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remains essentially a subjective, hedonic experience, capa-
ble of resonating with the most intimate aspects of the self 
(Vessel et al. 2012, 2013). We know that art appreciation is 
a complex phenomenon arising from the profound interplay 
between observer, artwork, and environment (Leder et al. 
2004; Leder & Nadal 2014; Leder & Pelowski 2021; Pearce 
et al. 2016; Pelowski et al. 2017a, b), in which emotion–
valuation, sensory–motor, and meaning–knowledge pro-
cesses are involved (Chatterjee & Vartanian 2014, 2016). 
Although art contemplation usually occurs in museums or 
art galleries, most empirical studies on aesthetic experience 
have been carried out in laboratory settings. These allow 
examining the effects of specific manipulated factors while 
controlling confounding variables, thus providing obvious 
methodological advantages. Yet, several studies show that 
the laboratory setting is not a good proxy of the real one, 
failing to capture the complexity and depth of the aesthetic 
experience (for a review, see Pelowski et al. 2017a, b), pro-
ducing findings that are not fully generalizable to real-world 
circumstances (Grüner et al. 2019; Pelowski et al. 2017a, b; 
Specker et al. 2017; Specker et al. 2023a, b; Szubielska et al. 

1  Introduction

Art is deeply rooted in our culture and communities. 
Throughout time and civilizations, human beings have con-
sistently turned to art to give form to emotions and thoughts 
that often elude verbal expression. In its myriad forms, art 
is a powerful vehicle for transmitting ideas, values, and 
history, functioning as a social and cultural anchor (Zaidel 
2018). Yet, beyond its societal role, the encounter with art 
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Abstract
Art contemplation typically occurs in museums or art galleries. However, aesthetic experience has been predominantly 
investigated in laboratory settings, limiting the generalizability of the results. Virtual reality (VR) can create immersive 
and realistic simulations, potentially bridging this gap. However, the extent to which aesthetic engagement in virtual 
environments parallels that of physical exhibitions remains to be tested. To address this question, twenty-four art naïve 
participants visited both a physical photographic exhibition and its virtual counterpart designed for Oculus Quest 2. We 
assessed both explicit aesthetic experiences (liking, curiosity, and emotional involvement) and implicit behaviors towards 
art (viewing times) in both settings. By employing Bayesian linear mixed-effects analyses, we found evidence of no dif-
ference between the two environments in terms of liking and emotional involvement. However, the participants who first 
visited the exhibition in the physical context reported lower curiosity towards the photographs during the second session 
(i.e., in VR). We also found strong evidence for the lack of a modulatory role of context over phenomena generally found 
in real-world exhibition, i.e., the museum fatigue and the relationship between viewing times and aesthetic experience. 
Moreover, one year later, participants similarly rated the vividness of their memory and their willingness to revisit the vir-
tual and physical exhibition. Altogether, these findings suggest that aesthetic experiences in a controlled physical context 
can be comparable to those experienced in its immersive digital twin, with meaningful scientific and cultural implications.
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2021; Szubielska & Imbir 2021). Indeed, on average, people 
like artworks more, find them more interesting, experience 
more positive affective responses, and observe paintings 
for longer in the museums/art galleries than in the labora-
tory (Brieber et al. 2014; Brieber et al. 2015a, b; Grüner et 
al. 2019; Locher et al. 1999, 2001; Locher & Dolese 2004; 
Specker et al. 2017; Szubielska et al. 2021; Szubielska & 
Imbir 2021, but see Darda et al. 2025). Artworks are also 
remembered better and longer when viewed in a museum 
(Brieber et al. 2015a, b; Specker et al. 2017). Current exper-
imental approaches, dominated by laboratory studies, may 
thus have led to an understanding of the aesthetic experi-
ence at least in part detached from real-life art-observer 
interactions, calling for more ecologically valid studies 
(Pelowski et al. 2017a, b). Several aspects differentiate the 
real context from the laboratory one. In the latter, artworks 
are typically displayed on a computer screen, with dimen-
sions that obviously do not match the original sizes. Texture 
is another factor that distinguishes an original artwork from 
its reproduction, especially for impasto paintings and sculp-
tures, which possess three-dimensional qualities. These are 
flattened when reproduced in two dimensions, resulting in 
the loss of both haptic and visual information. Moreover, 
in the laboratory, artworks are typically displayed one after 
another on the screen, making viewers passive receivers 
with little or no control over what they observe (Pelowski 
et al. 2017a, b). In contrast, in the museum context, visi-
tors intentionally approach artworks and freely move within 
the exhibition. Furthermore, laboratory settings frequently 
present sequences of artworks without coherent thematic 
logic – often relying on the randomization of stimuli order. 
To maximize generalizability of the results, these studies 
present participants with unrelated artworks, differing per-
haps in style, historical period, or artist. In museums, by 
contrast, beholders visit thematic exhibitions, and not ran-
dom images: curators carefully select where and how to 
position artworks, creating structured exhibition pathways 
that contribute to conveying the overarching meaning of the 
exhibition. According to Pelowski and colleagues (Pelowski 
et al. 2017a, b), all the factors mentioned above can influ-
ence the interaction with art and exert an impact on aesthetic 
experience that can be interpreted in the light of the influ-
ential theoretical model proposed by Leder and colleagues 
(2004, 2014). Indeed, the model proposes that the aesthetic 
experience begins even before perception, with the context 
that contributes to shaping expectations. Then, the aesthetic 
experience is described as a sequence of processing stages 
that lead to two outputs: cognitive-based aesthetic judg-
ments, and affective-based aesthetic emotions. Aesthetic 
judgments refer to explicit evaluative appraisals, which, 
operationally, are typically captured by collecting ratings of 
liking, beauty, interestingness, or understanding. Aesthetic 

emotions, in turn, denote the affective experience elicited 
during the encounter with the artwork and, operationally, 
can be assessed via self-reported emotional responses (e.g., 
emotional involvement, arousal, valence) and comple-
mented by physiological indices (Leder et al. 2004; Leder 
& Nadal 2014). Thus, the context in which art is experi-
enced (e.g., a museum vs. a laboratory setting) can influence 
both cognitive- and affective-based explicit judgments by 
shaping expectations as well as the perceptual experience. 
In this regard, curiosity would act as a “bridge” between 
cognitive-based aesthetic judgments and affective-based 
aesthetic emotions. Within the predictive processing frame-
work, which is increasingly adopted in the last few years 
as a framework for understanding aesthetic phenomena 
(Frascaroli et al. 2024; Van de Cruys et al. 2024), curios-
ity is considered as an “epistemic emotion” or “metacogni-
tive feeling” (Vogl et al. 2021) that signals an “information 
need” and acts as a drive to information-seeking to grasp 
the meaning of an artwork (Frascaroli et al. 2024; Van de 
Cruys et al. 2024). Curiosity is often theorized as arising 
from the perception of a knowledge gap, motivating infor-
mation-seeking behavior aimed at reducing that gap (Ken-
ett et al. 2023; Loewenstein 1994). Importantly, it arises 
when a stimulus is partly uncertain yet offers an epistemic 
promise: the implicit expectation that individuals, by get-
ting additional information, can make progress in resolving 
that uncertainty and achieve deeper understanding (Van de 
Cruys et al. 2024).

While these outputs reflect the explicit counterpart of 
aesthetic experience, theoretical interest is also given to 
implicit behaviour towards art (such as viewing times and 
viewing distance). Theoretical debate has long discussed 
whether and how artistic experience and viewing time influ-
ence one another (Brieber et al. 2020). Leder and Nadal 
(2014), in their theoretical model (Leder & Nadal 2014), 
argued that a key component of (deep) aesthetic experi-
ence may be “its long extension in time”, thus highlighting 
that viewing times may represent a critical element associ-
ated with the aesthetic experience. On the one hand, this 
is one of the reasons why laboratory studies are criticized 
for showing works of art for too limited time intervals (a 
few seconds): restrictions on viewing time can constrain 
how deeply viewers engage in visual and semantic pro-
cessing, thereby shaping the beholder’s overall experience 
(for a study on this topic see, for instance, Brieber et al. 
2020). The considerations reported above make it necessary 
to analyse implicit behaviour towards art (such as viewing 
times) when aiming to investigate the impact of context on 
the aesthetic experience.

Given these premises, it becomes necessary to identify 
new approaches for investigating the processes and phe-
nomena that occur during the encounter with art in a more 
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ecologically valid manner (Specker 2025). One solution has 
been conducting field studies directly within the physical 
spaces where exhibitions are hosted. An increasing number 
of studies are adopting this approach, employing mobile 
measures such as eye-tracking and portable brain imag-
ing technologies like electroencephalography (EEG) (for 
example, see Castellotti et al. 2023; Pelowski et al. 2018; 
Shemyakina et al. 2024). Nevertheless, such studies also 
have several practical challenges and methodological dis-
advantages regarding experimental control. For instance, 
the visibility of artworks or responses may be influenced 
by the presence of other visitors (see, for instance, Gul-
han et al. 2021; Szubielska & Imbir 2021), or restoration 
work may temporarily restrict access to certain areas of the 
museum. Moreover, it is often difficult, if not impossible, to 
manipulate certain variables (e.g., wall color) or to modify 
the building's layout (e.g., to assess the impact of architec-
tural elements on the aesthetic experience). Similarly, the 
arrangement of artworks cannot be changed if it has been 
determined by the curatorial design of the exhibition.

A compelling alternative could be virtual reality (VR), 
immersing participants in a setting closely resembling the 
real-world environment. VR is a technology that has increas-
ingly been employed in recent years to simulate immersive 
and realistic experiences. It offers the significant advantage 
of both providing a high degree of realism and enabling high 
control of experimental conditions, potentially combining 
the strengths of laboratory settings with those of real-world 
environments, while overcoming the limitations typically 
associated with each of them (Rodriguez-Boerwinkle et al. 
2022). An immersive VR art gallery could place individuals 
within a meaningful context, providing realistic experiences 
and faithfully translating the key features of a naturalistic 
setting into a simulated one (Kuliga et al. 2015), allowing 
the investigation of the aesthetic experience from a more 
ecological yet controlled perspective. However, to the best 
of our knowledge, only a couple of studies to date have 
addressed whether immersive VR constitutes a valid proxy 
in this regard and to what extent people’s aesthetic experi-
ences are comparable between real and immersive virtual 
contexts. One of these studies compared museum visitors’ 
gaze patterns between physical and VR settings (Gulhan et 
al. 2021). The comparison revealed no significant effect of 
the environment, indicating a similarity in visual explora-
tion patterns between the two contexts. Nonetheless, partici-
pants observed only a single installation, and the analyses 
were limited to eye movement patterns, without assessing 
or comparing the broader explicit cognitive and affective 
components of the aesthetic experience between the two 
settings. In another study, Marín-Morales and colleagues 
(2019) compared affective (i.e., valence and arousal) and 
physiological responses elicited by visiting an exhibition 

in a real-world setting versus experiencing the same exhi-
bition in an immersive virtual environment. The authors 
found no significant difference in self-reported arousal and 
valence between the two contexts for the vast majority of 
stimuli. However, subjective evaluations only focused on 
the emotional impact of each stimulus, neglecting the more 
cognitive dimension of the aesthetic experience; moreover, 
the ratings were collected only at the end of the entire visit, 
potentially introducing biases such as recency effects, pri-
macy effects, and memory distortions. To date, no study has 
systematically investigated whether both subjective explicit 
(in both its cognitive and affective components) aesthetic 
experience and implicit behavior towards art (e.g., viewing 
time) gathered in a physical setting can be considered com-
parable to the one collected in its digital twin (i.e., highly 
detailed virtual replica), by collecting evaluations in real 
time, thus capturing the unfolding of the aesthetic experi-
ence. Moreover, the few studies conducted thus far have 
employed only a limited number of artistic stimuli, with-
out examining whether phenomena typically observed in 
museum contexts occur similarly in virtual environments. 
Such phenomena include, for example, (i) the relationship 
between viewing times and aesthetic judgments – namely, 
the tendency for individuals to spend more time observ-
ing artworks they find more appealing (Brieber et al. 2014; 
Goller et al. 2019), and (ii) museum fatigue, an effect docu-
mented both in museums (Robinson 1928) and lab-based 
settings (Mikuni et al. 2022) referring to the reduction in 
attention and interest – as indexed by decreasing viewing 
times – as visitors/participants are exposed to an increas-
ing number of artworks (Bitgood 2009). Previous research 
has shown that context (museum vs laboratory) modulates 
both the relation between art experience and viewing time 
(Brieber et al. 2014) and the museum fatigue phenomenon 
(Robinson 1928), but evidence regarding the immersive vir-
tual environment is lacking.

1.1  Aims

In the present manuscript we aimed to investigate the extent 
to which users' aesthetic experiences are analogous between 
a physical context and its immersive digital twin. In two dif-
ferent sessions, participants were invited to (physically and 
virtually) visit the photograph exhibition entitled Domani, 
which brings together photographs by young artists created 
in the post-lockdown climate, as a collective reflection on 
expectations, fears, and desires for the post-pandemic era. 
The exhibition was held within the University of Milano-
Bicocca (Milano, Italy) in collaboration with the Brera 
Academy of Fine Arts (Milan, Italy). Our methodologi-
cal choices were based on Leder and colleagues’ influen-
tial theoretical model and on the predictive processing 
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from all participants. One participant also provided explicit 
informed consent for the publication of identifiable images 
in an open-access online format. Accordingly, two photo-
graphs depicting him with the experimental setup were 
taken during this participant’s sessions.

2.2  Power analysis

To determine the adequacy of the sample size to address 
Aim1 (i.e., comparing explicit aesthetic judgments between 
the physical and virtual contexts), we conducted a simu-
lation-based Bayesian power analysis. We simulated 100 
datasets, each representing a hypothetical experiment with 
24 participants. Since in our experiment each participant 
observed 37 photographs/set of photographs—each made 
by a different artist—twice (once in each context: physi-
cal and virtual), this results in a total of 24 × 37 × 2 = 1776 
observations for each dataset. As recommended by Vasishth 
and colleagues (2023) and Wang & Gelfand (2002), we 
generated prior predictive data using informative sam-
pling priors (or design priors; Schönbrodt & Wagenmakers 
2018). Sampling priors should be based on existing prior 
information and beliefs to tune the design and simulate 
the datasets; thus, we defined them relying on parameter 
estimates reported in a recent study by Specker and col-
leagues (2023a), who applied linear mixed-effects models 
to investigate the role of artwork genuineness on different 
components of art experience (i.e., arousal, valence, liking, 
interest, and understanding). To obtain some initial ballpark 
estimates for the different variance components and fixed 
effects, we extracted standard deviations associated with 
random effects and fixed intercepts across four of the five 
aesthetic outcome variables reported: arousal, valence, lik-
ing and interest (see Specker et al.’ Table S1 , Specker et al. 
2023a). We did not consider the parameters related to under-
standing, as our study did not assess this dimension. We 
averaged the standard deviations for viewer-level random 
effects (mean SD = 0.3825) and artist-level random effects 
(mean SD = 0.675) and rescaled them to a 0–100 metric by 
multiplying by 14.29, based on the difference between the 
original response scale used by Specker et al. (0–7) and the 
one used in the current study (0–100). This yielded SDs of 
approximately 5.47 for viewer-level variability and 9.65 for 
artist-level variability. The mean of the intercepts across 
these models was 4.165, which—rescaled to the 0–100 
range—led to a grand mean of 59.52, used as the intercept 
in the data-generating process. A standard deviation of 20 
was added to reflect residual (intra-individual) variability. 
So, in each simulated dataset, the dependent variable (art 
appreciation) was generated under the null hypothesis of no 
effect of context by combining i) a global mean of 59.52; 
ii) a random variation across participants (sampled from a 

framework. For these reasons, we collected explicit self-
report judgments on the cognitive-based (i.e., liking) and 
affective-based (i.e., emotional involvement) components 
of the aesthetic experience in both contexts, as well as curi-
osity. Moreover, given the critical role played by aesthetic 
experience “extension in time” (Leder & Nadal 2014), we 
also measured viewing time as an index of implicit behavior 
towards art in the real and virtual environment. Overall, this 
experimental design enabled us to achieve our primary aim 
of comparing the real and virtual contexts (Aim1) on cogni-
tive-based and affective-based explicit judgments, curiosity, 
as well as implicit measures. Then, we exploratorily investi-
gated whether phenomena usually reported during physical 
exhibitions also occur within virtual immersive environ-
ments (Aim2). More specifically, we focused on: i) the rela-
tionship between viewing times and aesthetic judgments, 
and ii) the museum fatigue. For the former, we investigated 
whether viewing times predicted art experiences (i.e., lik-
ing, curiosity, emotional involvement) and whether context 
(i.e., physical/VR) moderates such an effect. For the latter, 
we assessed whether viewing times decrease as participants 
see more photographs, and whether context moderates this 
effect. Finally, we assessed whether, one year after data col-
lection, participants rated the vividness of their memory, 
overall exhibition appreciation, and willingness to revisit 
the exhibition similarly between contexts (Aim3).

Given that we wanted to evaluate the validity of a null 
hypothesis (i.e., the absence of an effect of context), we 
adopted a Bayesian perspective, which allowed us to quan-
tify how much the data provide evidence in favor of the null 
hypothesis compared to the alternative one, overcoming 
the limits of frequentist statistics in discussing null effects 
(Wagenmakers et al. 2018).

2  Material and methods

2.1  Participants

Twenty-six art naïve subjects participated in the within-
subjects experiment. However, one of them did not join the 
second session, while another was excluded due to inappro-
priate behaviors during the real tour (i.e., he got too close to 
the works, touching them and leaving the “observation sta-
tion”), thus leaving the final sample of twenty-four subjects 
(sixteen female, mean age 23.44 ± 2.55). All the participants 
had normal or corrected to normal vision, and none reported 
a history of neurological or psychiatric disorder. The experi-
mental protocol was approved by the Ethics Committee of 
the University of Milano-Bicocca, and the study was con-
ducted in accordance with the Declaration of Helsinki. Writ-
ten informed consent for study participation was obtained 
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were asked not to scan the QR-code during the experiment. 
Employing photographs as stimuli—and not paintings or 
sculpture, for example—allowed us to explore the effect 
of context, minimizing the possible confound related to the 
“genuineness”, that is, being in front of the original work 
of art vs its reproduction (Specker et al. 2023a, b) and the 
effect of texture. Indeed, the same high-resolution digital 
images that were printed on physical supports for the real 
exhibition were used as textures of the three-dimensional 
(3D) mounts within the virtual environment. The 3D VR 
reconstruction of the hallway where the photograph exhi-
bition was displayed was developed using the Unity game 
engine (www.unity3d.com) and was designed to replicate 
physical space faithfully. We indeed measured both the cor-
ridor and the photographs' dimensions to ensure the virtual 
environment, including the artworks, was recreated with the 
same size and proportions as the physical one. Illustrative 
photographs of the physical environment and screenshots of 
the virtual one are shown in Fig. 1. The web version of the 
3D virtual environment is available at the following link: ​h​
t​t​p​​s​:​/​​/​p​l​a​​y​.​​u​n​i​​t​y​.​c​​o​m​/​​e​n​/​​g​a​m​​e​s​/​​f​e​f​5​​b​e​​e​8​-​​8​2​5​8​​-​4​9​​f​e​-​​b​a​2​​7​-​e​​
e​0​a​d​​4​d​​b​7​2​7​9​/​u​n​i​t​y​a​r​t​v​r​w​e​b. The virtual scenario was ​c​u​s​
t​o​m​i​z​e​d for Oculus Quest 2 (https://www.meta.com/), and 
the entire system was connected to the research computer 
through Meta Quest Link. In order to achieve pseudo-nat-
uralistic navigation and mitigate motion sickness, visitors 
could move within the virtual environment thanks to the 
teleport navigation (Clifton & Palmisano 2020). We config-
ured it by using the Unity XR Interaction Toolkit package.

2.4  Apparatus

Within the physical context, the entire tour was recorded 
using a GoPro camera, and the data were stored with a 
sample rate of 60  Hz. For each photograph or group of 
photographs, through a tablet, participants provided their 
aesthetic evaluations (i.e., liking, curiosity, and emotional 
involvement) on a horizontal slider ranging from 0 to 100 
(see Fig.  2a). Within the virtual context, the video of the 
visit was recorded with the Unity Recorder package with 
a sample rate of 60 Hz. Through user interfaces, using the 
controllers, participants gave their evaluations at the three 
questions on the same horizontal slider ranging from 0 to 
100 (see Fig. 2b). In both contexts, the three questions were 
presented in sequential order, and participants had to con-
firm each rating by pressing the button “send” to pass to the 
next question.

2.5  User experience (UX) measures

At the end of the virtual session, participants completed two 
questionnaires on their user and virtual experience. The first 

normal distribution with SD = 5.47); iii) a random variation 
across photographs made by different artists (sampled from 
a normal distribution with SD = 9.65); and iv) a residual 
error term. All values were truncated to fall within the possi-
ble response range of 0–100. For each dataset, we estimated 
two Bayesian linear mixed-effects models using the brms 
package (Bürkner 2017a, 2017b) in R: i) the alternative 
model, which included the fixed effect of context and by-
subjects and by-photographs random intercepts and slopes; 
ii) the null model, which excluded the fixed effect of context 
but preserved the same random structure. As suggested by 
Wang & Gelfand (2002) and Schönbrodt & Wagenmakers 
(2018), we fitted the models and computed the Bayes Factor 
(BF01) using less informative priors (i.e., fitting or analysis 
priors) to allow the data driving the inference and reduce the 
risk of biasing the results in favor of a particular hypothesis. 
The same fitting priors were also applied in the data analy-
ses. The prior distribution on the fixed effect of context was 
set to normal(0, 10). For the intercept, we used normal(50, 
20), and for random effects (subject and photograph), we 
used normal(0, 10). Both models were fitted with 4 chains, 
4000 iterations each (the warmup was of 2000 iterations), 
and adapt_delta = 0.95. The full script is available at the fol-
lowing link: https://osf.io/8fpvk/. We found that, if no effect 
of context exists (i.e., the null hypothesis is true, as simu-
lated in our datasets), a sample size of N = 24 allowed us to 
obtain moderate evidence (i.e., BF01 > 3) in favor of the null 
hypothesis in 95% of cases.

2.3  Stimuli

The stimuli were taken from the photograph exhibition 
“DOMANI. Aspettative, previsioni e desideri per l’epoca 
post-pandemica”, exposed within the University of Milano-
Bicocca spaces. The underlying theme of the exhibition was 
the tension between isolation and the return to social life, 
between intimacy and collective space, depicted with a lost 
yet hopeful gaze at the future. The exhibition was curated 
by Professor Cosmo Laera of the Brera Academy of Fine 
Arts, and it consisted of 38 artistic photographs (or sets of 
related photographs), each made by a different young art-
ist affiliated with the Brera Academy of Fine Arts (for the 
complete list of stimuli, see https://osf.io/8fpvk/). Each 
artwork comprised 1 to 9 photographs of various dimen-
sions (range: from 16 × 20.5 to 74.5 × 100 cm2), depicting 
landscapes, objects, and human figures expressing the sense 
of bewilderment but also of rebirth that followed the lock-
down due to the COVID-19 outbreak and resolution. Each 
artwork was complemented by a label with the author’s 
name, the title of the artwork, and a QR-code which links 
to the BreraBicocca website (http://www.brerabicocca.it/) 
where more information is available. However, participants 
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Ecological Validity (5 items), which relates to the credibility 
and realism of the content and the naturalness of the simu-
lated environment; and Negative Effects (6 items), which 
describes the adverse psychological reactions of exposure to 
the virtual experience (i.e., symptoms of cybersickness such 
as dizziness, eyestrain and nausea). Given that our environ-
ment did not contain characters, as suggested in the scoring 
instructions, we excluded item B23 in computing the Sense 
of Physical Space factor score.

2.6  Procedure

Each participant visited the exhibition both in the physi-
cal and virtual context (two different sessions). To avoid 
carry-over effects, the order of the conditions (physical and 
VR) was counterbalanced, and participants were pseudo-
randomly assigned to either a physical-first or a VR-first 
context. The second session occurred 4–8 days after the first 

one was the System Usability Scale (SUS) (Brooke 1996), a 
widely used ten-statement scale on the perceived usability of 
the computer system they employed for the virtual tour. For 
each statement, participants indicated their agreement on a 
five-point Likert scale ranging from 1 (“Strongly Disagree”) 
to 5 (“Strongly Agree”). The computed total score ranges 
from 0 to 100 with 2.5-point increments. The second instru-
ment was the Independent Television Commission Sense 
of Presence Inventory (ITC-SOPI) (Lessiter et al. 2001), a 
forty-four-item scale addressing the individual’s thoughts 
and feelings during and after the VR experience on a five-
points Likert scale ranging from 1 (“Strongly Disagree”) to 
5 (“Strongly Agree”). The questionnaire results in four-fac-
tor scores, each ranging from 1 to 5: Sense of Physical Space 
(19 items), which refers to the feeling of being physically 
positioned in the simulated environment; Engagement (13 
items), which provides a measure of a user’s involvement, 
interest and enjoyment with the content of the experience; 

Fig. 1  The figure shows a com-
parison between the physical 
context where the exhibition 
was set up (left) and its virtual 
reproduction (right). Regarding 
the physical setting, although 
the labels indicating the title and 
author of the artwork, as well as 
“observation stations”, were not 
yet in place when the photos were 
taken, they were present during 
data collection. The same applies 
to the “observation stations” in 
the virtual environment
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navigation, following a pre-specified pathway, is something 
that may occur (with looser constraints) in the museum con-
text as well, where curators carefully select where and how 
to position artworks, creating structured routes that contrib-
ute to conveying the exhibition's overarching meaning. In 
any event, we decided to keep the viewing distance and the 
order of artworks presentation fixed for all participants in 
both contexts to prevent any impact of these factors on our 
results. In light of empirical evidence for the relationship 
between viewing distance and aesthetic experience (Carbon 
2017, 2020; Pelowski et al. 2017a, b), we wanted to ensure 
that this element was controlled by design. The time spent 
viewing each photograph/set of photographs was calculated 
post-hoc from the records obtained through a GoPro cam-
era, positioned on the participants' heads with a suitable 
harness (see Fig. 2a for an illustration of the experimental 
set-up). The use of the GoPro also allowed us to control 
that participants actually observed artworks before provid-
ing their aesthetic evaluations. They were indeed instructed 
to observe the works of art for as long as they wished and, 
when they felt satisfied, to provide on a slider their rat-
ings on liking, curiosity, and emotional involvement (i.e., 
How much do you like the artwork? How curious are you 
about the artwork? How much does the artwork emotion-
ally involve you?) by using a tablet. The judgments were 
given for each artwork (that could be composed by a single 
photograph or by a set of related photographs made by the 
same artist) before moving to the next observation station. 
Supplementary Video S1 provides a clearer example of how 
the visit and the collection of aesthetic evaluations took 
place within the physical context.

On the day of the virtual session, for each participant, 
before starting with the virtual tour of the exhibition, the 
vertical distance from the floor to the participant's eyes was 
measured by using a measuring tape. This value was sub-
sequently input into Unity to configure the height of the 
main camera within the XR Rig relative to the ground. This 
adjustment ensured that the participants’ virtual height and 
point of view within the teleportation anchors accurately 
corresponded to their own in the physical context. In this 
way, the visual angle with which the participants observed 
the photographs was the same between the two contexts. 
Within the virtual environment, participants observed the 
artworks in the same order as in the physical context and 
could move through teleportation. Teleportation anchors 
were placed at the equivalent of 1.3 m from the wall and in 
correspondence with the center of each photographic work, 
delineating “observation stations” (as in the physical con-
text). Also in this case, participants could observe each work 
within the “observation stations” without any time limita-
tions. When they felt satisfied, they pressed a button on the 
controller: by doing so, the questions and sliders appeared 

one, and mainly within the same time slot. In both condi-
tions, participants could explore the photographic exhibi-
tion following a pre-established path. This choice, often 
adopted in previous studies comparing museum vs labora-
tory aesthetic experiences (Brieber et al. 2014; Brieber et al. 
2015a, b; Szubielska et al. 2021; Szubielska & Imbir 2021) 
ensured that all participants viewed the artworks in the same 
fixed order in both environments. In the physical context, 
the pursuable path was outlined by placing adhesive tape 
on the floor: in correspondence with the center of each pho-
tograph/set of photographs, we delineated an “observation 
station” with tape, which was placed 1.30 m away from the 
wall where the artworks were hung. We chose that distance 
because it allowed participants to observe the details of both 
large and small-sized artworks comfortably. Participants 
had to visit the exhibition lingering within the “observation 
stations”, while they could observe the artworks without 
time restrictions. We recognize that these methodological 
choices may limit the overall ecological validity of the expe-
rience, as participants were not free to move within the exhi-
bition; however, we would also like to highlight that guided 

Fig. 2  The figure shows the experimental setup and user interface for 
providing ratings in the physical a. and virtual b. contexts. Explicit 
informed consent was obtained from the participant for taking and 
publishing these identifying images
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programming language Stan. Moreover, by adopting this 
method, it becomes easier to avoid convergence issues that 
often arise in the estimation of mixed-effect models when 
using frequentist methods. By relying on Hamiltonian 
Monte Carlo (Duane et al. 1987; Neal 2011) and its exten-
sion, the No-U-Turn Sampler (NUTS) (Hoffman & Gel-
man 2014), these algorithms converge much more quickly 
than frequentist mixed models estimated through maximum 
likelihood optimization (Hoffman & Gelman 2014). In our 
analyses, even when specifying the maximal random-effects 
structure supported by the data, we did not encounter con-
vergence problems (i.e., all Rhat values were lower than 
1.01). The scripts and the corresponding data are avail-
able at the following link: https://osf.io/8fpvk/. Subjects 
and photographs were included as random-effect variables, 
adopting the most complex random-effect structure and esti-
mating both the random intercept and the random slopes in 
all models’ parameters. More details of the specific models 
tested in each analysis are provided below.

Although participants observed 38 artworks, all the anal-
yses were performed on a total of 37 photographs (or sets 
of photographs), each realized by a different artist. The first 
photograph was indeed excluded from the analyses since 
it was employed as training for participants, to show them 
how to provide the evaluations (especially for the virtual 
context), and to correctly position the GoPro in a way it 
was possible to clearly distinguish – analyzing post hoc the 
recordings– when the participants were looking at the pic-
tures and when at the tablet.

In both contexts, viewing times were operationalized for 
each photograph as the time effectively spent by the individ-
ual in observing the artwork before providing an evaluation. 
To compute them, we used the VSDC Free Video Editor 
software. We imported the videos recorded from the GoPro 
(physical context) and the Unity Recorder (virtual context) 
and analyzed them frame by frame, calculating the effec-
tive fixation duration from the moment participants entered 
the observation stations and started watching the images to 
the moment they looked away from the artworks to provide 
their evaluations on the tablet or with the user interface.

We removed from the analyses trials (1.24%) in which it 
was unclear whether participants were looking at the stimuli 
(e.g., because they were adjusting their headset).

2.7.1  Analysis 1

First of all, we wanted to evaluate whether art apprecia-
tion, as measured by explicit ratings, and implicit behavior 
towards art were comparable between physical and virtual 
contexts. So, for each dependent variable of interest (i.e., 
liking, curiosity, emotional involvement, and viewing time), 
the BF was computed by comparing the alternative model 

on the scene, and they could provide their explicit judg-
ments. See Supplementary Video S2 for an example.

At the end of the virtual tour, participants indicated how 
often they visit art exhibitions, and they completed two 
questionnaires (i.e., the SUS and ITC-SOPI) on their user 
experience in the virtual environment.

One year after participating in the experiment, we con-
tacted the participants again and asked them to answer the 
following questions on a scale from 1 to 10: i) How vivid is 
your memory of visiting the exhibition in the physical/vir-
tual context? ii) How much did you like the exhibition over-
all in the physical/virtual context? iii) How much would you 
like to visit the exhibition again in the physical/virtual con-
text? Twenty-one out of twenty-four individuals responded.

2.7  Data analysis

Our primary aim was to evaluate whether explicit aesthetic 
responses (i.e., liking, curiosity, and emotional involve-
ment) and viewing time were comparable between the 
physical and virtual context (Aim1, analysis 1). Then, we 
exploratorily investigated whether phenomena that are usu-
ally reported within the museum context (i.e., the museum 
fatigue and the relationship between fixation times and aes-
thetic appreciation) also occurred in our study in both con-
texts (Aim2, analysis 2). Finally, we assessed whether, one 
year after the experience, participants rated the vividness of 
their memory, their overall appreciation of the exhibition, 
and their willingness to revisit it similarly between contexts 
(Aim 3, Analysis 3). While for the third analysis we per-
formed Bayesian paired-sample t-tests, we performed linear 
mixed effects model analyses to address the first two aims 
and support scientific considerations on the need to employ 
statistical models that appropriately take into account the 
variance due to both viewers and artworks (Specker 2025; 
Specker et al. 2023a); this statistical approach follows what 
suggested by theoretical models, which assume that art expe-
rience emerges as an interaction between artwork’s features 
and the beholder (Leder et al. 2004; Leder & Nadal 2014; 
Pelowski et al. 2017a, b). Yet, as we wanted to evaluate the 
strength of evidence in favor of the null hypothesis (i.e., the 
absence of difference between physical and virtual contexts) 
on art experience, we employed a Bayesian approach. The 
rationale is to consider the Bayes Factor (BF01) a statistical 
metric that quantifies the strength of evidence that the data 
provides in favor of the null hypothesis relative to the alterna-
tive one: a BF01 higher than 3 indicates substantial evidence 
supporting the null hypothesis, whereas a BF01 lower than 
0.3 indicates substantial evidence in favor of the alterna-
tive hypothesis (Jarosz & Wiley 2014). All Bayesian linear 
mixed-model analyses were performed using the R pack-
age brms (Bürkner 2017b, a), which use the probabilistic 
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distribution, and the BF was computed by comparing the 
alternative model (M1) with a null model (M0), which was 
equal to M1 but without the effect of interest – the interac-
tion between viewing times and context – thus with just the 
main effects. Also for analysis 2 we performed an additional 
robustness check, assessing whether the order of sessions 
(ViewingOrder) biased the results. So, we compared the 
best-supported model with another model (M2) in which we 
included the main effect of ViewingOrder and its interac-
tions as additional fixed effects.

M1: DV ~ 1 + Context + ViewingTime + 
Context:ViewingTime + (1 + ViewingTime + Context + 
Context:ViewingTime | Subject) + (1 + ViewingTime + 
Context + Context:ViewingTime | Photograph)
M0: DV ~ 1 + Context + ViewingTime + (1 + View-
ingTime + Context + Context:ViewingTime | Subject) + 
(1 + ViewingTime + Context + Context:ViewingTime | 
Photograph)
M2: DV ~ 1 + Context * ViewingTime * ViewingOrder 
+ (1 + ViewingTime + Context + Context:ViewingTime 
| Subject) + (1 + ViewingTime + Context + 
Context:ViewingTime | Photograph)

Where DV were, in separate analyses, judgments on liking, 
curiosity, and emotional involvement.

Then, to evaluate whether there are differences in the 
museum fatigue phenomena between contexts, we per-
formed an analysis with viewing times as the dependent 
variable, photograph number, context and their interaction 
as fixed effects. We implied a log-normal model, setting 
weakly informative priors for the fixed effect regression 
coefficients (i.e., normal(0,0.5)) and the intercept prior (i.e., 
normal(2.55, 0.8). Weakly informative priors were also set 
for the random effects (i.e., normal(0,1)). The BF was com-
puted by comparing the alternative model (M1) with a null 
model (M0), which was equal to M1 but without the effect of 
interest, that is, the interaction between photograph number 
and context. We then compared the best-supported model 
with another model (M2) in which we included the main 
effect of ViewingOrder and its interactions as additional 
fixed effects.

M1: ViewingTime ~ 1 + Context + PhotographNumber 
+ Context:PhotographNumber + (1 + Context + Pho-
tographNumber + Context:PhotographNumber | Sub-
ject) + (1 + Context | Photograph)
M0: ViewingTime ~ 1 + Context + Photograph-
Number + (1 + Context + PhotographNumber + 
Context:PhotographNumber | Subject) + (1 + Context 
| Photograph).

(M1) with the null model (M0), which was identical to M1 
except for the fixed effect of context, that was excluded to 
estimate the evidence in favor of the absence of an effect 
of context on the different dimensions of art appreciation 
and implicit behavior. As an additional robustness check, 
to assess whether the order of sessions (ViewingOrder: 
Physical-first vs VR-first) biased the main results, we com-
pared the best-supported model from the primary analyses 
with another model (M2) in which we included the main 
effects of ViewingOrder, Context, and their interaction as 
additional fixed effects.

M1: DV ~ 1 + Context + (1 + Context | Subject) + (1 + 
Context | Photograph)
M0: DV ~ 1 + (1 + Context | Subject) + (1 + Context | 
Photograph)
M2: DV ~ 1 + Context * ViewingOrder + (1 + Context | 
Subject) + (1 + Context | Photograph)

Where DV were, in separate analyses, judgments on liking, 
curiosity, emotional involvement, and viewing time.

Concerning the analyses on explicit measures, we implied 
student distribution. A weakly informative prior was set for 
the fixed effect of context (i.e., normal(0,10)) and the inter-
cept prior (i.e., normal(50,20)). Weakly informative priors 
were also set for the random effects (i.e., normal(0,10)). 
Concerning viewing times, we implied a log-normal model 
(see, for example, Specker et al. 2023a), thus setting the 
parameters on the log scale. A weakly informative prior was 
set for the fixed effect of context (i.e., normal(0,0.5)) and 
the intercept prior (i.e., normal(2.55, 0.8). Weakly informa-
tive priors were also set for the random effects (i.e., nor-
mal(0,1)). The choices for the intercept and random effects 
priors were informed by existing literature, which reports 
median fixation times between 11 and 21 s, a mode of 10 s 
and a considerable variability across subjects (Smith & 
Smith 2001; Smith et al. 2017; Specker et al. 2023a; Tröndle 
& Tschacher 2012).

2.7.2  Analysis 2

To exploratorily examine whether viewing times predict art 
appreciation differently (or not) between physical and vir-
tual contexts, we conducted three different Bayesian linear 
mixed effects models analyses with art experience ratings 
(i.e., liking, curiosity and emotional involvement) as depen-
dent variables and viewing times, context, and their interac-
tion as fixed effects. Weakly informative priors were set for 
the fixed effects regression coefficients (i.e., normal(0,10)) 
and the intercept prior (i.e., normal(50,20)). Weakly infor-
mative priors were also set for the random effects (i.e., 
normal(0,10)). In these analyses, we implied a student 
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against the effect of context, order of sessions (Viewing-
Order) and their interaction on liking ratings.

Curiosity. Concerning M1, the results showed an effect 
of context, suggesting we can be 95% confident of lower 
ratings within the virtual context compared to the physi-
cal one (95%CI from − 5.13 to − 0.11). The BF01 was 0.96, 
indicating that evidence in favor of M1 remains anecdotal, 
requiring caution in interpreting these results. However, the 
Bayes factor indicated strong evidence in favor of M2 over 
M1 (BF12 = 0.09, that is, the data are about 11 times more 
likely under M2 than under M1), suggesting that a model 
that also includes the order of viewing and its interaction 
with context can better explain the data. Indeed, the results 
of M2 showed that, additionally to a main effect of context 
(95%CI from − 8.50 to − 2.45), we can be 95% confident 
of a context by order of viewing interaction (95%CI from 
1.98 to 10.79, see Fig.  3b). Post-hoc comparisons were 
extracted using the emmeans package, and results indicate 
that, after having first observed the artworks in the physical 
context, during the second session (i.e., in VR) participants 
show less curiosity (95% highest posterior density intervals 
from 2.43 to 8.48). Such a decline in curiosity ratings was 
not present in participants who visited the exhibition first in 
VR (95% highest posterior density intervals from − 4.28 to 
2.40). Importantly, this was not associated with a general 
between-group difference, because the 95% credible inter-
val around the estimate of the main effect of order of view-
ing included the 0 (95%CI from -10.85 to 9.51).

Emotional involvement. Concerning M1, the 95% cred-
ible interval around the estimate of the effect of context 

M2: ViewingTime ~ 1 + Context * PhotographNumber 
* ViewingOrder + (1 + Context + PhotographNumber + 
Context:PhotographNumber | Subject) + (1 + Context +| 
Photograph)

2.7.3  Analysis 3

To exploratorily investigate whether participants rated simi-
larly between physical and virtual contexts: i) the vividness 
of their memory, ii) their overall appreciation of the exhibi-
tion, and iii) their willingness to revisit it, we performed 
three separate Bayesian paired-sample t-tests using the 
default Cauchy(0, 0.707) prior distribution.

3  Results

3.1  Analysis 1

Liking. Concerning M1, the 95% credible interval around 
the estimate of the effect of context included the 0 (95%CI 
from -2.44 to 2.23), indicating that liking evaluations did 
not differ between contexts (see Fig.  3a). The BF01 was 
equal to 8.18, suggesting that the observed data were more 
than 8 times more likely to occur under M0, thus providing 
moderate evidence in favor of the null hypothesis (i.e., no 
effect of context on liking ratings). Moreover, the data were 
more than 23 times more likely to occur under the M0 com-
pared with the M2 (BF02 = 23.11), providing strong evidence 

Fig. 3  The figure shows the results of Bayesian linear mixed-model 
analyses (Aim1) including Liking a., Curiosity b., Emotional Involve-
ment c. and Viewing Times d. as dependent variables. Judgments were 

provided on a slider (see Fig.  2) ranging from 0 to 100. Error bars 
represent the 95% credible intervals
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the 95% credible interval around the estimate of the effect 
of context (95%CI from − 0.45 to 0.00), order of viewing 
(95%CI from − 0.02 to 0.81) and their interaction (95%CI 
from − 0.09 to 0.58) included the 0.

3.2  Analysis 2

We found that viewing times predicted liking and curios-
ity. We can be 95% confident that, for each unit (second)-
increase in viewing times, the liking judgments increase of 
a value between 0.20 and 1.00, and the curiosity judgments 
of a value between 0.31 and 1.21. Instead, concerning the 
emotional involvement, the 95% credible interval around 
the estimate of the effect of viewing times included the 0 
(95%CI from − 0.05 to 0.61), suggesting viewing times had 
no effect on judgments on the emotional component of aes-
thetic experience.

Concerning the viewing times by context interaction, no 
effect emerged in any of the three analyses, indicating that 
the context does not seem to moderate this effect (Fig. 4a, 
4b, 4c). Indeed, the observed data were strongly more likely 
to occur under M0, that is, the model that did not include 
the interaction, than the model that included it, for liking 
(BF01 = 32.63), curiosity (BF01 = 199.58), and emotional 
involvement (BF01 = 25.56). Data were also extremely 
more likely under the M0 compared with the M2 for liking 
(BF02 = 236,174.5), curiosity (BF01 = 294,267.5), and emo-
tional involvement (BF01 = 208,308.3).

Furthermore, people tended to observe photographs for 
shorter times as they progressed through the exhibition and 
saw more artworks, confirming the museum fatigue phenom-
enon. We can be 95% confident that viewing times, on a log 
scale, decrease by a value between − 0.0162 and − 0.0009 
(that is, a reduction between 1.6% and 0.1%) for each new 
photograph seen. Such a decline in viewing times was not 
likely to be different between physical and virtual contexts 
(see Fig. 4d). Indeed, the results showed extreme evidence 
(BF01 = 121.66) for the model M0 that did not include the 
photograph number by context interaction than the model 
that included it, as well as for the M0 compared with the M2 
(BF02 = 77,285.54).

3.3  Analysis 3

Vividness of memory. The Bayes factor (BF01 = 4.25) showed 
moderate evidence in favor of the null hypothesis (95%CI 
from − 0.45 to 0.34), suggesting that participants’ evalua-
tions on vividness of memory about the visit did not differ 
between physical and virtual contexts (see Fig. 5a).

Overall appreciation. The 95% credible interval around 
the estimate of the effect of context included the 0 (95%CI 
from − 0.18 to 0.64), suggesting no differences between 

included the 0 (95%CI from -2.62 to 1.92), highlighting that 
evaluations did not differ between contexts (see Fig.  3c). 
The BF01 was 7.81, indicating moderate evidence in favor 
of M0, that is, that data were more likely to occur under 
the null hypothesis of no effect of context compared to the 
alternative one. Moreover, the data were more than 27 times 
more likely to occur under the M0 compared with the M2 
(BF02 = 27.07), providing strong evidence against the effect 
of context, order of sessions and their interaction on emo-
tional involvement ratings.

Viewing times. Concerning M1, the 95% credible inter-
val around the estimate of the effect of context included the 
0 (95%CI from − 0.31 to 0.07), suggesting no differences 
between physical and virtual exhibition (see Fig. 3d). How-
ever, the strength of evidence in favor of the null hypoth-
esis remained at an anecdotal level (BF01 = 2.05), requiring 
caution in interpreting these results. Even if data were less 
likely under the M0 compared with the M2 (BF02 = 0.73), the 
strength of evidence in favor of M2 remained anecdotal and 

Fig. 4  The figure shows the results of the Bayesian linear mixed-model 
analyses (Aim2) examining the interaction effect between View-
ing Times and Context on Liking (a.), Curiosity (b.), and Emotional 
Involvement (c.), indicating evidence in favor of the absence of a sig-
nificant role of the factor Context in moderating the results. The figure 
also shows the results indicating the absence of an interaction effect 
between Photograph Number and Context on Viewing Times (d.), sug-
gesting that the so-called museum fatigue effect can be replicated in 
virtual reality. Error bars represent the 95% credible intervals
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comparable experiences between VR and real-world con-
texts (see, for example, Green et al. 2025). Moreover, on 
average, participants gave good usability (i.e., SUS) ratings 
(median = 80 out of 100; mean = 80.1; SD = 10.97, range 
from 50 to 95), since both the median and mean values 
align with the standard benchmark score of 80 used to mark 
above average system usability (Lewis 2018). Regarding 
the frequencies with which participants visit art exhibitions, 
13 participants (54.16% of our sample) declared to visit 
them almost never (less than twice a year), 8 participants 
(33.33%) sometimes (three/four times a year), 2 participants 
(8.33%) often (more than once a month), and one partici-
pant (4.1%) on average once a month.

4  Discussion

The extent to which the aesthetic experience fostered within 
immersive virtual environments truly mirrors that evoked 
by the direct encounter with physical exhibitions was so 
far an open issue. We aimed to fill this gap by evaluating 
whether explicit aesthetic responses (i.e., liking, curiosity, 
and emotional involvement) and viewing times are compa-
rable between visiting a physical exhibition and its virtual 
counterpart in an immersive environment. We also explored 
whether phenomena such as museum fatigue and the rela-
tionship between viewing time and aesthetic responses occur 
both during virtual and physical visits, and we evaluated 

physical and virtual exhibition on the overall appreciation 
of the exhibition (see Fig. 5b). However, the strength of evi-
dence in favor of the null hypothesis remained at an anec-
dotal level (BF01 = 2.36), requiring caution in interpreting 
these results.

Willingness to revisit the exhibition. The Bayes factor 
(BF01 = 3.92) showed moderate evidence in favor of the 
null hypothesis (95%CI from − 0.30 to 0.50), suggesting 
that participants’ evaluations on willingness to visit again 
the exhibition did not differ between physical and virtual 
contexts (see Fig. 5c).

3.4  Questionnaires

Descriptive statistics of the four scales of the ITC-SOPI 
and the SUS are shown in Table 1. Concerning ITC-SOPI 
questionnaire, on average, participants gave ratings that 
fall within the typical range reported in studies revealing 

Table 1  The table shows the descriptive statistics of the scores given 
by the participants in each of the four scales of the Independent Tele-
vision Commission Sense of Presence Inventory (ITC-SOPI) and the 
System Usability Scale (SUS)

Min Max Median Mean SD
Spatial presence (ITC-SOPI) 2.44 4.28 3.14 3.21 0.44
Engagement (ITC-SOPI) 2.92 4.38 3.73 3.71 0.36
Ecological validity (ITC-SOPI) 2.6 4.8 4.1 3.98 0.60
Negative effects (ITC-SOPI) 1 3.83 1.75 1.93 0.76
SUS 50 95 80 80.10 10.97

Fig. 5  The figure shows the results of the Bayesian paired sample t-test (Aim3) on Vividness of memory (a), Overall Appreciation (b), and Will-
ingness to revisit the exhibition (c). Judgments were provided on a scale ranging from 0 to 10. Error bars represent the 95% credible intervals
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maintained a high level of curiosity due to the possibility 
of gathering additional perceptual/visual details (e.g., small 
details difficult to discern in VR) and textual information 
(like labels with the artwork’s title that may not be clearly 
legible in VR) to achieve a greater understanding. On the 
other hand, those who have already gathered this informa-
tion during the first visit in the physical space might have 
less to discover (and to understand) on their second visit (in 
VR), losing curiosity in the images. Even if this is a specu-
lative interpretation, further studies will be needed in the 
future to clarify this result. Future studies should also take 
into account understanding ratings.

Finally, viewing times did not appear to differ between 
the two contexts, although the evidence supporting the 
absence of a difference remained anecdotal and requires 
further studies before being conclusively established.

Regarding our second aim, our results provided strong 
evidence against the moderation effect of context on cer-
tain phenomena related to the art experience. Specifically, 
we found that in both the physical and virtual contexts i) 
visitors tended to observe artworks for progressively shorter 
durations as they moved through the exhibition, replicat-
ing the effect defined as museum fatigue by previous stud-
ies (Bitgood 2009), and ii) viewing times predicted some 
explicit judgments (i.e., liking and curiosity) related to the 
aesthetic experience. It is worth noting that previous stud-
ies exploring the link between art appreciation and fixation 
times focused on the more cognitive dimensions, such as 
liking, interest, ambiguity, and understanding, overlooking 
the emotional ones (Brieber et al. 2014). Our results repli-
cate these findings on the link between viewing times and 
the cognitive components of the aesthetic experience (i.e., 
liking), while the emotional one seems to be less influenced 
by the participants’ looking behavior, an effect that may 
be worth further exploring in future research. At the same 
time, we acknowledge that longer viewing times may reflect 
attempts to resolve interpretive uncertainty (coherently, we 
found a positive relationship between curiosity and viewing 
times). Future studies should therefore include understand-
ing measures to better disentangle the respective contribu-
tions of appreciation-related responses and meaning-making 
difficulty to viewing behavior.

Finally, we found evidence of no difference between the 
two environments in terms of vividness of memory of the 
visit one year after the experience and willingness to revisit 
the exhibition.

In an era increasingly defined by the transformative pos-
sibilities of emerging technologies (Anwar et al. 2025), 
these findings, even if preliminary, could have profound 
implications on both scientific and cultural levels.

From a scientific standpoint, VR could represent a pow-
erful tool that could overcome the inherent limitations of 

whether, one year after the experience, participants’ ratings 
on the vividness of their memory, their overall exhibition 
appreciation, and their willingness to visit again the exhibi-
tion were similar between physical and virtual contexts. To 
address these questions, we employed a Bayesian approach 
in data analysis, which allows for quantifying support for 
one model over an alternative one and thus possibly provid-
ing evidence in favor of the null hypothesis, that is, in the 
context of the present experiment, of similar results between 
aesthetic experience taking place in the virtual and physical 
space.

Regarding explicit judgments, our results provided 
moderate evidence supporting the absence of a difference 
between physical and virtual contexts in terms of liking and 
emotional involvement. Concerning curiosity, instead, the 
physical context seemed to lead to greater curiosity toward 
artistic photographs compared to the virtual one. This effect, 
however, was influenced by the order of viewing (i.e., 
whether participants started from the physical or the virtual 
exhibition): after having first encountered the artworks in 
the physical context, during the second session (i.e., in VR) 
participants showed less curiosity towards the photographs. 
Such a decline in curiosity was not present in participants 
who visited the exhibition first in VR. These findings are 
consistent with a previous study, in which participants, hav-
ing encountered the artworks in the museum a week before, 
found the laboratory experience less interesting (Brieber 
et al. 2015a, b). In this regard, it is important to acknowl-
edge that, in our experiment, unlike the physical context, 
the labels displaying the title of the artwork and the artist's 
name in the virtual context were not clearly legible. Previ-
ous literature suggests that, for non-experts in contempo-
rary art, the presence or absence of minimally informative 
labels (which only provide the title of the artwork) may not 
affect levels of liking or emotional responses to contempo-
rary art (Leder et al. 2006; Szubielska et al. 2021; Szubiel-
ska & Imbir 2021), nor influence interest ratings (Gerger 
& Leder 2015), but rather impact understanding (Leder et 
al. 2006). So, these findings underscore that even mini-
mal information conveyed by labels can serve as a tool for 
achieving a greater understanding and reducing uncertainty. 
Furthermore, some participants reported that, for smaller 
artworks, certain details in the photographs within the vir-
tual context were not always clearly distinguishable. These 
aspects may explain part of the differences in curiosity judg-
ments. According to the predictive processing framework, 
curiosity increases when subjects implicitly expect that, 
by gaining more information, artworks can become more 
understandable (Frascaroli et al. 2024; Van de Cruys et al. 
2024). Therefore, it could be possible that individuals who 
visited the VR environment first and then encountered the 
artworks a second time in the physical context may have 
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5  Limitations and future directions

While further studies with larger samples are needed, our 
findings provide initial evidence supporting the comparabil-
ity of the aesthetic experience between a physical environ-
ment and its immersive virtual counterpart. Nevertheless, 
we recognize that our study presents some constraints and 
limitations, which limit the generalizability of the findings. 
First, it is worth keeping in mind that our physical context 
was not a museum or an art gallery. The physical space of 
the museum itself embodies culturally relevant factors, cre-
ating an optimal context for experiencing art that fosters an 
“aesthetic attitude” (Cupchik & László, 1992). This effect 
is known as the white cube effect, referring to the fact that 
a museum setting can transform any ordinary object into an 
art object that warrants aesthetic consideration (Leder et al. 
2004). Previous research has also discussed the potential of 
an inverse white cube effect, particularly in relation to artis-
tic photographs (Brieber et al. 2015a, b): artworks displayed 
in an unconventional physical context can, in turn, elevate 
that space into a museum (Brieber et al. 2015a, b). This 
effect may have made our participants feel like they were 
in a gallery. In any case, future studies should compare the 
aesthetic experience of visiting an exhibition in a physical 
museum/gallery with its virtual counterpart.

Moreover, to isolate the effect of context (physical vs vir-
tual) while avoiding possible confounds related to the tex-
ture and materiality information conveyed by the pieces of 
art, our study employed photographic artworks as stimuli. 
Photographs, being two-dimensional, are easier to render in 
VR compared to paintings (especially those with impasto) 
and sculptures. Future studies are thus necessary to under-
stand how transferable the results are to different artistic 
stimuli, where the material elements (materials used, sup-
ports, brushstrokes) could play a fundamental role.

Furthermore, in the attempt to increase control over 
the experimental design, we acknowledge that some of 
our choices may have reduced the ecological aspect of the 
experience. To be considered a fully ecological experience, 
participants should be able to freely explore the exhibition 
in time and space (Carbon 2017, 2019, 2020). This means 
allowing participants to observe artworks for as long as they 
wish, enabling them to move within the exhibition space 
without constraints. It implies, among other things, allowing 
them to return to the same artwork multiple times, as well as 
to move closer or further away from the works themselves. 
Instead, in our experiment, we constrained participants to 
follow a pre-established path during both the physical and 
virtual tours, thereby limiting the effective freedom of the 
experience. Future studies could allow participants to expe-
rience and visit the virtual and physical exhibition in a truly 
free way, investigating whether explorative behaviors are 

traditional laboratory settings (Kuliga et al. 2015), offer-
ing the possibility of studying the psychological processes 
involved in aesthetic experiences from a more ecologi-
cally valid perspective and within a controlled environ-
ment. Moreover, VR opens up methodological possibilities, 
enabling investigating the effect of variables that are oth-
erwise unfeasible to manipulate in the real world, while 
overcoming practical challenges that often limit research in 
physical settings.

On a cultural level, the implications of these results 
could be equally significant. In recent years, there has been 
a growing push to leverage digital technologies to preserve 
and promote cultural heritage (Bekele et al. 2018). Events 
such as the fire at Notre-Dame Cathedral in Paris, coupled 
with the COVID-19 pandemic and war conflicts, have cata-
lyzed reflection on the urgent need to digitally safeguard 
cultural landmarks and ensure their virtual accessibility to a 
global audience, breaking down physical, geographical, and 
generational barriers while promoting its implementation in 
educational, tourism, and creative sectors (see ​h​t​t​p​​s​:​/​​/​d​i​g​​i​
t​​a​l​-​​s​t​r​a​​t​e​g​​y​.​e​​c​.​e​​u​r​o​​p​a​.​e​​u​/​​e​n​/​​n​e​w​s​​/​c​o​​m​m​i​​s​s​i​​o​n​-​​p​r​o​p​​o​s​​e​s​-​​c​o​
m​m​​o​n​-​​e​u​r​​o​p​e​​a​n​-​​d​a​t​a​​-​s​​p​a​c​e​-​c​u​l​t​u​r​a​l​-​h​e​r​i​t​a​g​e). The ​d​i​g​i​t​i​z​
a​t​i​o​n of cultural heritage is on the European agenda, with 
precise European Commission’s recommendations to the 
Members State and several Horizon Europe funding calls in 
2023, 2024 and 2025 (European Commission: Directorate-
General for Research and Innovation 2022, 2024). More and 
more cultural institutions are embracing this digital shift by 
offering virtual exhibitions and online tours to make their 
collections more accessible. The digitization of art and cul-
tural sites has gained momentum in recent years and is set 
to become an increasingly prevalent way of experiencing 
and engaging art in the future, complementing traditional 
methods and broadening the scope of access for global 
audiences. For all these reasons, we think investigating the 
extent to which the aesthetic experience fostered by immer-
sive virtual environments can truly replicate the encounter 
with physical art exhibitions is of great interest. Address-
ing this question is crucial for realizing the full potential of 
VR in the cultural sector: it is essential to evaluate whether 
shifting the medium through which we experience art and 
culture alters the quality or certain aspects of that experi-
ence. By understanding these potential differences, we can 
help curators and institutions design virtual exhibitions that 
not only mirror physical ones but are also tailored to the 
unique attributes of virtual environments, ensuring that 
these digital platforms offer experiences as rich as their 
physical counterparts.
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