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The study aims to investigate participants’ aesthetic experience in response to environments with curvilinear
boundaries that are presented in two different virtual environments (VEs), namely immersive (IVE) and
desktop-based virtual environments (DTVE). To this end, 60 participants were presented with 360°
32 VE visualizations that had either horizontal or vertical curvilinear boundaries and possessed various
architectural properties (size/light/texture/color) using a head-mounted display and a desktop computer.
The aesthetic experience in response to these visualizations was measured in terms of the three key dimen-
sions identified in a previous study (Elver Boz et al., 2022): familiarity, excitement, and fascination. In addi-
tion, participants’ sense of presence in the two different environments was measured. The results show that
familiarity and excitement dimensionswere significantly higher in IVE than in DTVE, whereas the two envi-
ronments did not significantly differ from each other in terms of the fascination dimension. As for the boun-
dary types, the familiarity dimension was significantly higher in horizontal curvilinear boundaries than in
vertical ones. In contrast, excitement and fascination dimensions were significantly higher in vertical curvi-
linear boundaries than in horizontal ones. The only dimension that showed an interaction between boundary
types and the type of VE was excitement. Finally, IVE induced a higher presence feeling than DTVE.
Overall, results suggest that people’s aesthetic experiences toward built environments change as a function
of the boundary types and the medium they are presented with these environments and that different dimen-
sions of the aesthetic experience are affected differently by these variables.

Keywords: aesthetic experience, architectural variables, virtual reality, immersive virtual environments,
desktop-based virtual environments

With the development of virtual reality (VR) technology, the
awareness of virtual built environment systems increased rapidly.
The game industry and the education, design, architecture, and con-
struction sectors have used this technology dynamically. When
applied to a built environment, the most significant feature of VR
is its ability to provide users with a sense of immersion and presence.
The idea of VR systems in physical environments is to depict and
look like architectural environments that do not exist in reality
(Bertol, 1997; Obeid & Demirkan, 2023). It enables designers to
examine the environment in many aspects before construction.
VR systems include many components in one area, such as a three-

dimensional (3D) model, displays, interaction devices, and software
(Paes et al., 2023). There are many types to express the 3D model,
which can be immersive or nonimmersive. With the development of
new technologies, many scholars have recently investigated human

perception and presence factors in immersive and nonimmersive envi-
ronments (Paes et al., 2017, 2021, 2023). The immersive virtual envi-
ronments (IVEs) represent the high-end system; while sensors follow
the operator’s actions in the real world, the display collects stereo-
scopic views of a model. The nonimmersive VEs represent the low-
end system. The display mode provides monoscopic views of a digital
model, and interaction devices are limited to easy-to-use equipment
(e.g., mouse and keyboard; Bertol, 1997; Obeid & Demirkan,
2023). While the immersive stereoscopic display, such as head-
mounted equipment, enables a complete VR experience (Castruccio
et al., 2019), the nonimmersive monoscopic display, such as a com-
puter screen, provides a vision that only presents a virtual representa-
tion (Woods et al., 2003). Therefore, aesthetic perception differences
between the two environments can be observed in the designed VEs.
This study investigates the relationship between immersive and non-
immersive perception and presence in curvilinear boundaries with
various space properties in the VE.

Literature Review

Architectural Aesthetic Experience

Many studies emphasized that architecture’s aesthetic qualities
greatly impact people’s cognitive judgment, emotional wellness,
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and behavior patterns (Adams, 2014; Cooper et al., 2014; Fischl &
Garling, 2004; Gifford, 2002; Gorichanaz et al., 2023; Hartig, 2008;
Joye, 2007; Locher et al., 2010). In the literature, several theoretical
models specify various components in explaining the importance of
architectural aesthetic experience (Chatterjee & Vartanian, 2014,
2016; Coburn et al., 2017, 2020; Elver Boz et al., 2022; Hekkert,
2006; Leder et al., 2004; Weinberger et al., 2021, 2022).
Firstly, Chatterjee (2013) questioned the relationship between

aesthetics and art and described the aesthetic experience as a triad
composed of sensations, emotions, and meaning. Chatterjee and
Vartanian’s (2014) characterization of the cognitive, emotional,
and behavioral elements provides a more holistic approach in the
aesthetic field. Later, Coburn et al. (2017) explained how the aes-
thetic triad created for aesthetic experiences can be applied to the
neuroscience of architecture and frame the human aesthetic experi-
ences in architecture.
Furthermore, Coburn et al. (2020) investigated the key psycholog-

ical components of architectural experience (coherence/fascination/
hominess) in a psychological framework rooted in the aesthetic triad
(Chatterjee & Vartanian, 2014, 2016). Concerning this psychologi-
cal framework, the study utilized 16 aesthetic adjective scales that
capture essential aspects of architectural experience. These scales
are complexity, organization, naturalness, beauty, personalness,
interest, modernity, valence stimulation, vitality, comfort, relaxa-
tion, hominess, uplift, approachability, and explorability. Their
study identified three key aesthetic components: “(1) coherence;
the ease with which one organizes and comprehends a scene, (2) fas-
cination; a scene’s informational richness and generated interest; and
(3) hominess; the extent to which a scene reflects a personal space”
(p. 231). The coherence component was associated with organiza-
tion, modernity, and beauty scales, the fascination component
with explorability, complexity, interest, and stimulation, and the
hominess component with naturalness, personalness, relaxation,
hominess, and comfort. Coburn et al. (2020) also showed how
these key components could be matched with neural activity.
In the literature, there are studies related to interior and exterior

architectural space variables using the three aesthetic key compo-
nents in evaluating the architectural responses of the participants.
In Coburn et al. (2020) study, they investigated the real interior
images comprised ceiling height, enclosure, and curvature as
space variables. Likewise, Chatterjee et al. (2021) investigated the
perceived ceiling height, enclosure, and contour of architectural inte-
riors as the space variables of architectural interiors with the same 16
aesthetic adjective scales. In the Weinberger et al. (2021) study, the
same 16 adjectives were applied to different subtypes of exterior
architecture and natural landscapes using the Vessel et al. (2018)
visual images. In all three studies, the key aesthetic components,
coherence, fascination, and hominess, explained the aesthetic
responses of participants.
Also, some studies investigated the impact of individual differ-

ences in evaluating the aesthetic experience of the participants
using the three key components. Vartanian et al. (2021) investigated
the perceived ceiling height, enclosure, and contour of architectural
interiors with participants having individual differences. They found
that coherence was the only key component for design students.
However, for participants with autism spectrum disorder, preference
for architectural interiors was driven by key components of homi-
ness and coherence. Weinberger et al. (2022) investigated the differ-
ences in responses to aesthetic key components among expert and

novice design professionals. They found that expertise affects the
interrelatedness of the three aesthetic components. Also, the coher-
ence component of design experts was more strongly associated with
fascination and hominess components and had a greater influence on
their overall aesthetic experience.

Elver Boz et al. (2022) studied an extensive and empirically
driven model that describes human aesthetic experience for built
environments. Their study mainly investigated the significant
dimensions of aesthetic experience and how these dimensions affect
different properties of the built environment. Instead of fully
designed real environment images, they created 3D 360° simulations
of different architectural variables in order not to lose controlling
factors with other elements (e.g., the furniture shape, color, and
arrangement, the window openings and sunlight effect, and the com-
positions of the mural) study conducted with a space. By leveraging
VR, they systematically manipulated various space variables (curvi-
linear boundaries and four space properties: size, light, texture, and
color). Their studies emphasized that three dimensions of aesthetic
scale, which are (a) familiarity, (b) excitement, and (c) fascination,
identified the aesthetic experiences in spaces with curved boundaries
and different architectural characteristics. The findings reveal that
three key aesthetic dimensions had different relationships between
architectural spaces with curved boundaries.

Elver Boz et al. (2022) described three key aesthetic dimensions
as follows: Familiarity is “How pleased, satisfied or relaxed one
feels in an environment, how safe and coherent they think the envi-
ronment looks, and how they would like to behave in this environ-
ment such as whether they would like to spend time or enjoy
exploring” (p. 10); excitement is “How excited, frenzied, jittery or
contended one feels in an environment” (p. 10); fascination is
“How mysterious or complex an environment looks or how stimu-
lated one feels in that environment” (p. 10).

Also, these three aesthetic dimensions are compatible with
Chatterjee and Vartanian’s (2014) cognitive, emotional, and behav-
ioral elements of the triad model. However, two main differences
exist between Elver Boz et al. (2022) and Coburn et al.’s (2020) stud-
ies. The first is that the parameters of the built environments are dif-
ferent. Chatterjee et al.’s (2021) and Coburn et al.’s (2020) study
involved the perceived enclosure (open or closed), ceiling height
(high or low), and contour (round or square) levels of the furnished
built environment. Elver Boz et al.’s (2022) study systematically
involves only the built environment variables (curvilinear boundar-
ies and four space properties: size, light, texture, and color). The sec-
ond is that the key dimensions of the aesthetic adjectives are formed
differently.

VEs in Architectural Design

Much research investigates people’s responses between virtual
and real environments by comparing cognitive judgment, emotional
well-being, and behavioral approaches. De Kort et al. (2003) found
that behavioral experience in VEs is similar to that in real environ-
ments. However, there are also modest significant differences in
environmental evaluations, such as height perception of a room.
Based on the quantitative result, Kuliga et al. (2015) found few stat-
istically significant differences in user experience between real and
virtual building model ratings. However, based on the qualitative
results, the “atmospherics” ratings showed substantial signifi-
cance for each environment. The study uses the meaning of the

ELVER BOZ, DEMIRKAN, AND URGEN2

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.



atmospherics as a holistic approach of interesting, warm, inviting,
decorated, varied, complex, and attractive adjectives. The main
idea of the study reveals that using VR as a research tool in architec-
ture and psychology has a strong potential. Besides, Brade et al.
(2017) emphasized that virtual and real environment presence and
user experience features were associated. The idea of the Brade
et al. (2017) study indicates that VE can be an alternative to the
real environment for the user when a high presence is realized.
Higuera-Trujillo et al. (2017) analyzed simulated (photographs,
360° scenes, and VR) and real (physical setup) environment rela-
tionships with the help of psychological and physiological user
responses and sense of presence. The findings reveal that while
VR simulations tend to obtain the closest to reality according to
physiological measurements, 360° panoramas provide the closest
to reality according to psychological outcomes.
Moreover, Chamilothori et al. (2019) investigated daylight per-

ception in real environment and VE. The study’s prior aspects are
pleasantness, interest, excitement, complexity, and satisfaction.
The study shows no significant differences between these environ-
ments in perceptual accuracy. They reported that using VR methods
in architectural studies seems promising for use as a surrogate for
real environments.

IVE and Desktop-Based Virtual Environment (DTVE)

VR is the technology that immerses a person into a 3D, simu-
lated digital environment. As Sherman and Craig (2003) stated,
VR allows users to feel, perceive, and immerse the space as if in
an existing environment by imitating the architectural environ-
ment. Therefore, users’ emotions and actions are consistent with
those in the real environment. Adapting various space properties
such as size, light, texture, and color of the boundaries of that envi-
ronment increases the user’s sense of space within the created envi-
ronment. Using various properties enriches the experience by
enhancing engagement and meaning for the viewer more than a
3D space. In the VE, increasing user sensations, feelings, and emo-
tions in that space is related to making sense of the created
environment.
In the literature, many examples of VEs can be experienced using

immersive displays (e.g., head-mounted displays [HMD]) or nonim-
mersive displays (e.g., desktop computers). In each VE, the partici-
pants could have different experiences and results based on the
spatial characteristics of the VE. Paes et al. (2017) compared spatial
user perception and presence between an IVE and a nonimmersive
traditional (conventional workstation) VE. Results indicate that
users perceived different features of the created space more accu-
rately than the conventional VE. The study concludes that better spa-
tial perception is provided with the help of an immersive
environment. Paes et al. (2021) also compared perception and pres-
ence between IVE (HMD), nonimmersive VE (laptop monitor), and
physical environments (real environment). The result of the study
showed that immersive VR systems provide a greater presence
than nonimmersive ones. Also, an immersive system provides a
more immersive experience, benefits collaborative design review,
and increases productivity. Paes et al. (2023) investigated the rela-
tionship between perception and presence findings in nonimmersive
VE and IVE. The study investigated whether 3D perception affects
users’ presence level in VE. The results of the study indicate no asso-
ciation between presence and perception.

The level of presence score is not related to the display mode of
the 3D model. According to the study, incorporating advanced ster-
eoscopic visualization techniques may be optional while creating a
3D model of the built environment. Shu et al. (2019) investigate
whether VR appears or feels different to users when different VEs
(HMD and desktop based) are used in terms of sense of presence.
As a result, users indicated a higher sense of spatial presence and
immersion while using VR HMD than desktop VR.

The present study investigates whether a VE (IVE and DTVE)
affects the aesthetic experience dimensions of the participants in cur-
vilinear space boundaries with different architectural properties
(size, light, texture, and color). The study also intends to analyze
the effects of IVE and DTVE on participants’ sense of presence.
Participants rated these VEs based on the findings of Elver Boz
et al.’s (2022) research that defined the three dimensions of aesthetic
experience: familiarity, excitement, and fascination.

The related research questions (RQs) are posed:

RQ1: What are the aesthetic experience dimensions associated
with VEs and curvilinear boundaries with various architectural
properties of interior spaces?

RQ1a: Is there a difference in aesthetic experience dimensions
based on VEs of interior spaces?

RQ1b: Is there a difference in aesthetic experience dimensions
based on curvilinear boundaries with various architectural
properties of interior spaces?

RQ2: Does interaction between VEs and curvilinear boundaries
with various architectural properties affect the aesthetic experi-
ence dimensions of interior spaces?

RQ3: Is there a difference in presence based on VEs of interior
spaces?

RQ4:Do aesthetic experience dimensions have an impact on the
presence scores in VE?

Method

Participants

I.D. Bilkent University Institutional Ethical ReviewBoard approved
this study (2018_01_18_04). All the participants signed the informed
consent form that stated the purposes of the study and explained the
participants’ involvement as well as the risk and emergency proce-
dures. Based on a priori G* Power F-test analysis (Faul et al., 2009)
for analysis of variance (ANOVA): repeated measures, within factors,
were conducted using computed effect size ( f ) 0.25, α= .05, and a
power level of 0.90 (Cohen, 1988), indicating a minimum required
sample size of 44 participants for each of the 32 visualizations. At
the beginning of the experiment, 76 participants were involved; later,
12 were excluded because of color blindness, VR cybersickness, or
not participating in the second VE experiment (IVE or DTVE). A
total of 60 university students, 37 females and 23 males, participated
in both experiments voluntarily from I.D. Bilkent University. The
age range of the participants was 19–30 years (M= 24.77, SD=
3.92). The efficiency of visual perception was found to be high in
young adults in the research conducted by Błasiak et al. (2019).
Also, they noticed differences in stress between the youngest, middle-
aged, and oldest respondents. Therefore, the age range was taken
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between 19 and 30 for having the same stress level in explaining their
feeling and thoughts about the perceived spaces. Ishihara’s electronic
color blindness test was used (Color-blindness.com, 2019) to ensure
the subjects’ complete color perception.

VE and Stimuli

The experimental stimuli in the VE have two important features:
curvilinear horizontal boundaries (HBs) and curvilinear vertical
boundaries (VBs; see Figure 1).
In HB space, four horizontal surfaces are linked with concave

connections. In contrast to the standard space connections, there
is no 90° edge in that space in the horizontal plane. In VB space,
each wall is connected to the ceiling as a vertically concave con-
nection. In contrast to the standard space connections, there is no
90° link between walls and ceiling. Each boundary type involves
four space properties (size, light, texture, and color) of the sur-
rounding surfaces, where each space property is composed of
two intensity levels, high and low, namely as size (small—S and
large—L), light (dim—D and bright—B), texture (longitudinal—
LT and lateral—LR), and color (cool—C and warm—W) shown
in Figure 2 for the representation of 32 visualizations. This study’s
32 VE visualizations are designed with various architectural
properties.

Design and Procedures

The study aims to identify the differences in participants’ aesthetic
experience perception of the two VEs and the impacts of curvilinear
boundaries with various architectural properties on different VEs.
The study was conducted in two VEs: (a) an IVE and (b) a
DTVE. While immersive (IVE), high-end VR system displays the
stereoscopic images of a digital model, nonimmersive (DTVE), low-
end VR system displays the monoscopic perspective views of a dig-
ital model (Bertol, 1997; Paes et al., 2021). Figure 3 presents the
experiment setup scheme.
The study involves 32 VE visualizations with various space var-

iables to be tested by 60 participants. Each participant has to exam-
ine the space for 10 s and evaluate the three key dimensions of
aesthetic adjectives after each space in 10 s. The experiment for
each participant had two steps. Each participant started the exper-
iment in one of the steps and then moved to the other. The 30 par-
ticipants initially experienced the IVE and then the DTVE, while
the other 30 participants initially experienced the DTVE and
then the IVE to eliminate the order effect. The participants

evaluated the presence questionnaire (PQ) after experiencing
each environment with no time limitation.

While in DTVE, participants are seated in front of the desktop
and the only movements are wrist and fingers used for mouse oper-
ation to select responses, in IVE, participants need to stand and turn
their heads to move around the scene (left–right and up and down)
and reach out to select the responses with controllers. The total
duration of the 32 visualizations was 10 min in both environments.
The IVE experience process lasted 25–30 min, depending on the
virtual glass placement and adaptation, and the DTVE experience
process lasted approximately 15–20 min. To avoid distracting
attention, the experimenter leaves the room after a brief introduc-
tion about the experiment. Next to the experiment room, another
computer simultaneously shows participants’ movements and
records the responses.

Participants rated these visualizations based on the related find-
ings of the previous research (Elver Boz et al., 2022), which catego-
rized the three dimensions of the aesthetic experience of interior
spaces as familiarity, excitement, and fascination. After evaluating
the last environment in each step, participants completed the PQ
that is adapted from the studies of Paes (2019) and Paes et al. (2021).

Instruments

The three aesthetic experience dimensions of thirty-two 360° per-
ceived spaces are determined using IVE (HTC Vive Pro) and DTVE
(IntelI Core i7-7700U CPU@ 3.60 GHz). IVE, as a fully immersive
environment, provides a headset and two touch controllers for per-
ceiving the environment and evaluating familiarity, excitement, fas-
cination dimensions, and PQ scores. DTVE, as a monitor-based VR
system, was a high-performance 32′′ full HD monitor for the presen-
tation of the VR environments and a computer mouse as an interac-
tion between the VE and the user. Also, the same desktop computer
is used by all participants (Luminance 120, Gamma 2.2, Color tem-
perature 6500 K, Color display 24-bit) to prevent differences in per-
ception due to different computer settings (EIZO, 2021; Federal
Agencies Digital Guidelines Initiative, 2016) in the IVE participant
putting on the headset and being able to turn 360° as an egocentric
framework. In the DTVE, the participant was sitting in front of a
desk interacting with the DTVE, using the 32′′ full HD monitor
and the mouse.

Qualtrics survey is conducted in both VEs (Qualtrics XM—

Experience Management Software). The visualizations are ran-
domly assigned in the Qualtrics, and the participants rated the

Figure 1
Curvilinear HBs and Curvilinear VBs

Note. HB= horizontal boundary; VB= vertical boundary.
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three dimensions of aesthetic experience on a 7-point Likert scale after
perceiving each space. Also, a week after completing the first step, the
participants were invited once more to participate in the second step of
the experiment. After completing 32 visualizations in each VE, partic-
ipantswere administered the PQ to analyze their perceived level of pres-
ence during the 3D perceptions in the VEs (IVE and DTVE). The
presence questions are predominantly based on the Slater-Usoh-Steed
instrument developed by Usoh et al. (2000). Paes (2019) created a

collection of VE presence questions adapted from Usoh et al. (2000),
Witmer and Singer (1998), and Zikic (2007; see Table 1).

Each question was rated on a scale of 1= not at all to 7= a great
deal. Slater (1999) defined the three aspects of virtual presence. The
first is related to the feeling of being in the VE as the participant feels
that the space is real and immediately declares it. The second is the
level of becoming a reality from the VE as the participant knows it is
not a real environment but states the perceived feelings or acts within

Figure 2
VE Visualizations With Various Space Variables

Note. VE= virtual environment; HB= horizontal boundary; VB= vertical boundary; S= small;
D= dim; LT= longitudinal; C= cool; W=warm; LR= lateral; B= bright; L= large.
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that space as real. The third one is to what extent VR is remembered
as a “place,” and the space experience is reported as being experi-
enced in real space. The participant states the first aspect, while
the second and the third are observed or listened to as an experience.

Data Analysis

The study assesses the boundary type (horizontal and vertical), VEs
(IVE andDTVE), and their relationshipswith the three aesthetic expe-
rience dimensions based on the ratings of the 60 participants. The
study ran a 2 (boundary type: horizontal and vertical)× 2 (presenta-
tion mode: IVE and DTVE) repeated measures ANOVA for each aes-
thetic preference dimension. Consequently, the main effect of VEs,
the main effect of curvilinear boundaries, and the interaction of VE

with curvilinear boundaries were determined. Apart from these anal-
yses, the presence score of the VEs was reported using a pairwise
comparison. Also, the study conducted hierarchical multiple regres-
sion analysis to determine the percentage of the variance of the archi-
tectural variables’ dimensions in the presence score.

Results

Aesthetic Experience Dimensions and VEs

In Figure 4, the ANOVA on the familiarity dimension showed a
main effect of VEs, F(1, 59)= 15.81, p, .0001, ηp

2= .21. IVE
(M= 3.83, SD= 0.11) was more familiar than DTVE (M= 3.36,
SD= 0.11). The excitement dimension showed a main effect of
VEs, F(1, 59)= 4.56, p, .05, ηp

2= .07. IVE (M= 3.75, SD= 0.09)
wasmore exciting thanDTVE (M= 3.56, SD= 0.09). The fascination
dimension showed no main effect of VEs, F(1, 59)= 1.78, p= .18.

Aesthetic Experience Dimensions and Curvilinear
Boundaries

In Figure 5, theANOVAon the familiarity dimension showed amain
effect of boundaries,F(1, 59)= 97.90, p, .0001, ηp

2= .62. HBs (M=
4.03, SD= 0.10) were more familiar than VBs (M= 3.15, SD= 0.11).
The excitement dimension showed a main effect of boundaries,
F(1, 59)= 6.50, p, .01, ηp

2= .10. Vertical boundaries (M= 3.77,
SD= 0.10) were more exciting than HBs (M= 3.55, SD= 0.08).
The fascination dimension showed a main effect boundary type,
F(1, 59)= 31.70, p, .0001, ηp

2= .35, as well. Vertical boundaries
(M= 4.30, SD= 0.11) were more fascinating than HBs (M= 3.60,
SD= 0.10).

Curvilinear Boundaries and VE Interactions in Aesthetic
Experience Dimensions

In Figure 6, ANOVA on familiarity, F(1, 59)= 0.53, p= .47, and
fascination, F(1, 59)= 1.73, p= .19, dimensions showed no signifi-
cant interaction between boundaries and VEs. The excitement
dimension showed a significant interaction between boundaries
and VEs, F(1, 59)= 5.93, p, .01, ηp

2= .09. The horizontal curvi-
linear boundaries were more exciting than those for the IVE, t(59)=

Figure 3
Experiments Setup Scheme

Note. IVE= immersive virtual environment; DTVE= desktop-based virtual environment; PQ= presence questionnaire.

Table 1
VEs PQ

Presence questionnaire

1. Towhat extent did you feel present in the space considering your presence
experiences in the real world?

2. When you think back about your experience, to what extent do you think
of the space as a place in a way similar to when you remember of other
places that you have been today?

3. When you think back about your experience, to what extent do you think
of the space as somewhere you were at?

4. During the time of the experience, how strong was your sense of being in
the space rather than being in the experiment room?

5. To what extent did your visual experience in the space seem consistent
with your visual experiences in the real world?

6. To what extent did you feel you could grasp an object in the space?
7. If the space ceiling had started to collapse, what would have been the

probability of you dodging in an attempt to not getting hit by falling
parts?

8. Were there times during the experience when the space was the reality for
you?

9. Were you involved in the experience to the extent that you lost track of
time?

10. To what extent have you experienced motion sickness (nausea,
dizziness)?

Note. VE= virtual environment; PQ= presence questionnaire. Adapted from
A User-Centered Analysis of Virtual Reality in Design Review: Comparing
Three-Dimensional Perception and Presence Between Immersive and
Non-Immersive Environments [Doctoral dissertation] (pp. 129–130), by
D. Paes, 2019, Georgia Institute of Technology. Copyright 2022 by the Elsevier.
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−1.86, p= .07. In contrast, the two boundary types did not signifi-
cantly differ in excitement for the DTVE, t(59)= 0.84, p= .40.

Presence of VEs in Aesthetic Experience Dimensions

In Figure 7, 10 presence scores differed between IVE and DTVE,
with higher values found in IVE. While in the IVE, the density dis-
tribution is between four and six scores, in the DTVE, the density
distribution is between two and four. The mean number of presences
scores at IVE (M= 4.58, SD= 1.06) and DTVE (M= 2.77, SD=
1.02) differ significantly, t(59)= 10.97, two-tailed p, .0001. The
average difference between the paired mean score values IVE and
DTVE mean values is 1.81.

Hierarchical Multiple Regression on VEs and Presence
Score

Hierarchical multiple regression was used to identify the predictive
role of aesthetic dimensions of architectural variables in determining
the presence score in IVE and DTVE. Two models were found to be

effective in IVE. The first IVE model included the familiarity and
excitement dimensions of the architectural variables (Table 2). The
excitement dimension, β= .53, t(57)= 4.37, p, .001, is the only
predictor that explains 24.34% of the variance of the architectural var-
iables in the presence score of Model 1 in IVE. The second model of
IVE included the architectural variables’ familiarity, excitement, and
fascination dimensions. The fascination dimension, β= .45, t(56)=
2.69, p= .009, is the only predictor that explains 8.35% of the vari-
ance of the architectural variables in the presence score of Model 2
in IVE. However, one model was effective in DTVE, including the
familiarity and excitement dimensions of the architectural variables.
The excitement dimension, β= .33, t(57)= 2.6, p= .012, is the
only predictor that explains 10.18% of the architectural variables’ var-
iance in the model’s presence score, as seen in Table 2. All the aes-
thetic dimensions were checked for collinearity, and all the
predictors had tolerance levels greater than 0.1.

To summarize the hierarchical multiple regression results, the
excitement dimension was the leading predictor in IVE. The fascina-
tion dimension was the second effective predictor in IVE. However,
the excitement dimension was the only predictor in DTVE. VE’s

Figure 4
Raincloud Plots of Aesthetic Experience Dimensions and VEs

   a                                                                                   b                                                                                c 
* F(1,59)=15.81, p<0.0001, �p2=0.21                            * F(1,59)=4.56, p<0.05, �p2=0.07                            F(1,59)=1.78, p=0.18, �p2=0.02 

Note. Error bars reperesent standard deviations of the mean value. (a) Familiarity. (b) Excitement. (c) Fascination. VE= virtual environment; IVE= immer-
sive virtual environment; DTVE= desktop-based virtual environment.
* p, .05 (Bonferroni corrected).

Figure 5
Raincloud Plots of Aesthetic Experience Dimensions and Curvilinear Boundaries

a                                                                                   b                                                                                  c  
* F(1,59)=97.90, p<0.0001, �p2=0.62                           * F(1,59)=6.50, p<0.01, �p2=0.10                            * F(1,59)=31.70, p<0.0001, �p2=0.35 

Note. Error bars reperesent standard deviations of themean value. (a) Familiarity. (b) Excitement. (c) Fascination. HB= horizontal boundary;VB= vertical boundary.
* p, .05 (Bonferroni corrected).
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excitement dimension (wideawake, excited, frenzied, jittery, con-
tended) was the common predictor of the presence score in both
environments.

Discussion

Effects of VEs on Aesthetic Experiences

The present study examines users’ aesthetic experience and pres-
ence results within the related VEs. As a result of the study, the famil-
iarity and excitement components are highly significant factors in both
VEs. The aesthetic experience dimension of familiarity covers ele-
ments that Elver Boz et al. (2022) categorized as “pleased, happy, sat-
isfied, pleasant, relaxed, like to spend time, prefer to live, enjoy
exploring, and others.” The familiarity dimension may also be

conceptually related to the “hominess” factor named in Coburn et
al.’s (2020) study, where the human aesthetic experiencewas explored
by operating different architectural variables. The familiarity dimen-
sion may represent belonging to a space like home.

In the Coburn et al. (2020) study, the fascination component was
described with explorability, complexity, interest, and stimulation
scales, and the present study is described as the feeling of how mys-
terious or complex an environment is or how stimulated one feels in
that environment (Elver Boz et al., 2022). Complexity and stimulation
are common adjectives in both studies, and interest could correspond
to mysterious feelings in the environment. The fascination dimension
was only active in the presence of IVE in the present study. The coher-
ence and excitement dimensions have different describing adjectives.
In Coburn et al.’s (2020) study, they are related to the ease with which
one organizes and comprehends a scene; in the present study, the
excitement dimension is related to how excited, frenzied, jittery, or
contended one feels in an environment.

Figure 6
Raincloud Plots of Curvilinear Boundaries and VE Interactions in Each Aesthetic Experience Dimension

  a                                                                                   b                                                                                c 
F(1,59)=0.53, p=0.47, �p2=0.009                         * F(1,59)=5.93, p<0.01, �p2=0.09                         F(1,59)=1.73, p=0.19, �p2=0.02

Note. Error bars reperesent standard deviations of the mean value. (a) Familiarity. (b) Excitement. (c) Fascination. VE= virtual environment; IVE-HB=
immersive virtual environment-horizontal boundary; IVE-VB= immersive virtual environment-vertical boundary; DTVE-HB= desktop-based virtual
environment-horizontal boundary; DTVE-VB= desktop-based virtual environment-vertical boundary.
* p, .05 (Bonferroni corrected).

Figure 7
Raincloud Plots of Presence Scores and VEs

Note. Error bars reperesent standard deviations of the mean value. VE=
virtual environment; IVE= immersive virtual environment; DTVE=
desktop-based virtual environment; PQ= presence questionnaire.

Table 2
Hierarchical Multiple Regression on VEs and the Presence Score

Predictors

IVE

Model 1
(familiarity,
excitement)

Model 2
(familiarity,
excitement,
fascination)

DTVE:
Model 1

(familiarity,
excitement)

Excitement .49** .32*
Fascination

(correlation part)
.29**

β .53 .45 .33
R .52 .60 .38
R2 .27 .35 .15
ΔR2 .24 .08 .10
ΔF 19.06 7.26 6.79
df 57 56 57

Note. VE= virtual environment; IVE= immersive virtual environment;
DTVE= desktop-based virtual environment.
* p, .05. ** p, .001.
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Specifically, in the IVE, familiarity aesthetic components have
higher results than in DTVE in the current study. The reason may
be that IVE makes the participant feel closer and “like home” than
the DTVE. It may be because the participants can experience the
places without any external factors or interruption. Another reason
may be that while in the IVE, participants were allowed to move
their heads around in the VE. They can turn their heads whenever
needed, like in real-world actions.
Participants were seated and not allowed to walk during the exper-

iment. For that reason, DTVE is a less familiar way to explore and
visualize a room than moving around. Participants may feel in a
familiar space because of the focus vision in the IVE. In addition,
excitement aesthetic components show the same result as familiarity.
Elver Boz et al. (2022) emphasized excitement as “contended (satis-
fied).” This finding is consistent with Imamoglu (2000), suggesting
that more familiar stimuli may appear relatively more predictable,
satisfying, and less complex. However, fascination with aesthetic
components is expressed as “complex” by Elver Boz et al. (2022).
The fascination with aesthetic experience differs from the other
two aesthetic scales, and no significant factors (mysterious, com-
plex, and stimulated) exist. Imamoglu’s (2000) previous study sup-
ports this study’s findings that as participants feel more familiar with
a particular stimulus, the environment may appear more predictable
and, hence, less complex and mysterious.
The previous studies using simulated built environments have

shown different perceptions of IVE and DTVE (Higuera-Trujillo
et al., 2017; Paes et al., 2017, 2021, 2023; Shu et al., 2019).
However, these studies have measured the differences in users’
sense of presence and immersion between the two VEs. Besides per-
ception and preference, the aesthetic experience of the VEs needs to
be investigated more extensively in the literature. Hepperle and
Wölfel (2023) conducted a systematic scoping review of human
behavioral studies that analyzed VR settings in three categories: per-
ception, interaction, and sensing and reconstruction of reality.
However, they recorded only one study in their literature review
on the sensing and reconstruction of reality category related to aes-
thetic experience in VE facade design (Verwulgen et al., 2020).

Effects of Curvilinear Boundaries on Aesthetic
Experiences

Chuquichambi et al. (2022) stated that while human curvature pref-
erence is common, it is not universally constant or invariant.
Furthermore, Djebbara and Kalantari (2023) demonstrated a negative
relationship between curvature preference and possible interactions
with an object. Elver Boz et al. (2022) controlled curvilinear boundary
types and space properties in their research one by one in the built
environment. However, one of the aesthetic components, the fascina-
tion dimension, was affected by none of the architectural variables
controlled in their studies. Also, Elver Boz et al. (2022) proposed
that combining the boundary types and space properties, which
means a holistic approach, allows “fascination”with aesthetic compo-
nents that interact with the perception of the built environment.
Consequently, instead of studying architectural variables in isola-

tion, our study examines architectural variables in a combined way.
This result is consistent with real-life architectural properties such
as curvilinear boundaries, size, light, texture, and color in our living
environment. This study investigates the impacts of curvilinear
boundaries with various architectural properties. The study found

that the three aesthetic components, familiarity, excitement, and fasci-
nation, were modulated by the environment one experiences.

Familiarity and complexity are consistently perceived as indepen-
dent dimensions of the physical environment (Alexander, 2002;
Kaplan & Kaplan, 1989; Salingaros, 2007). As a result of this
study, HBs with various space properties were more familiar than
VBs, and VBs were found more exciting and fascinating than
HBs. Elver Boz et al. (2022) previous study supports this finding
that studies of HBs were more familiar and exciting than studies
of VBs. Elver Boz et al. (2022) suggest that familiar things and unex-
pected different ones are perceptually salient qualities of the built
environment that can be manipulated independently in architectural
design strategies parallel with the study of Coburn et al. (2020).

Interactions of Curvilinear Boundaries With Aesthetic
Experiences

Elver Boz et al. (2022) emphasized interactions between boundary
types and space properties such as size, light, texture, and color one by
one. Elver Boz et al. (2022) found the interaction of boundary and size
and the interaction of boundary and light in the excitement dimension,
the interaction of boundary and texture in the familiarity dimension,
and no interaction between boundary and color.

Furthermore, this study explores the curvilinear boundaries with
various architectural properties and VE interactions in each aesthetic
experience dimension. Only the excitement dimension showed the
main effect of interactions between VE and boundary. This finding
is a main contribution to the present literature since, to our knowl-
edge, no other research has examined aesthetic experiences in VEs
with various architectural variables.

Effects of Presence in VEs on Aesthetic Experiences

In the Gregorians et al. (2022) study, the participants were asked to
rate the built environmentsfilmed in the videos for the valence, arousal,
spatial layout complexity, fascination, coherence, hominess, and
unusualness qualities. They found that fascination, coherence, and
hominess are all strongly correlated with valence (intrinsic appeal or
repulsion), which is in line with the previous work of Coburn et al.
(2020). In the Gregorians et al. (2022) study, neither the appearance
of green/blue space nor the presence of people significantly affected
video ratings.

This study mainly investigates the effects of the aesthetic experi-
ence of participants in the presence of VEs. As a result of the study,
the data showed that IVE has more presence feelings than DTVE. In
the related literature, Elver Boz et al. (2022) only focus on IVE in
their studies, and research needs to be conducted in the literature
concentrating on space with curvilinear boundaries with various
architectural properties in VEs presence comparison. This study
expands the VE’s presence feelings with the human psychology of
aesthetic assessments. This research provides a deeper analysis of
what happens when a user reports VEs about presence. The excite-
ment dimension is the main predictor of presence in both environ-
ments (IVE and DTVE).

Conclusion

This study makes significant contributions by analyzing the cur-
rent state of VE literature. The study findings mainly contribute to
three areas: (a) the relationship between the VEs and the three
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main aesthetic experience dimensions, (b) the relationship between
the curvilinear boundaries with various architectural properties
and the threemain aesthetic experience dimensions, and (c) the inter-
action between VEs and curvilinear boundaries with various archi-
tectural properties and the dimensions of the three main aesthetic
experiences.
The acquired knowledge of this research has many implications

for the built environment. The familiarity and excitement experi-
ences increase in IVE. Also, the familiarity experience increases in
horizontal curved boundaries, and excitement and fascination
dimensions increase in vertical curved boundaries. In line with
this result, designers can manipulate this idea in the existing spaces
that include different architectural variables. These results can be
substantial for renovating the built environment.
The study provided IVE and nonimmersive VE relations regard-

ing curvilinear boundaries with various architectural properties.
As a result, virtual worlds presented in an IVE are more comparable
to real-world situations than to computer screens (DTVE). This find-
ing supports the study that an immersive environment is more suit-
able than a nonimmersive one for conducting experiments in human
behavioral studies. This finding may be useful information for
designers and researchers looking to create more immersive and real-
istic virtual experiences.
Nevertheless, there were limitations in this study, such as the use

of an HMD (HTC Vive Pro). Technological devices have been
developing each passing day, and using new versions of technolog-
ical devices was not included in this research. Further research could
be conducted with more immersive display equipment like aug-
mented reality to investigate three aesthetic dimensions. In addition,
in real interior space stimuli experiments, participants may be
affected by other factors (e.g., furniture, openings, murals) in the
environment. In this study, 32 interior images were designed as stim-
uli to limit participants’ focus in the designed space. However, since
it does not resemble the space we see in real life, this may cause lim-
itations in our perception.
As potential guidelines for future research, proposals for studies in

the application ofVEs and space properties of interior spaces to under-
stand aesthetic experiences are encouraged. Moreover, future works
may include new space properties to differentiate the various visuali-
zations of interior spaces. For instance, in this study, the surrounding
surfaces’ space properties (size, light, texture, and color) are com-
posed of two intensity levels. However, different space properties
with many levels of intensity may be explored in further investigation.
Also, a future study could determine if some semantic inconsistencies
provide differences in evaluating interior spaces. Since the experi-
ments are conducted in different cultural backgrounds, a cross-cultural
study could be valuable to identify these differences.
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