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Abstract: Currently, immersive virtual environments (IVE) are widely used in fields such as architec-
ture and environmental psychology. These simulated environments allow for a detailed evaluation of
how different designs impact users’ perception and interaction with the built environment, under
controlled conditions and without incurring high costs. The validity of these IVEs is related to their
capacity to evoke a participant’s response similar to that of the space they are simulating. This
paper presents a validation study of a virtual classroom with two phases: the analysis of the sense
of presence in the generated IVE and the comparison of the psychological and neurophysiological
response of subjects in the two environments (physical vs. IVE). The psychological response cap-
tures cognitive processes via the performance of attention and memory tasks. The physiological
response records the subject’s activity monitored via electroencephalogram, electrocardiogram, and
electrodermal activity. The results showed that the psychological and physiological responses in both
environments (physical vs. IVE) were similar. This may be of interest to architecture researchers and
professionals as they validate IVE systems as tools to study the effects of the built environment on
users’ cognitive responses.

Keywords: virtual reality; immersive virtual environment; classroom design; attention; neuro-architecture

1. Introduction

Immersive virtual environments (IVEs) are virtual reality environmental simulations
reproduced using systems highly isolated from the physical environment; this isolation
makes their users perceive they are not synthetic [1]. Their virtuality and accessibility [2] al-
low them to generate simulated spaces that can be dynamically altered based on their users’
responses [3]. This can be achieved under controlled conditions and in very environmen-
tally [4] and economically sustainable ways [5]. This makes them powerful tools to assess
users’ responses to a variety of stimuli not easily controllable in physical environments [6].

Very different domains have taken advantage of these capabilities. Above all, those in
which the user’s interaction with his/her environment is important, such as medicine [7],
product design [8], environmental design [9], and education [10]. Architectural design is no
exception; IVEs allow researchers to investigate the responses of users to different design
alternatives and, thus, facilitate decision making. Many studies have used these tools to
incorporate users’ responses into architectural research [11–13].

Within the architectural field, the potential of applying the IVE to the design of spaces
with different uses stands out [14–16]. In fieldwork, researchers often face challenges in
modifying spaces to represent study variables or selecting diverse spaces to capture variable
conditions. Both approaches have drawbacks; the first is costly and time-consuming, while
the second may encounter methodological issues related to applying ceteris paribus logic.
This logic involves identical designs with differing variables, necessitating a large sample
of spaces. However, these limitations are overcome using IVEs. Furthermore, because of

Appl. Sci. 2024, 14, 232. https://doi.org/10.3390/app14010232 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app14010232
https://doi.org/10.3390/app14010232
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-1870-2388
https://orcid.org/0000-0003-2749-6248
https://doi.org/10.3390/app14010232
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14010232?type=check_update&version=1


Appl. Sci. 2024, 14, 232 2 of 13

their level of experimental control, IVEs have been used to enhance attention in the absence
of unexpected distractors [17], and it has been suggested that IVEs could improve the
validity of measurements and treatments [18]. In fact, many studies have validated teach-
ing IVEs for the assessment and rehabilitation of attention deficit hyperactivity disorder
(ADHD) [6,19–22].

The advantages of IVE for research into architectural spaces are more evident for
certain variables such as their geometry. However, more studies have analysed, for example,
environmental variables such as temperature, air quality, acoustics, and lighting [23]. The
complexity of modifying the geometry of physical spaces has had the consequence that
it has been examined to a lesser extent [24], although several architectural studies have
emphasised the importance of volume and, specifically, ceiling design [25].

Furthermore, IVEs are compatible with the simultaneous application of various physi-
ological measurement devices to record users’ responses to simulated spaces. Thus, several
physiological measures can contribute to the study of performance in teaching spaces.
For example, electroencephalograms (EEG) [26,27], heart rate variability (HRV) [28], and
electrodermal activity (EDA) [29] have proven effective in evaluating attention. Some
authors have even suggested, given their greater experimental control, that the results
of physiologically evaluating users with IVEs are more rigorous than those achieved in
physical settings [18].

However, the application of immersive virtual environment (IVE) systems requires a
critical evaluation of their validity. The question arises as to how closely simulations resem-
ble the physical environments they seek to recreate. Numerous studies have addressed this
issue via comparing the responses of subjects to simulated settings with their responses to
physical settings.

In general, equivalence has been discovered in various types of settings for different
psychological responses. For instance, self-report measures in a conference center [30]
exhibited few statistically significant discrepancies between the ratings of the real and
virtual buildings based on quantitative data. Similarly, studies conducted in offices [31,32]
revealed no significant differences in the performance of tasks performed by participants
between well-lit and dimly-lit conditions in both physical and IVE environments. Equiva-
lence has also been observed in studies examining the estimation of dimensions in generic
rooms [33] and in the biophilic hypothesis [34], which concluded that exposure to natural
elements in IVE reduced negative mood to the same extent as exposure to natural elements
in situ with a comparative study. However, the same effect was not observed for the tests
of positive affect, visual working memory, and stress level. These findings suggest that
virtual environments can be a valuable tool for psychological research, as they can provide
a similar experience to that of physical environments.

Additionally, other studies have generated physiological responses in subjects that
are similar to those obtained in corresponding physical environments [3]. For example,
an investigation of an art museum [35] that utilised an electroencephalogram (EEG) and
heart rate variability (HRV) analysed the psychophysiological patterns induced during
the unguided exploration of the virtual and physical museums. The results indicated that
IVEs are effective tools for evoking emotions, as most stimuli did not elicit significant
differences in the affective statements reported by subjects compared to those evoked
in physical environments. Other studies have employed electrodermal activity (EDA)
and heart rate variability (HRV) in commercial settings [36]. These authors compared
the psychological and physiological responses induced by simulated environments with
those of a physical environment. The analysis showed that 360◦ panoramas provided
the most similar-to-reality results according to the participants’ psychological responses,
while virtual reality offered the closest resemblance to the physical environment based on
physiological responses. Correlations were also observed between the sense of presence and
both physiological and psychological responses. The participants’ pleasure was predicted
using EDA phasic and the sense of presence using nHF-HRV. Furthermore, it is essential
that IVEs are capable of inducing a high level of sense of presence in subjects [37]: that is,
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the extent to which a medium can create seemingly accurate representations of real-world
objects, events, and individuals [38]. In conclusion, the validity of IVEs indicates that they
are tools that provide results that can be applied to physical environments.

This study aims to compare the real and virtual environments via examining the
psychological and physiological responses of participants. The goal is to establish the
validity of immersive virtual environments (IVEs) for use in architecture and environmental
psychology research. A classroom was selected as the IVE environment due to its activation
of critical cognitive functions such as attention and memory and its relevance to architects
and designers for potential design interventions.

2. Materials and Methods

The methodology consisted of a field study for the comparison of the simulated
environment in two phases. In Phase I, the feeling of presence generated in the IVE was
measured. Phase II was carried out in a physical classroom and in a laboratory. In this
phase, the psychological responses (performance in an attention task and in a memory
task) and neurophysiological responses (EEG, HRV, and EDA metrics) generated in a real
university classroom and its IVE replica were compared. The IVE obtained as a result of
the comparison is valid for use in architecture and environmental psychology studies to
modify design conditions in a controlled and cost-effective manner. Figure 1 shows the
general methodological outline.
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Figure 1. General outline of the methodology.

2.1. Participants

This study had 52 participants (50% men and 50% women) with an average age of
23.06 years (σ = 3.392). Inclusion and exclusion criteria were established for recruitment.
The inclusion criteria were: (1) being a university student; (2) being Spanish (to avoid
possible cultural effects); and (3) being between 18 and 23 years old (the most common age
range among university students in Spain). The exclusion criteria were: (1) having vision
problems that were not corrected with contact lenses (to avoid the problems that glasses
would cause in the IVE displays); (2) having formal education in art or fine art, having
previous experience with virtual reality; and (3) having consumed performance-altering
substances (such as caffeine) in the previous 24 h. All participants were recruited using a
public announcement on the Polytechnic University of Valencia campus. None dropped
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out of the experiment during its course. Table 1 shows the general sequence that the
participants followed.

Table 1. General experimental sequence.

CONCEPT TIME
(MINUTES)

Pr
ep

ar
at

io
n

PARTICIPANT INITIATION
Reception, basic instructions, signing of consent form, and
fitting of physiological recording devices.

≈10

TEST SCENARIO
Viewing a test scenario, to adjust the environmental
simulation device and acclimatise the participant.

≈2

Pr
e-

ex
pe

ri
m

en
t BASELINE

Eyes open and eyes closed.
3

(1.5 + 1.5)

GENERAL INSTRUCTIONS
“You will first hear some audio material. Then you will see yourself
in a space. Imagine that it is a university classroom in which you
are taking a class. Look at it for 90 s. Thereafter, you will complete a
series of tasks and a demographic questionnaire.”.

≈1

C
la

ss
ro

om
Ex

pe
ri

m
en

t

PREPARATION AUDIO
Relaxing audio to reduce fatigue before repetition of
the sequence.

1

CLASSROOM EXPERIMENT
Physical classroom and its replica.
Metrics: physiological recordings (EEG-C3-Beta,
EEG-F3-Highbeta, HRV-HF, and EDA-Phasic).

1

PSYCHOLOGICAL ATTENTION TASK
“You will now hear a series of sounds. You must react as soon as
possible to a specific stimulus with a single mouse click and avoid
doing so with others. The stimulus you should react to is this
[sound 1] and the stimuli that you should ignore are [sound 2,
sound 3, sound 4, sound 5]”.
Metrics: psychological task (Task-Time, Task-Errors).

4

PSYCHOLOGICAL MEMORY TASK
“You will hear a series of words. Try to remember them. You will be
asked to repeat the words, in any order, within 30 s. You should do
this 3 times”.
Metrics: psychological task (Memory-Correct answers).

4

EVALUATION OF THE VIRTUAL CLASSROOM
EXPERIMENT
Metrics: psychological questionnaire (SUS-Total)

≈1

Po
st

-
ex

pe
ri

m
en

t DEMOGRAPHIC QUESTIONNAIRE
Demographic questionnaire ≈1

PARTICIPANT EXIT PROTOCOL
Retrieval of the devices, accompany participant to the exit ≈5

TOTAL (Physical classroom/IVE replica) ≈33

2.2. Stimuli

The IVE virtual replica of a representative physical classroom was taken as the base
stimulus. Specifically, a classroom in the Higher Technical School of Building Engineering
(ETSIE) at the Polytechnic University of Valencia. The classroom has dimensions of 16.50 m
in length, 8.50 m in width, and 3.40 m in height. This results in a space with sufficient
capacity for 96 students, seated at 4-seat tables arranged in 8 rows and 3 columns. All
lighting is artificial (with 45 panels of 4 fluorescent tubes each) with no windows or
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transparent doors. Half of the participants took part in the physical classroom experiment
and half of them viewed the replica IVE. Figure 2 shows the comparison between the
two “classrooms”.
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2.3. Environmental Simulation Set-Ups

The participants experienced the replica IVE via visual environmental simulations.
Some aspects related to the development and the experiences of the simulations should be
highlighted.

The simulations were developed via a process of modelling and rendering. The
modelling was carried out using Rhinoceros (v.5.0), and the virtual implementation was
undertaken using Unity3D (v5.6).

The HTC Vive device was used in the experiment. This is a head-mounted display (HMD)
produced by HTC and Valve (www.vive.com). It has a resolution of 1080 × 1200 pixels per
eye (2160 × 1200 in total), with a field of view of 110◦ and a refresh rate of 90 Hz. Figure 3
shows participants taking part in the experiment.
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2.4. Data Analysis

The research protocol and the compilation-synchronization of the recordings were
carried out using iMotions software (v.6.1). Psychological and physiological data were
recorded for all participants, and they completed a basic demographic questionnaire.

The focus of the psychological data was on quantifying cognitive performance (atten-
tion and memory) and sense of presence.

Psychological attention task. The task was to react as soon as possible to a specific
auditory stimulus (target) with a mouse click and avoid clicking the mouse when four other
auditory stimuli were presented (distractors); the task is similar to the auditory continuous
performance test [39]. The task was configured with 20% object stimuli (8 objects and
32 distractors); the minimum time between stimuli was 800 ms and the maximum was
1600 ms. The participants had 750 ms to react to the stimuli; the number of errors made
(that is, reactions slower than the time limit or made to distractors) and reaction times were
recorded (Task-Time and Task-Errors, respectively).

www.vive.com
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Psychological memory task. The psychological memory task involved a structured
exercise that bore resemblance to the experimental setup of the Deese, Roediger, and Mc-
Dermott (DRM) paradigm experiments [40]. Within this task, participants were instructed
to commit to memory sets of words that were connected to a broader concept but were
not directly presented as explicit words themselves. This memory exercise comprised a
list of 15 words, and the retention performance was observed to be comparable to findings
of previous research [41]. The presentation of the word lists was delivered orally with the
utilization of Loquendo TTS 7 (www.loquendo.com). Each participant was tasked with
listening to the provided word lists and subsequently repeating them accurately within a
designated time frame of no more than 30 s before progressing to the subsequent word set.
Each subject performed 3 memory tasks for each scenario (real and virtual), so 6 counterbal-
anced lists were chosen. After the test, the number of words that subjects remembered was
quantified and corrected for the recall rate reported [41] for each word (Memory-Correct
answers metric).

Presence. Sense of presence is the illusion of “being there” [42] in an environmental
simulation. To quantify sense of presence, the participants completed the SUS (after the
surname of its authors Slater, Usoh, and Steed; for further information see [43]) question-
naire. The questionnaire consists of six items, which assesses the user’s impression of three
facets of the simulated environment: the participant’s immersion; the realism of the spatial
experience; and the degree to which it is remembered as a space. The items are valued
using a Likert-type scale from 1 to 7. The sum of the six questionnaire items (SUS-Total)
was quantified.

Physiological data. These focused on quantifying complementary aspects related to
the attention process. The metrics were based on EEG, HRV, and EDA recordings.

Electroencephalogram (EEG). EEGs measure variations in the electrical activity of the
surface of the scalp [44]. In the present study, two metrics were calculated: the relative
power (to reduce data variability between subjects; [45]) of the beta band (13–30 Hz) of the
C3 electrode, which is associated with increased attention [46,47]; and the high-beta band
(21–30 Hz), which is associated with alertness [48], specifically of electrode F3, since the left
prefrontal lobe has concentration and working memory among its functions [49]. The means
(EEG-C3-Beta and EEG-F3-Highbeta, respectively) were quantified during each experiment.
The recordings were made using the b-Alert X10 device (www.advancedbrainmonitoring.
com). The raw signal, sampled at 256 Hz, was pre-processed and analysed using the
EEGLAB toolbox [50] via Matlab (v.2016a).

Heart rate variability (HRV). HRV measures variations in the intervals between heart-
beats [51]. The present study analysed frequency to identify the high frequency, or HF,
(0.04–0.15 Hz) of the signal, which is related to activation of the parasympathetic system [52]
and attentional control [53]. The mean (HRV-HF) was quantified during each experiment.
The recordings were, again, made using the b-Alert x10 device. The raw signal, sampled
at 256 Hz, was pre-processed and analysed using the HRVAS toolbox (v.2014-03-21), via
Matlab (v.2012a).

Electrodermal activity (EDA). EDA measures variations in the sweating of the skin [54].
The present study identified the phasic component of the signal, which is related to the
sympathetic system [55] and attention paid to stimuli [56]. The mean (EDA-Phasic) was
quantified during each experiment. The signal was recorded using the Shimmer 3GSR+
device (www.shimmersensing.com). The raw signal was pre-processed and analysed using
Ledalab (v.3.4.8), via Matlab (v.2016a).

The physiological metrics were all normalised based on the values obtained for the
baselines (M(n)PVCH#x = (MPVCH#x − |MPVCH#BASELINE|)/SDPVCH#BASELINE).

2.5. Statistical Analysis

Statistical analyses were carried out on the anonymised database (Table 2). IBM SPSS
v.26.0 was used.

www.loquendo.com
www.advancedbrainmonitoring.com
www.advancedbrainmonitoring.com
www.shimmersensing.com
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Table 2. Statistical treatments.

ANALYSIS AND DATA USED STATISTICAL TREATMENT EXPECTED RESULT

Phase 1. Analysis of level of sense of presence.
SUS-Total. Descriptive analysis of means. Sufficient level of presence.

Phase 2. Analysis of the similarity of the physical
experiments and the IVEs, based on attention
and memory performance and
physiological responses.

• Task-Time.
• Task-Errors.
• Memory-Correct answers.
• EEG-C3-Beta.
• EEG-F3-Highbeta.
• HRV-HF.
• EDA-Phasic.

ANOVA or Mann–Whitney test,
depending on data distribution.

Significant differences depending
on the experimental condition
(Physical vs. IVE).

3. Results

The statistical analysis of the data produced the following results.

3.1. Phase 1: Analysis of Level of Sense of Presence

The average levels of the sense of presence per participant (based on the SUS question-
naire) for the environmental simulation were obtained. It consists of six items, which are
rated on a Likert scale from 1 (completely disagree) to 7 (completely agree). Taken together,
the six items address three aspects of the sense of presence: being inside the simulation;
regarding the simulation as real; and remembering the simulation as a place.

Table 3 presents a comprehensive overview of the average scores and standard devia-
tions derived from the SUS questionnaire for each individual item.

Table 3. Means and standard deviations provided by the SUS questionnaire for each item.

Item Mean (Standard Deviation)

1. I had a sense of “being there” in the classroom space. 5.33 (1.365)

2. There were times during the experience when the
classroom space was the reality for me. 5.00 (1.168)

3. The classroom space seems to me to be like
somewhere that I visited before. 5.20 (1.618)

4. During the experience you felt you were in the
classroom space. 4.73 (1.543)

5. I think the classroom space as a place similar to
other places that I’ve been today. 4.07 (1.789)

6. During the experience I often thought that I was
really in the classroom space. 5.27 (1.711)

The average of the set of items is 4.93 out of 7. The highest rated item (5.33) is “I had a
sense of “being there” in the classroom space”, and, on the other hand, the lowest rated
item (4.07) is “I think of the classroom space as a place similar to other places that I’ve
been today”.

The mean value of the SUS-Total was 29.6. Taking into account the results obtained by
studies that used similar technologies [57], the IVE was considered satisfactory.

3.2. Phase 2: Analysis of the Similarity between the Physical Experiment and the IVE

The statistical treatment for this analysis depends on the normality of data for each
variable. The Kolmogorov–Smirnov (K–S) test was used to assess the normality of the data.
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As the Task-Time variable follows a normal distribution (K–S test, p > 0.05), an ANOVA
was applied. Due to the non-normality of data for the other variables (K–S test, p < 0.05),
the Mann–Whitney test was used. The effect sizes were reported with partial eta squared
(η2

p). The results show that there were no significant differences in cognitive performance
and physiological response. Tables 4 and 5 present the results of the statistical analysis,
showing the test statistic value and the obtained p-value.

Table 4. Statistical differences in attention and memory performance.

ATTENTION PERFORMANCE

Mean F p η2
p

Task-Time Physical
IVE

437.72
448.51 0.825 0.367 0.009

Mean Rank U p η2
p

Task-Errors Physical
IVE

36.00
36.77 575 0.878 0.004

MEMORY PERFORMANCE

Mean Rank U p η2
p

Task-Memory-
answers

Physical
IVE

29.86
26.60 279 0.514 0.009

Table 5. Statistical differences in physiological response.

NEUROPHYSIOLOGICAL RESPONSES

Mean Rank U p η2
p

EEG-C3-Beta Physical
IVE

33.00
28.59 377 0.332 0.009

EEG-F3-Highbeta Physical
IVE

25.50
31.10 312 0.200 0.012

HRV-HF Physical
IVE

24.22
29.13 281 0.250 0.020

EDA-Phasic Physical
IVE

18.93
19.04 160 0.975 0.006

4. Discussion

This paper analyses the validity of IVE in terms of its capacity to evoke a similar
(psychological and physiological) response to that generated by physical space. A classroom
is selected as the IVE environment since it is a space in which important cognitive processes
are activated, such as attention and memory, and it is a space of interest for architects and
designers due to its potential design interventions. In general, IVEs can help architects
make better design decisions. They can provide a more comprehensive understanding of
physical environments, human interaction, and user needs. This seamless integration of
technology not only empowers architects but also fosters effective communication between
clients and design professionals, ultimately contributing to the refinement and optimization
of architectural projects.

This study validates the use of IVEs as effective tools for visualizing environments
that act as stimuli in studies related to environmental psychology and architecture. These
virtual environments not only allow for a precise and detailed representation of different
spaces, but they also make it possible to collect the simultaneous responses of subjects
related to their interaction and perception of these environments.

With a validated IVE, researchers could analyse a wide range of design configurations
in a controlled and relatively low-cost manner. This is especially advantageous as it pro-
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vides the opportunity to explore diverse environmental and architectural design variables
without the inherent restrictions of experimentation in real-world physical spaces. This
advance represents an important milestone in this field, as until now most studies that
have analysed the impact of classroom design variables on student performance have been
conducted primarily in conventional physical environments [15,58]. However, these stimuli
have certain limitations that could affect the accuracy and breadth of the results obtained.

Despite the power of these visualization tools, there is a scarcity of studies that compare
human responses in real and IVEs [3,30,32], especially in relation to psychophysiological
responses; these studies are necessary.

This study proposes an experimental protocol to compare a real and virtual envi-
ronment via collecting psychological and physiological responses in combination with
the sense of presence, based on the visualization of an IVE scenario in head-mounted
displays (HMD).

Three issues stand out from this experimental protocol. Firstly, it is essential to
measure the physiological response, as cognitive-emotional states are characterised by
both psychological and physiological responses [59]. It should be noted that although
several works have studied the use of IVE systems in the assessment of subjects’ cognitive
performance [17,22,60], there are fewer studies that have analysed IVE and physiological
responses, such as EEG, HRV, and EDA [61–63].

Secondly, it is important that IVEs can generate a high level of sense of presence in
subjects [11,37]. Although this system is questioned in terms of its reliability and inability
to provide real-time information [64], it plays an important role in studies on environmental
psychology and architecture. It is a fast and low-cost system that allows for the validation of
multiple design configurations, which is hardly achievable with real vs. virtual comparison.
Thus, there would be a dual validation system: initially, the starting scenario is validated
using real vs. virtual comparison, and subsequently, each design configuration, hardly
transferable to physical space, is validated using the presence test.

Thirdly, the utilised support, the HMDs, is crucial. These provide fully immersive
systems that isolate the user from stimuli in the external world. Additionally, some studies
demonstrate that emotional content enhances the sense of presence in an IVE [65], and that,
when exposed to the same content, the self-reported intensity of emotion is significantly
higher in immersive environments than in non-immersive ones [66]. Therefore, IVEs,
which showcase 360◦ panoramas or 3D scenarios using an HMD [67], are powerful tools
for psychological research.

Finally, in relation to the limitations of this study, it is worth noting that there is
currently a wide range of HMDs available on the market. Some of these HMDs, with
more limited capabilities, such as resolution, field of view, and refresh rate, may provide
lower levels of accuracy. This suggests that their use should be undertaken with caution.
However, the ongoing advances in HMD technology suggest that this problem will be
overcome in the near future. This study also presents as a limitation the choice of only
one point of view within the classroom (the center of the second row of tables). This could
have included a position-related effect. An experimental approach with different positions
could have reduced this effect, but it would have required a larger sample of participants.
Another limitation of this study is that the subjects of the experiment were all university
students. Therefore, the results are limited to this specific demographic group. Given
that the demographic characteristics of the subjects could affect their previous experience
and adaptability to HMDs and their resulting responses, additional experiments would be
needed to generalise the findings of this study to other demographic groups.

5. Conclusions

The results of this study provide strong support for the use of IVEs as tools for research,
training, and education. IVEs offer a number of advantages over traditional methods, such
as their ability to provide a precise and detailed representation of environments, their
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ability to collect data on subjects’ interaction and perception of these environments, and
their ability to be used to create immersive and engaging experiences.

Furthermore, the practical potential of IVEs makes them versatile and suitable tools
for the study and design of classrooms, aiming to enhance student’ attention and mem-
ory performance. Their ability to simulate educational contexts in an immersive and
realistic manner provides researchers and professionals with an invaluable tool to better
understand the factors influencing attention memory and learning in educational settings.
Consequently, the results of this study can directly benefit those involved in the design and
planning of educational centers, providing them with fundamental insights to optimise the
layout and design of classrooms. Likewise, they can be highly valuable for researchers ded-
icated to studying the physiological bases of how physical spaces affect students’ attention,
memory, and cognitive performance.
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