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Abstract
While virtual reality (VR) has been explored in the field of architecture, its implications on people who experience their
future office space in such a way has not been extensively studied. In this explorative study, we are interested in how VR and
other representation methods support users in projecting themselves into their future office space and how this might influence their willingness to relocate. In order to compare VR with other representations, we used (i) standard paper based floor
plans and renders of the future building (as used by architects to present their creations to stakeholders), (ii) a highly-detailed
virtual environment of the same building experienced on a computer monitor (desktop condition), and (iii) the same environment experienced on a head mounted display (VR condition). Participants were randomly assigned to conditions and were
instructed to freely explore their representation method for up to 15 min without any restrictions or tasks given. The results
show, that compared to other representation methods, VR significantly differed for the sense of presence, user experience
and engagement, and that these measures are correlated for this condition only. In virtual environments, users were observed
looking at the views through the windows, spent time on terraces between trees, explored the surroundings, and even “took
a walk” to work. Nevertheless, the results show that representation method influences the exploration of the future building
as users in VR spent significantly more time exploring the environment, and provided more positive comments about the
building compared to users in either desktop or paper conditions. We show that VR representation used in our explorative
study increased users’ capability to imagine future scenarios involving their future office spaces, better supported them in
projecting themselves into these spaces, and positively affected their attitude towards relocating.
Keywords Immersive VR environments · User engagement · Sense of presence · User experience · Job relocation

1 Introduction
The collaboration between people from the fields of architectural design, building construction, and various other stakeholders such as investors and future occupants is pivotal for
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the successful completion of construction projects. However,
communication failures and misunderstandings can easily
compromise such projects. In recent decades, computational
technologies such as building information modelling (BIM)
have been used to assist the construction industry (Azhar
2011; NBS 2016). BIM is defined as the “use of a shared
digital representation of a built asset to facilitate design,
construction and operation processes to form a reliable basis
for decisions” (ISO 2018).
Although not strictly necessary (Leon 2014), a BIM process can run throughout the entire life cycle of a construction project from the early conceptual design phase well into
the time when the building structure is already in use. The
conceptual design phase (activities of function formulation,
concept generation, concept organisation, concept evaluation, and concept improvement) is a very important stage
in the entire process in order to bring everyone on board to
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understand all the future implications of the finished project (Meng et al. 2020). However, when it comes to future
office buildings, the number of studies involving future occupants in the conceptual design phase is scarce (some notable
examples include (Westerdahl 2006; Frost and Peter 2000)).
This is despite the fact that job relocation is one of the most
stressful events people face and an employee’s willingness
to relocate depends on several factors including, amongst
others, their perceptions and attitudes (Szpunar 2010).
Currently, the most commonly used formats of representation in the conceptual design phase are two-dimensional
sketches and computer-aided design (CAD) models (NBS
2016). One of the biggest challenges of this phase is to
clearly convey ideas in three dimensions (3D) through
two-dimensional (2D) sketches and drawings. While professionals are used to mentally translating allocentric 1 to
egocentric views (Kuliga and James 2020), it can be hard
for someone outside the design world, to fully grasp the real
implications of allocentric representations presented during
pre-occupancy evaluation – i.e. before the building is constructed (Frost and Peter 2000). Therefore, the representation used in the conceptual design phase has a significant
impact on and defines the efficiency of the information sharing, understanding of the architectural design, the overall
quality of the design process, and the final outcome (Acock
1985). Virtual reality (VR) has consistently been shown to
be efficient in pre-occupancy evaluation (Bassanino et al.
2010; Chandrasegaran 2013; Frost and Peter 2000; Westerdahl 2006; Kuliga and James 2020).
One of the significant features of VR environments is
their ability to facilitate the sense of presence (Schwind et al.
2019; Benyon et al. 2014; Sanchez-Vives and Slater 2005;
Witmer and Singer 1998) – the feeling of being or operating in a place by projecting oneself into that space while
being physically present in another location (Banos 2004;
Regenbrecht et al. 1998). VR thus supports users in gaining
a critical perspective of 3D virtual models by experiencing
the sensation of moving around the space, understanding
its composition, viewing details from various angles (alloand egocentric), and reacting accordingly, to shape the next
steps of construction projects. Most commonly, moving is
achieved either by walking or teleporting. Compared to the
latter, walking delivers a more immersive experience (Slater
et al. 1995; Usoh et al. 1999), reduces cognitive load (Zanbaka 2005) and VR sickness (Llorach et al. 2014; Jaeger and
Mourant 2001). While teleporting is considered risk free
(especially in confined physical spaces), and it reduces the
possibility of VR sickness (Keshavarz et al. 2015), it lacks

1
For the purpose of this work we use the term allocentric view as
one which is a top-down view of an object, such as a map (Kuliga and
James 2020; Cartillier et al. 2021; Dey et al. 2014).
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optical flow, which lowers the sense of presence (Bowman
et al. 1997), and may cause spatial disorientation (Bowman
et al. 1997; Bakker et al. 2003).
With current advancements in VR technologies, many
architectural studios and construction companies have
extended their conventional 2D technical drawings into 3D
immersive environments (Dajana 2019). It has been shown,
that the use of immersive VR environments in the design
and construction industry facilitates better visual perception,
and forms conditions for collaborative decision-making and
problem-solving in the conceptual design phase (Dunston
et al. 2011; Frost and Peter 2000). Nevertheless, there is little
known about how such representation of the office space or
the involvement of future occupants in the process, affects
their capability to project themselves into the future office
space and willingness to relocate. Thus, the research questions that led our study are:
RQ1
How does the representation method influence the
projection of participants into their future office space
in aspects such as, their engagement (RQ1a), sense of
presence (RQ1b), and user experience (RQ1c)?
RQ2
How does the representation method influence the
perception of and imagining oneself in the future office
space?
RQ3
Are there any correlations between the participants’
engagement, sense of presence, and user experience of
the functional space, and can observing them together
better support the results obtained?
In order to answer these questions we teamed up with the
InnoRenew Centre of Excellence (CoE) institute that was in
the initial phase of the construction process of a new office
building for researchers and administrators. We developed
three different representation methods: (i) the conventional
paper-based 2D floor plans and rendered images of the
future building (paper condition), (ii) a virtual environment
experienced on a computer monitor with the highly-detailed
3D representation of the future building (desktop condition),
and (iii) the same environment experienced with a headmounted display (HMD) (VR condition). In particular, this
explorative study aimed to answer our research questions
by analysing the patterns of exploration, user engagement,
and by analysing questionnaires for the sense of presence
and user experience.
The main contributions of this article are: (i) an explorative study of how future occupants project themselves into
their future office space based on the representation method
of the virtual building (paper, desktop, VR), (ii) how this
influences their attitudes towards the building and moving,
and (iii) a comprehensive analysis of variables including
user engagement, sense of presence, user experience as well
as correlations between them in the context of (i) and (ii).
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The next section covers the research background on
VR in architecture, the engagement and sense of presence
within VR, and job relocation. Section 3 describes the
research method with three different conditions (paper,
desktop and VR), participants and the study procedure.
The results section (5) is followed by discussion (4) and
conclusion (6).

2 Research background
VR in architecture and construction provides the conditions
for greater collaboration among stakeholders (Bassanino
et al. 2010; Berg and Vance 2017; Fernando et al. 2013),
allows more solid design decisions, and supports identification of the design and development issues that might not be
identified efficiently in conventional ways (Bassanino et al.
2010; Dunston et al. 2011; Frost and Peter 2000). In addition, VR can provide designers and researchers with reliable
user behaviour during human-building interactions (Bassanino et al. 2010; Kuliga and Thrash 2015; Heydarian et al.
2014), and can enhance safety training (Xie et al. 2006) by
providing high levels of immersion that can optimise the
learning process (Faas 2014). With the use of VR, both the
cost and time spent on decision-making by building physical mock-ups used in the design review process can also
be significantly reduced (Majumdar et al. 2006; Juan et al.
2018). Overall, VR provides users with a realistic perception
of the design (Fernando et al. 2013) as well as the ability to
“simulate the experience of moving through and interacting
with the virtual world as if it was real” (Bassanino et al.
2010, p. 3).
Most of the studies of VR in architecture and construction focused on cognitive or affective aspects separately
(e.g. (Berg and Vance 2017)), and used either simple abstract
representations of space (non highly realistic) or environments based on semi-immersive projections (Schnabel and
Kvan 2003; Westerdahl 2006; Ruddle et al. 1999). Related
works to ours include a comparison between VR and a real
building (Westerdahl 2006) and desktop and VR (Ruddle
et al. 1999). The former study revealed that VR supports the
decision-making process about the future workplace. The
latter study showed that users in VR moved quicker and
had a more accurate sense of relative straight-line distance.
However, these works did not focus on how representation
methods helped future occupants project themselves into the
future office space.
We took the engagement, sense of presence, and user
experience as the measures of projecting oneself into a
future office space. We present these measures in the following subsections together with the related work on job
relocation, stress and projecting oneself into the future.

2.1 User engagement
User engagement has been defined and studied in several
contexts (Semiha 2019; Fredricks et al. 2011; Topu and
Goktas 2019; Schaufeli 2013; Pierce et al. 2017). It is a
dynamic, complex and multi-dimensional process (Schaufeli
2013; Pierce et al. 2017; Topu and Goktas 2019) composed
of (intertwined) users’ internal indicators such as feelings
(affective dimension), thinking, reasoning, learning, etc.
(cognitive dimension), and observable actions such as performing various activities, interacting with a system, navigating, exploring, etc. (behavioural dimension) (Appleton
et al. 2008).
Kearsley and Shneiderman have stressed that engagement can be obtained without technology, but technology opens up novel possibilities that are hard to achieve
in real life (Kearsley and Shneiderman 1998). Accordingly, research in this area has explored engagement with
images (Frantzidis 2010), video clips (Murugappan et al.
2008; Yazdani et al. 2009), music (Takahashi and Akinori
2003; Koelstra 2012), and real-life scenarios (Katsis 2008;
Weber 2019). With the advancement and availability of VR
technologies, this medium has also been used and evaluated
in a number of studies as a means of presenting emotional
stimuli (Moghimi 2016; Violante et al. 2019; Birenboim
2019; Cebeci et al. 2019).
One of the foci of our first research question (RQ1a) is
How does the representation method of users’ future office
space influence participants’ engagement? Previous work
has shown that when studied separately, affective, cognitive
and behavioural dimensions affect user engagement in different contexts (Pierce et al. 2017), and that studied together
they affect the engagement in an educational context (Topu
and Goktas 2019). There is a lack of studies of these three
dimensions studied together in the architectural design comparing different representation methods. We hypothesise that
the method of representation will affect all dimensions of
user engagement of future occupants while projecting themselves into their future office space.

2.2 Sense of presence and user experience
User Experience describes the subjective, holistic, situated
sentiments of users towards a service, software or product
in use (Marc 2010; ISO 2010). It thus includes a person’s
perception, emotion, cognition, motivation and behaviour
– aspects that are inter-playing with the context of use (the
place, time (before, during and after an interaction), people, and other objects) (idem). This understanding of user
experience has expanded beyond the realm of human-computer interaction (HCI) and it is also used in architectural
design (Krukar et al. 2016). HCI evaluation methods have
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been for example implemented to find functional deficiencies in buildings as products (Christoph 2006).
Recent user experience models divide user experience
into two dimensions: pragmatic, that includes the objective properties of the service, software or product in use,
and hedonic properties, that describe users’ perception of
these (Law et al. 2007). In the past decade both dimensions
have been measured with questionnaires such as the popular UEQ (Schrepp et al. 2017; Schrepp 2019). It has been
suggested that user experience in VR is affected also by the
sense of presence (Steuer 1992) and the evidence supports
a relation between the two (Busch et al. 2014; Brade 2017).
The sense of presence can be described as the feeling of
being present or immersed in a given setting upon the perception of it (Gifford 2007; Steuer 1992; Witmer and Singer
1998).
It’s the immersion in VR enabled by stereoscopy, wide
field of view, and a high degree of interactivity that facilitates a higher sense of presence (Dunston et al. 2011;
Castronovo et al. 2013). Furthermore, since the human
perception process is driven on inputs from different sensors (Gifford 2007; Steuer 1992), the more detailed the interface of the immersive environment, the more likely it is to
enable a higher sense of presence (Bertol 1996). In an architectural setting, VR can be considered as the medium that
enables users to explore the insides and outsides of a future
building through its virtual 3D representation (Steuer 1992).
The importance of sense of presence as an outcome of
immersive 3D VR environments has been highlighted in
existing literature (Barfield and Weghorst 1993; Witmer and
Singer 1998), and multiple questionnaires to measure it have
been suggested (Witmer and Singer 1998; Mel et al. 1998;
Usoh et al. 1999; Usoh and Catena 2000). The questionnaires used today have been carefully designed and refined
over more than two decades. However, the use of questionnaires alone might not be enough to identify differences
between the sense of presence in various representation
methods (Mel et al. 1998; Slater and Martin 1993), as the
sense of presence appears to be affected by a combination
of environmental and personal factors (Witmer and Singer
1998).
Despite existing research on the user experience and sense
of presence in 3D VR environments, there are still gaps in
the knowledge (Renner et al. 2013). Several studies have
focused on finding differences and similarities in (measuring) the sense of presence in VR and the real world (Westerdahl 2006). It has been confirmed that despite receiving
different stimuli from VR and the physical surroundings,
VR can still increase the sense of presence as users can filter
information and focus by using selective attention (Witmer
and Singer 1998; Pashler 1999). The comparison between
playing a game on a flat display and a head-mounted display
also demonstrated that there is a difference in experiencing
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the space and the perceived degrees of the sense of presence between the two (Federica et al. 2019). Nevertheless,
immersive gaming presents a complex task-based activity,
while the focus of this study is on a free-style exploration of
the environment. Differences in sense of presence between
desktop and VR have also been found in education (Makransky et al. 2019; Zhao et al. 2020).
The second and third foci of our first research question
(RQ1b and RQ1c) is How does the representation method
of the model of their future office space influence the participants’ sense of presence and user experience in it? Based
on previous studies we expect that the more immersive the
environment, the better the user experience, and higher the
degree of the sense of presence.

2.3 Job relocation
Job relocation has been mostly studied in the context of individual employees and is often associated with stress (Martin
2000), characterised by changes in physical environment,
daily routines and social circles. The willingness to relocate
depends on familial or background factors (single-earner
marriage), personal factors or perceptions and attitudes
(relocation and normative beliefs, self-efficacy, relocation
policy satisfaction, organisational commitments and desire
for career progress), spouse attitudes (willingness to relocate
and relocation policy satisfaction), social factors (disruption
of social contacts, social support), organisational factors (job
characteristics) and others (Eby Lillian and Russell 2000;
Luo and Cooper 1990; Maike and Margenfeld 2015). It is
thus not surprising that relocation is often faced with resistance (Eby Lillian and Russell 2000).
When it comes to company relocation the studies are more
scarce (Sagie et al. 2001). Relocation preparation (Robin
1999) as well as involvement of all employees (Chevi 2018)
can simplify the relocation and reduce resistance. As mentioned, when a company is building new premises one of
the possibilities is to involve employees by letting them participate from the design process onward and experience the
building upfront. Involving users in the design process can
help them project themselves into the future.
Projecting oneself into the future is a vibrant research area
(see (Klein 2013) for a comprehensive review) also known
by other terms such as future-oriented mental time travel or
episodic future thought. It is the ability to imagine and simulate personal events that may potentially take place (Szpunar
2010). Recent studies have shown that past experiences are
closely related to the ability of imagining one’s future (Szpunar 2010; Schacter 2012). It is thus expected that exploring different representation methods with the same level of
details but with different degrees of immersion will variously affect the experience and thus provide a different basis
for imagining one’s future. We hypothesise that the more
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Fig. 1  Scenes from the Innorenew CoE building 3D environment

immersive the experience, the easier it will be for the future
occupants to imagine how moving will affect them.

3 Research method
In order to investigate our research questions, we teamed up
with architects and investors working on the future InnoRennew CoE2 headquarters. The management of the institute
agreed to participate in the development of the virtual experience and the explorative study, which happened in the final
stages of the design process when high-fidelity mock-ups of
the actual building were expected. This section describes the
study conditions, study procedure, participants’ sampling,
data collection and how it was analysed.

3.1 Study conditions
We created three different conditions, each employing a different representation method of the future office space: (i) a
paper based folder with 2D floor plans and rendered figures
of the future office – paper condition, (ii) a 3D virtual experience presented on a regular computer monitor – desktop
condition, and (iii) the same 3D virtual experience presented
on the head-mounted display (HMD) – VR condition.
For the virtual experience, we used the 3D model of the
building created by the architects using Autodesk 3ds Max,
and developed it into a 3D virtual environment using the
Unity 3D game engine. During the entire process we worked
together with architects who provided their input on different aspects of the experience in order to make it as close as
possible to how they envisioned it. Some of the scenes of
the virtual experience are visible in Fig. 1. The building is
four stories high (referred to as ground floor and floor 1 to
3) with floors connected by an internal staircase. Besides
allowing the exploration of building interiors, the experience
also allowed outdoor exploration up to 50 metres away from
2

Fig. 2  Teleport points in the virtual environment

the entrance side of the building and up to 5 metres around
other sides.
Desktop and VR conditions differed only in rendering
type (non-stereoscopic vs. stereoscopic), navigational device
(computer mouse vs. HTC controller), and display type
(Tobii pro spectrum 24-inch computer monitor vs. HMD
Tobii Pro HTC Vive). For both conditions we used the same
high-performance desktop computer with two graphics processing units. Participants navigated through virtual space
using a controller or mouse to teleport (a risk free navigation (Keshavarz et al. 2015)) from one point to another. The
distance between teleport points was a maximum distance
allowed by the HTC Vive controller in order to minimise the
navigation effort and allow users to quickly move around the
space (see Fig. 2).
For the paper condition, we used the content prepared
by architects to be presented to stakeholders involved in the
project (investors, various engineers, etc). Since we planned
to present this content to future occupants of the building
we removed some detailed information intended for engineers. Such information could overwhelm participants and
they could miss important information asked in the questionnaires (described below). Together with architects we
decided to leave in the plans the measures of the building,

https://innorenew.eu/.
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Fig. 3  One of the 2D floor plans from the Innorenew CoE building

names of rooms and areas, and to highlight 12 areas that
architects labelled as interesting (see Fig. 3 as an example).
We also replaced the original rendered images with the ones
from the virtual environment looking at the same scenes
from the same angles in order to have the same quality of
renders as in the virtual experience.

3.2 Participants
In total, 29 participants volunteered to participate in the
study: 10 in paper (4 female), 9 in desktop (5 female), and
10 in VR condition (5 female). All participants were 25 to 55
years old ( x = 37) and were either employed by the InnoRenew CoE (80%) or otherwise linked to the institute. The voluntary response sampling method was used by advertising
the study on the internal mailing list of the institute since we
wanted to study future occupants of the building.

3.3 Study procedure
Participants were first asked to sign a consent form and fill in
a short pre-questionnaire about the current office space and
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moving to a new building. Participants have been randomly
assigned to conditions. After a five minute training session,
we calibrated the eye-tracking device and attached the electrodermal activity sensors (EDA or galvanic skin response
(GSR)). The data from these sensors are out of scope of this
paper and will be published in a separate publication. Participants were then instructed to freely explore the representation method for up to 15 minutes without any restrictions
or tasks given in order to imitate how users actually explore
a physical building. To facilitate navigation, information
boards and signs were included in the environment as in an
actual building (the paper condition had labels of rooms and
spaces included).
Participants were then given a post-questionnaire about
their experience and attitude towards moving, two standard
questionnaires – a sense of presence (SUS) (Mel et al. 1998;
Usoh and Catena 2000; Usoh et al. 1999) and a user experience questionnaire (UEQ) (Schrepp et al. 2017) – and a
questionnaire to assess participants’ spatial perception of the
environment. These questionnaires were answered without
the access to the representation method. Next, participants
answered also a size and capacity perception questionnaire

Virtual Reality
Table 1  Study procedure for each condition
Time
5 min training

Up to 15 min exploration

Up to 15 min exploration

Paper condition

Desktop condition

VR condition

Consent form & Pre-questionnaire (current building, moving expectations)
Demo virtual experience with instruc- Demo virtual experience with
Floor plan, rendered images of
instruction on how to teleport using
tion on how to teleport using the
outdoor of the building with plan
the controller.
mouse.
reading instructions.
Attach EDA sensor on participants’ wrist & calibrate the eye-tracker

Post-questionnaire (representation experience & moving expectations), SUS, UEQ and Spatial perception questionnaires
Size and capacity perception questionnaire with the use of the representation method
VR condition
VR condition
/
Post-questionnaire (demographics, VR experience, sight problems, sense of orientation)

with the use and help of the representation method they previously explored. The results of the last two questionnaires
will also be published in a separate publication.
After completing the questionnaires, participants assigned
to the paper and desktop conditions were invited to explore
the virtual building using the HMD VR. At the end, participants were asked to fill in a short post-questionnaire with
demographic questions, questions about previous experience
with VR technology (3D games or virtual experiences), sight
problems and sense of orientation. The overall procedure of
the study is shown in Table 1.

3.4 Data collection
In all conditions we captured eye-tracking and EDA data (as
mentioned, these will be published in our later work). For
paper and desktop conditions facial expression data were
also collected to measure affective engagement and consequently user experience (due to the use of HMD we could
not do it in VR) (Kapoor et al. 2003). For both desktop and
VR conditions, path tracking data were logged by the system
as a part of behaviour engagement (for the paper condition
this was not possible due to representation specifics). Cognitive engagement was not measured since the study did not
involve any task to solve. In all conditions users completed
all questionnaires mentioned.
We used Affectiva iMotions (iMotions n.d.) real-time
facial expression analysis (FEA) software for the data
acquisition and expression analysis with the AFFDEX face
detection (Farnsworth 2019). The software is based on the
Facial Action Coding System (FACS), which codes specific combinations of action units (contractions of facial
muscles) into the six basic emotions (Farnsworth 2019;

McDuff et al. 2016): joy, anger, surprise, fear, disgust and
sadness. Due to the relevance to the study, we have taken
into account only joy and anger, to which we will refer
from here on as positive and negative emotions. Affectiva
iMotions provides emotion evidence scores corresponding
to the probability of the presence of each emotion between
0 (absent) and 100 (present). A threshold suggested in
the literature for an emotion being present or absent is
between 50 and 70 (Farnsworth 2019). In order to avoid
noise, we decided on a threshold for the presence of emotional response at a minimum expression duration of one
second (1s), added an immediate median correction of the
last three (3) samples of the emotion evidence score, and
set the threshold at 70 (Weber 2018; Farnsworth 2019).
To measure the sense of presence we used the common
Slater-Usoh-Steed (SUS) six questions questionnaire (Mel
et al. 1998; Usoh and Catena 2000; Usoh et al. 1999), which
measures: (i) the sense of being in the VR environment,
(ii) the extent to which the VR environment becomes the
dominant reality, and (iii) the extent to which the VR environment is remembered as a ‘place’. For measuring the user
experience we used the short version of the User Experience Questionnaire (UEQ-S) (Schrepp et al. 2017; Schrepp
2019) with eight items/questions. The first four represent
pragmatic qualities (Perspicuity, Efficiency and Dependability) and the last four hedonic qualities (Stimulation and
Novelty) (Schrepp 2019).

3.5 Data analysis
In all statistical analysis we used a significance level
p − value = 0.05 and a restrictive confidence interval (CI)
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of 95%. Each data set collected in the study was first checked
for normality using the Shapiro-Wilk normality test (Shapiro
and Wilk 1965). The statistical significance between study
conditions (between-subject design) was examined using
the Kruskal-Wallis non parametric test (Kruskal-wallis test
2008), and if significance was found we used the MannWhitney test (Neuhäuser 2011) to determine where the significance occurred. The resulting p < 0.05 are reported as
statistically significant. All boxplots use a 1.5xIQR (interquartile range) rule and Tukey’s fences (Lisa 2016) for
whiskers and identified outliers. Asterisk notation is used
in figures to visualise statistical significance (not significant: p > 0.05, *: p < 0.05, **: p < 0.01, ***: p < 0.001,
and ****: p < 0.0001).
We also conducted a power analysis to check and validate
the results and findings of the study. We calculated the effect
size (Cohen’s d) for each data set collected (Cohen 1988),
selected the minimum effect size (Cohen’s d = 1.553) and
estimated the statistical power (1 − 𝛽 = 0.9) of data to check
whether the type II error probability (𝛽 ) is within an acceptable range for a given sample size (n = 9 per group) and a
significance level (𝛼 = 0.05). The estimated power value 0.9
shows that with the given sample size, we can have a 90%
chance that we correctly reject the null hypothesis with a
significance level 0.05.
Since all independent variables (engagement (behavioural, affective), sense of presence, and user experience)
are, based on the literature, related to one another (see Sections 2.1 and 2.2) we believe that observing them together
can better support the results. We have thus used the Pearson
multiple correlation test (Plackett 1983) to find out whether
there were any correlations between these variables.

4 Results and findings
This section is divided into four subsections. The first
focuses on user engagement, the second on the sense of
presence and user experience, the third describes the correlation between these measures, and the fourth subsection
presents the results from the pre- and post-questionnaire
about moving.

4.1 User engagement results
In this section we present results divided in two parts: behaviour and affective engagement (see Section 2.1).
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4.1.1 Behavioural engagement
Behavioural engagement covers observable behaviour,
which includes among others conscious navigation, involvement observation, time spent, the amount and type of interaction with the environment, etc. Overall, participants in the
paper condition spent on average five (5) minutes to freely
explore their representational method compared to 10 in the
desktop and 14 in the VR conditions. For further behavioural
engagement we turned to observations for the paper condition and logs for the other two conditions. In particular,
we looked at the paths traversed and time spent at different
interesting areas.
Figure 4 shows the average amount of time spent at each
teleport point. In the VR condition, participants navigated
through more teleport points and spent more time outside of
the building compared to the desktop condition. This happened on Terrace 1, Staircase 1-2 (1st floor), Terrace 2, the
passage between Terrace 2 and the building (2nd floor), and
in the Open space (3rd floor). It thus shows higher engagement in these areas. An interesting observation is that in both
desktop and VR conditions participants moved towards the
windows wherever this was possible and looked at the view
outside. We observed this in the meeting room on the first
floor, in the office room on the second floor, and in the open
space on the third floor, which is visible by circles close to
the windows.
Figure 5 illustrates the navigation patterns and density
of the average time in seconds for the overall experience for
desktop and VR conditions. In the VR condition, participants explored the outdoors (the side of the building with
the entrance including the road) a lot more compared to
desktop condition. There is no big difference in the indoor
navigation pattern between the conditions. Nevertheless,
participants in VR showed higher behavioural engagement
(more time spent in the environment, more teleportation
points explored, more time spent in more interesting areas)
compared to the desktop condition. In the paper condition,
participants mostly just scanned the plans and spent more
time on rendered images. Comparing the overall time, however, they spent twice as less time in the desktop and three
times in the VR condition.
4.1.2 Affective engagement measures
We did a facial expression analysis for the paper and desktop conditions to determine the emotional engagement of
participants as described in Sect 3.4. Since the duration of
exploration in each condition and the number of emotions
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Fig. 4  The average amount of time in seconds spent at each teleport point in each interesting area for desktop and VR conditions. The bigger the
circle, more time spent at that point
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Fig. 5  Navigation pattern and
density of the average time in
seconds for the overall experience presented on a hexbin map

Fig. 6  Percentage of positive
and negative emotions per user
in paper and desktop conditions.
The longer the cone, the more
emotional responses of that kind
were registered

registered varied between participants, we present the values
in percentages – this is the number of each emotion registered out of all the emotions registered for a specific participant. Fig. 6 shows a slight presence of negative emotions in
the paper condition and more positive emotions registered
in the desktop condition.
While the mean percentage of registered positive emotion instances is significantly higher than negative emotion
instances in both conditions, it is even higher in the desktop
compared to the paper condition (desktop x = 97.3%, CI
[94.6, 100]; paper x = 74.4%, CI [64, 84.8]). In the paper
condition, the system registered nearly 25% of negative
emotion instances, while this number is low in the desktop
condition. The Mann-Whitney nonparametric test shows a
significant difference in emotions registered for both positive
and negative emotions when comparing desktop and paper
conditions (positive p = .0065, negative p = .0065).
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Table 2  Descriptive statistics for both emotions considered
together (positive and negative). The percentage difference from
the overall average in the last column was calculated as such
100 ∗ (Total_average − Study_condition_average)∕Total_average
Study Condition Average for
both emotions

SD

Desktop
Paper
Total

13.7 7.9
19.6 10.8
16.9 6.8

25.0
30.5
27.9

Error 95 CI % difference
from overall
average
+ 10.5%
− 9.4%

Descriptive statistics for both emotions are summarised
in Table 2. High standard deviations indicate the widespread of emotions. Consequently, the mean value is a
poor indicator of individual performance, but considering
the entire data it gives and indication on the variations in
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Fig. 7  SUS scores

emotions registered between study conditions. The MannWhitney nonparametric test did not show statistical significance (W = 111.5, p = 0.2682)

4.2 Sense of presence and user experience
This sub-section reports on the results from the SlaterUsoh-Steed (SUS) and the User Experience Questionnaire
(UEQ).
4.2.1 Sense of presence (SUS) questionnaire
The answers to the six SUS questions are reported on a
7-stage Likert scale (1 low, 7 high). Figure 7a illustrates
the mean values from the SUS questionnaire and distribution. The answers for the VR condition are skewed towards
the left with the mean value > 6, which means that in this
condition the sense of presence was very high compared
to the other two conditions. The distribution of the paper
condition is skewed towards the right with the mean value <
3, which means that the sense of presence was lowest here.
The sense of presence for the desktop condition had a more
varied distribution with a mean value of around 4.
A Kruskal-Wallis nonparametric test showed a significant difference (𝜒 2 = 93.531, df = 2, p = 2.2e − 16), indicating that the condition influenced the sense of presence.
The pairwise comparison using a Mann-Whitney-Wilcoxon

nonparametric test (desktop-paper: p = 1.7e − 07, desktopVR: p = 4.5e − 11 and paper-VR: p = 1.4e − 16 ) revealed
significant differences between all the pairwise study conditions (Fig. 7b).
4.2.2 User experience questionnaire
The answers to UEQ questions/items are also reported on
a 7-stage Likert scale, where the first four items represent
pragmatic qualities (Perspicuity, Efficiency and Dependability) and the last four the hedonic qualities (Stimulation and
Novelty). The results are assigned a value between −3 and
3 as follows: if the item starts with a negative term, a 1 on
the 7-stage scale becomes a −3, while if the item starts with
a positive term, the 1 becomes a +3. These adjustments are
kept throughout the rest of the analysis.
The mean values are calculated and rated according
to (Schrepp et al. 2017; Schrepp 2019). Every UEQ scale
belongs to either a ‘negative evaluation’ with a mean value
−3 ≤ x < −0.8, a ‘neutral evaluation’ with a mean value
between -0.8 and +0.8, and a ‘positive evaluation’ with a
mean value +0.8 < x ≤ +3. This can be applied to single
items or factors (pragmatic and hedonic). The calculated
mean for every item is shown in Fig. 8a. There is only one
negative evaluation for the paper condition (for the question
usual-cutting edge) and no negative evaluation for desktop
and VR conditions.
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Fig. 8  UEQ scores

Figure 8b shows the mean values per factor and the corresponding confidence intervals. In addition, the mean value
of all the items is given as an overall user experience value.
Pragmatic ( x = 2.67) and hedonic ( x = 2.65) qualities, as
well as overall user experience ( x = 2.66 ) are perceived
as extremely positive in the VR condition. The mean values of all the factors are also clearly above the threshold
value of 0.8 in the desktop condition (pragmatic - x = 1.55,
hedonic - x = 1.08 and overall - x = 1.31). The mean of the
hedonic factor ( x = 1.31), which represents the Stimulation
and Novelty, is below the threshold value of 0.8 in the paper
condition.

4.3 Correlations between user experience, sense
of presence and engagement
A Pearson multiple correlation test (Plackett 1983) was used
to find out if there were any correlations between user experience, sense of presence, and engagement (behavioural,
affective). We found correlations between user experience
– sense of presence (r = 0.72 , p = 0.009 ) and user experience – behavioural engagement (r = 0.69, p = 0.010 ) in
the VR condition. There were no significant correlations
between user experience, sense of presence, and engagement
for desktop and paper conditions.

4.4 Attitude towards moving
In the pre-questionnaire, participants were asked about the
current office premises and about the attitude towards moving into the new building. Only 4% of participants rated the
current premises as bad, 11% as excellent, 83% as good and
2% do not know. The reasons mentioned against the current
premises were: not enough light in the office (in the old city
centre buildings are in close proximity), air quality, sharing
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an office with other people, improvised offices and lack of
parking spaces. There were more reasons to like the offices
such as convenient location, close proximity to the sea side,
wooden furniture, plenty of light, creative teammates, and
good equipment.
The pre-questionnaire also revealed some concerning
comments about the new building being located in a different town. Most of the participants like the current town as it
is bigger and it offers a variety of facilities in close proximity, which is not the case with the new building. More than
half of the participants complained that they will need to
commute to the new location as they live near the current
one. Just one person mentioned that they live close to the
new building and one liked its remote location. One person
raised the fact that their children are going to school in the
current town and the move will require a bit of flexibility
from the family. A few mentioned that they will miss seeing
researchers from the university and two assumed they will
be split between the new and the old location, which would,
in their opinion, make meetings a challenge.
When asked in a pre-questionnaire about how they
expect the new office building will compare to the current
one 93% of the responses claimed it will be better (3.5%
the same and 3.5% do not know). Positive reasons included
dedicated offices and labs, and that the whole company will
be together as they are residing in several buildings at the
moment. These results did not significantly change in the
post-questionnaire.
When asked in the post-questionnaire whether the expectations of moving to a new building changed 90% of participants in the VR condition answered yes, compared to 37.5%
in desktop and 66.7% in the paper condition (see Table 3).
The positive attitude in VR could also be seen in rating the
VR experience as excellent in 90% of the cases (50% in
desktop and 44% in paper).
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Table 3  Post-questionnaire
results of quantitative questions

How would you rate the experience of the future InnoRenew office facilities?
Condition
Poor
Below average
Above average
Excellent
I don’t know
VR
10%
90%
Desktop
50%
50%
Paper
44%
44%
12%
Did this experience change your expectations about how your future office facilities will look like?
Condition
Yes
No
I don’t know
VR
90%
10%
Desktop
38%
62%
Paper
67%
33%
How confident would you feel about moving around in a normal working day?
Condition
Lost
Confident
Very confident
I don’t know
VR
30%
70%
Desktop
50%
50%
Paper
12%
44%
44%

Participants in the VR condition provided 22.5% more
answers to open ended questions than in desktop and 32.5%
more than in the paper condition. In, VR participants provided 16 positive comments about offices and the building,
6 complemented greenery and surroundings (including parking), and two close proximity to colleagues (11, 1, and 2 in
desktop and 8, 1, and 2 in paper condition, respectively).
The expanded list of positive reasons for moving included:
modernity, new equipment, wooden furniture, spacious
common areas, natural sunlight, flexibility, eco-friendliness, clean design, cosy and pleasant environment, working
together with colleagues, and availability of parking spaces.
Regarding the confidence of moving about in the new facilities, positive comments focused on how well participants
understood the space, and in particular participants provided
10 positive comments in VR, 7 in desktop and 5 in the paper
condition. Only in the latter we received comments such as
“I felt lost” and “through the maps it’s hard to understand
the locations”, which points to the fact the allocentric view
is not an optimal representation for some people.
It could be argued that regardless of the representation
method, participants who were offered more information
about the future office building are likely to find more positive reasons for moving. However, participants in desktop
and VR conditions were exposed to the same detailed virtual
environment and yet, in the VR condition more comments
in general were received. Another reason might be the time
spent in the VR condition (on average 40% more) and thus
exposing participants to more information. But the results
show that in both conditions participants visited the same
places and used similar traversing patterns. Overall, the
VR condition has elevated a more positive attitude towards
moving.

5 Discussion
We designed an explorative study to compare how future
occupants are able to project themselves into the future
office space when presented with a different representation
method of the real future building: (i) a paper-based presentation with floor plans and rendered images of the building
as used by architects (paper condition), (ii) a highly-detailed
3D virtual model of the future building experienced on a
computer monitor (desktop condition), and (iii) the same virtual environment experienced with a head mounted display
(VR condition). The impact of the representation method
was measured through user engagement, sense of presence
and user experience.

5.1 User engagement
Our RQ1a was How does the representation method of the
model of the future office space influence engagement?
Based on (Appleton et al. 2008), engagement can be divided
into affective, cognitive and behavioural. We hypothesised
that the representation method will affect engagement.
5.1.1 Behavioural engagement
We measured behavioural engagement for desktop and VR
conditions by observing where users spent their time and
how much time they spent in different locations. We could
not observe this in the paper condition; nevertheless, we
could observe users being more interested in renders (egocentric view) than in floor plans (allocentric view). This was
expected as floor plans can be hard to mentally translate to
an egocentric view for non professionals (Kuliga and James
2020), which has also been found in this study. In desktop
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and VR conditions participants spent a similar amount of
time in different spaces with some exceptions. In the VR
condition, participants spent more time in front of the building exploring the road to and from the building, and on outdoor terraces. In both conditions, participants also spent a
considerable amount of time at the windows admiring the
view.
It is well known that individual and architectural factors
can directly and indirectly contribute to physical and psychological discomfort in an office space (Alan 1989). The time
spent staring out of the windows and observing the views
should not come as a surprise, since attractive window views
are known for reducing discomfort at work (van Esch 2019)
and consequently improving home life (e.g. sleep) (Aries
et al. 2010), provide a natural source of light (Wong 2017),
while closer proximity to windows reduces health problems
and complaints among occupants (Küller and Wetterberg
1996; Yildirim et al. 2007).
A similar explanation can be found for spending time in
outdoor spaces (terraces and in front of the entrance). These
spaces are filled with greenery, which provides an opportunity for recovery from mental fatigue and are generally beneficial to human health (Berman et al. 2008; Kaplan 1995).
The time spent in the VR condition “walking” to and from
the building can be attributed to higher immersion with the
environment surrounding users. Moving in space has been
pointed out as one of the pivotal affordances in VR (Zhao
et al. 2020; Horvat et al. 2019) and an important finding of
our study was that people spent nearly 40% more time moving in VR compared to the desktop. There is a potential to
explore these observations in further studies.
5.1.2 Affective engagement
We measured affective engagement through analysis of
facial expression for desktop and paper conditions. The
amount of positive feelings was higher in the desktop condition. Significantly more negative feelings were recorded
in the paper condition, while these were almost absent in the
desktop condition. Affective engagement is directly linked
to the sense of presence and emotions. For example, experience in anxious or relaxing VR environments increased
these emotions as well as the sense of presence (Riva 2007).
Studies on learning in VR also report on higher emotional
arousal in VR compared to content presented on a computer
monitor (Makransky et al. 2019; Parong and Mayer 2020).
Higher affective engagement of the desktop condition can
be explained by the pleasant environment presented by
the aforementioned greenery (Berman et al. 2008; Kaplan
1995). We could not measure affective engagement in the
VR condition; although, since the virtual environment was
the same in the desktop condition as in the VR condition,
and since users spent considerably more time in the VR
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condition, we can assume that the VR condition would show
even higher affective engagement based on the increased
behavioural engagement and sense of presence.

5.2 Sense of presence and user experience
Research questions RQ1b and RQ1c were How does the representation method influence the sense of presence and user
experience? We hypothesised, based on previous studies,
that the more immersive the environment the higher the level
of the sense of presence. We measured the sense of presence
with the SUS questionnaire. As expected, users in the VR
condition reported the highest sense of presence, while users
in the paper condition the lowest. The significant difference
has been confirmed between all three study conditions. This
was not surprising for the paper condition since it does not
offer an immersive experience (Juan et al. 2018). Despite
experiencing the same virtual environment, the significant
difference between desktop and VR conditions should not
come as a surprise since several studies already confirmed
that compared to desktop, VR supports a higher sense of
presence (Makransky et al. 2019; Zhao et al. 2020; Federica
et al. 2019).
As both desktop and VR conditions used the same highlydetailed virtual environment, we expected a lesser difference
between the two. This is because prior work in architecture
claimed that the more detailed the environment, the higher
the sense of presence (Bertol 1996); however, these works
did not mention the representation method. Another reason was that our study just involved casual exploration of a
future building compared to other studies examining different representation methods (VR vs desktop) that involved
complex tasks such as playing a video game (Federica et al.
2019) or navigating and understanding a non-detailed virtual
environment (Ruddle et al. 1999).
Despite expectations, our study shows that even if users
do not engage in complex tasks, and they just move around
a virtual building, there was a significant difference between
the desktop and the VR representation method. This is in
line with aforementioned studies (Federica et al. 2019; Ruddle et al. 1999) and it also indicates that the sense of presence might not be so much related to the task at hand but
more on the level of detail (Bertol 1996) and immersivness
provided by the display.
In our study, only the display (high definition computer
monitor vs. head-mounted display (HMD)) facilitated
this difference. Previous studies have shown that HMDs
can enhance focused and selective attention (Cho et al.
2002; Amprasi et al. 2022), and consequently increase
the sense of presence, by cutting visual stimuli from the
physical environment. To even further leverage the sense
of presence researchers have explored small additions
such as a breeze or adjusted temperature in the physical
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surroundings (Ranasinghe et al. 2017). It would be interesting to investigate if such additions would increase the
sense of presence even for the desktop condition. In addition,
since previous studies report a lower sense of presence with
teleportation vs walking, future studies could also look at
this aspect.
User experience in VR has been often looked at in relation to the sense of presence or even defined by it (Steuer
1992). It was thus expected that the paper condition would
receive least positive values. Despite using the same virtual
environment for desktop and VR, the VR condition acquired
twice the levels of positive scoring for both hedonic and
pragmatic qualities of user experience. This finding further
supports the results for a higher sense of presence in VR.

5.3 Correlation between measures
We have also investigated how different variables are correlated and how they could be combined in order to more
accurately present engagement, sense of presence, and user
experience for each study condition. This contrasts to the
existing body of VR research in architectural design that
often looks at these aspects individually. Our results show
correlations in VR between the sense of presence and user
experience, which was to be expected since the two are
considered related (Steuer 1992), as well as between user
experience and behavioural engagement. Interestingly,
there were no correlations found in the other two conditions.
Despite using the same environment in desktop and VR, the
latter supports significantly higher degree of immersion. It
thus highly affects the sense of presence, which affected the
user experience. However, further studies are required to
explore any causation between the aspects measured.

5.4 Implications for research and practice
A recent review of the VR landscape in architecture and
construction defined six areas where VR supports the field:
stakeholder engagement, design support, design review,
construction support, operations and management support,
and training (Delgado et al. 2020). Our study focuses on
under explored aspects of stakeholder engagement. VR
has already been used to engage with various stakeholders
(investors, potential clients, public), giving them an opportunity to participate in pre-occupancy evaluation, examine
built-assets at real-scale or align their expectations with the
actual design (Pejic et al. 2017; Juan et al. 2018; Kini and
Shilpa 2019; Frost and Peter 2000).
However, the focus of our study was on a particular group
of stakeholders – the future occupants. As the company
leadership already decided to move to new premises, this
group did not have much say in this, contrasting our work

with other studies of future occupants, which focused on VR
as a support of better understanding of, and the decisionmaking process concerning their future workplace (Westerdahl 2006; Frost and Peter 2000). For this reason we were
interested in how involving future occupants in the process
by showing them different representation methods (paper,
desktop, VR) would help them project themselves into their
future office space and how this might influence their attitudes towards moving. In our study we have shown that VR
as a representation method increases the sense of presence,
user experience and engagement and that these measures
are correlated.
The study also shows that for this particular group of
users, the building itself is not the only important part of
the experience. The exterior of the building as well as the
greenery around it proved to be almost as essential. Participants enjoyed moving outdoors and observing the building from various sides. Several even took “a walk” to the
building, which is one of the key aspects of VR (Jiayan and
Sensibaugh 2020; Horvat et al. 2019). Moreover, the majority of participants stopped at the windows and admired the
view. Overall, the VR experience influenced participants to
add more positive comments about moving, compared to
other conditions. Even participants that have initially experienced a less immersive representation method (paper and
desktop) provided positive comments after experiencing the
VR. These comments further emphasise the importance of
feedback for people in leadership positions.
The following results are speculative due to the explorative nature of the study presented but point out interesting
research directions. It has been shown that past experiences
support imagining hypothetical future scenarios and that
memory can flexibly recombine past and novel experiences
into novel simulations of possible future events (Szpunar
2010; Schacter 2012; Pascal 2008; Suddendorf and Corballis 2007). The ability to imagine details of future scenarios also supports one’s effective coping with future events
through emotional regulation and appropriating current
activities (Brown 2002). VR might thus provide a viable
approach in supporting “one’s effective coping with future
events” such as a job relocation – a life event often associated with stress (Martin 2000)). Previous findings also show
that imagining future scenarios is associated with optimism
bias (Tali 2011). Besides other measures used, the amount of
additional positive comments received after experiencing the
VR condition might thus also indicate that VR better supports simulating possible futures, compared to the other two
representation methods. These speculative results open up
possible new research directions in different fields to further
investigate the effects of VR on projecting oneself into future
scenarios. For example, it has been shown that representing
potential future selves in a virtual environment can motivate
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people to make better food choices in the future (Kuo et al.
2016).
The main VR challenges listed in recent literature include
insufficiently detailed virtual environments, the necessity of
supervision and hardware, the ease of use, and the sense of
isolation (Delgado et al. 2020; Juan et al. 2018). In contrast
with older studies with future occupants (Westerdahl 2006;
Frost and Peter 2000), we have built a highly-detailed virtual
environment, used high-end hardware and teleportation as
navigation techniques to avoid any technical and other issues
that might contribute to user discomfort. None of the participants reported any problems related to VR. However, such
a project needs a large time commitment for implementation (Yung and Khoo-Lattimore 2019) (4 months of work in
our case), which might limit the capability of implementing
such an environment for a lot of projects as it involves significant financial investment. The claims that VR environments
can cut the costs of time spent on decision-making and the
cost of building physical mock-ups (Majumdar et al. 2006;
Juan et al. 2018) remain largely unproven as VR is not yet
part of the essential toolchain in the fields of architecture,
engineering, and construction. In spite of all the benefits presented in this study and other studies mentioned in the paper,
VR remains useful and nice to have but not essential, yet.
We also did not encounter any issues with the ease of
use, despite the fact that 87% of our participants have never
played 3D video games, and 64% never experienced VR
before. As for the supervision, hardware, and sense of isolation, they still remain a challenge. Although some attempts
in this direction have been made (Du 2018; Kunert 2020) the
current systems still do not allow for large scale collaborations in VR. Nevertheless, as technology advances such limitations might be resolved with a broader commercial uptake.

5.5 Limitations and future research directions
One of the main limitations of our study is the number of
participants. At the time of the study the Innorenew CoE
institute had 39 people employed. Some were not eligible
to participate in the main study (architects and people in
leadership positions). The majority of other employees have
participated and observations were consistent among each
condition. Nevertheless, we have shown that the type II
error is within the acceptable range. This paper does also
not discuss how different methods of representation affects
the spatial perception as this is beyond the scope of the topic
presented here. Such an analysis, results and discussion is
the subject of future work.
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6 Conclusion
The focus of the explorative study presented in this paper
was to investigate how different representation methods
(VR, desktop, paper) influenced how future occupants project themselves into the future office space and to explore
their willingness to relocate. The results show a statistically
significant difference for the sense of presence, user experience and user engagement in VR compared to the paper
and desktop conditions. Users were also observed looking
at the views through the windows, spent time on terraces
surrounded by the greenery, extensively explored the surroundings, and even “took a walk” to work. We also received
more positive comments about the building after experiencing the VR condition. We argue that experiencing VR better
supported people in projecting themselves into their future
office spaces, increased their capability to imagine future
scenarios, and positively affected their attitude towards moving. The study, experimental design, results and discussion
presented here can inform future studies and aid the current
development of systems for exploring future buildings.
Funding The authors acknowledge the European Commission for
funding the InnoRenew CoE project (Grant Agreement 739574) under
the Horizon2020 Widespread-Teaming program and the Republic of
Slovenia (Investment funding of the Republic of Slovenia and European Union of the European Regional Development Fund). We also
acknowledge support from the Slovenian research agency ARRS (program no. P1-0383, J1-9186, J1-1715, J5- 1796, J1-1692, and IO-0035).
Code availability Not applicable

Declarations
Conflicts of interest The authors declare that they have no conflict of
interest.
Ethics approval The authors declare that they received the ethics
approval to conduct the research.
Consent to participate The authors declare that they received the consent from all the participants before participating in the study.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not

Virtual Reality
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
Acock Malcolm (1985) Vision: A Computational Investigation into the
Human Representation and Processing of Visual Information. In:
By David Marr. The Modern Schoolman 62(2):141–142. https://
doi.org/10.5840/schoolman198562219
Amprasi Evaggelia et al. (2022) Effect of a Full Immersive Virtual
Reality Intervention on Selective Attention in Children. In: International Journal of Instruction 15.1
Maike Andresen, Margenfeld Jil (2015) International relocation
mobility readiness and its antecedents. In: J Managerial Psycho
30(3):234–249. https://doi.org/10.1108/JMP-11-2012-0362
Appleton James J, Christenson Sandra L, Furlong Michael J (2008)
Student engagement with school: Critical conceptual and methodological issues of the construct. In: Psychol the Schools
45(5):369–386. https://doi.org/10.1002/pits.20303
Aries Myriam BC, Veitch Jennifer A, Newsham Guy R (2010) Windows, view, and officce characteristics predict physical and psychological discomfort. J environ psychol 30(4):533–541. https://
doi.org/10.1016/j.jenvp.2009.12.004
Azhar Salman (2011) Building information modeling (BIM): Trends,
benefits risks, and challenges for the AEC industry. Leadersh
manag eng 11(3):241–252
Bakker Niels H, Passenier Peter O, Werkhoven Peter J (2003) Effects
of Head-Slaved Navigation and the Use of Teleports on Spatial
Orientation in Virtual Environments. Human Factors 45(1):160–
169. https://doi.org/10.1518/hfes.45.1.160.27234
Banos Rosa M et al (2004) Immersion and Emotion: Their Impact on
the Sense of Presence. CyberPsychol Beh 7(6):734–741. https://
doi.org/10.1089/cpb.2004.7.734
Barfield Woodrow, Weghorst Suzanne (1993) The sense of presence
within virtual environments: A conceptual framework. Adv
Human Factors Ergon 19:699–699
Bassanino May et al. (2010) The impact of immersive virtual reality
on visualisation for a design review in construction. In: Proceedings of 2010 14th International Conference Information
Visualisation. IEEE, 585–589
David Benyon et al (2014) Presence and digital tourism. AI & society
29(4):521–529. https://doi.org/10.1007/s00146-013-0493-8
Berg Leif P, Vance Judy M (2017) An industry case study: Investigating early design decision making in virtual reality. In:
Journal of Computing and Information Science in Engineering
17(1):011001-1-011001-7. https://doi.org/10.1115/1.4034267
Berman Marc G, John Jonides, Stephen Kaplan (2008) The cognitive
benefits of interacting with nature. In: Psychological science
19.12, 1207–1212. https://www.jstor.org/stable/40064866
Daniela Bertol (1996) Designing digital space: an architect’s guide
to virtual reality. John Wiley & Sons, New York City
Birenboim Amit et al (2019) The utilization of immersive virtual
environments for the investigation of environmental preferences. Landsc Urban Plan 189:129–138. https://d oi.o rg/1 0.
1016/j.landurbplan.2019.04.011
Bowman Doug A, David Koller, Larry F Hodges (1997) Travel in
immersive virtual environments: an evaluation of viewpoint
motion control techniques.In: Proceedings of IEEE 1997
Annual International Symposium on Virtual Reality. IEEE,
45–52. https://doi.org/10.1109/VRAIS.1997.583043

Pascal Boyer (2008) Evolutionary economics of mental time travel?
Trends in Cognit Sci 12(6):219–224. https://doi.org/10.1016/j.
tics.2008.03.003
Brade Jennifer et al (2017) Being there againpresence in real and
virtual environments and its relation to usability and user experience using a mobile navigation task. Int J Hum Comput Stud
101:76–87. https://doi.org/10.1016/j.ijhcs.2017.01.004
Brown Gary P et al (2002) Worry and the simulation of future outcomes. Anxiety, Stress Coping 15(1):1–17. https://doi.org/10.
1080/10615800290007254
Busch Marc et al. (2014) Being there for real: presence in real and
virtual environments and its relation to usability. In: Proceedings of the 8th Nordic Conference on Human-Computer Interaction: Fun, Fast, Foundational, 117–126. https://doi.org/10.
1145/2639189.2639224
Cartillier Vincent et al. (May 2021) Semantic MapNet: Building
Allocentric Semantic Maps and Representations from Egocentric Views. In: Proceedings of the AAAI Conference on
Artificial Intelligence 35.2, 964–972.https://ojs.aaai.org/index.
php/AAAI/article/view/16180
Castronovo Fadi et al. (2013). An evaluation of immersive virtual
reality systems for design reviews. In: Proceedings of the 13th
international conference on construction applications of virtual
reality, 22–29.https://itc.scix.net/pdfs/convr-2013-2.pdf
Cebeci Berk, Celikcan Ufuk, Capin Tolga K (2019) A comprehensive study of the affective and physiological responses induced
by dynamic virtual reality environments. Comp Anim Virtual
Worlds 30(3–4):e1893. https://doi.org/10.1002/cav.1893
Chandrasegaran Senthil K et al (2013) The evolution, challenges, and
future of knowledge representation in product design systems.
Computeraided des 45(2):204–228. https://doi.org/10.1016/j.
cad.2012.08.006
Chevi Oriane (2018) The role and challenges for the HR department
in corporate relocation context. Nova School of Business and
Economics(NSBE). http://hdl.handle.net/10362/39724
Cho Baek Hwan et al. (2002) Attention enhancement system using
virtual reality and EEG biofeedback. In: Proceedings IEEE
Virtual Reality 2002.IEEE, 156–163
Cohen Jacob (1988) Statistical power analysis for the behavioral sciences.Academic press
Dajana Snopková et al (2019) Navigation in Indoor Environments:
Does the Type of Visual Learning Stimulus Matter?In: ISPRS
Int. J GeoInf 8(6):251. https://doi.org/10.3390/ijgi8060251
Delgado Juan MD et al. (2020) A research agenda for augmented and
virtual reality in architecture, engineering and construction.In:
Advanced Engineering Informatics 45, p. 101122.https://d oi.o rg/
10.1016/j.aei.2020.101122
Dey Sanorita et al. (2014) Study the Effect of Allocentric and Egocentric Interfaces in Indoor Navigation. In: of the HCI Consortium.
HCI Consortium, 1–6
Du Jing et al (2018) Zero latency: Real-time synchronization of BIM
data in virtual reality for collaborative decision-making. Autom
Constr 85:51–64. https://doi.org/10.1016/j.autcon.2017.10.009
Dunston Phillip S et al. (2011) An immersive virtual reality mock-up
for design review of hospital patient rooms. In: Collaborative
design in virtual environments. Springer, 167–176. https://doi.
org/10.1007/978-94-007-0605-7_15
Eby Lillian T, Russell Joyce E (2000) Predictors of employee willingness to relocate for the firm. J Vocat Behav 57(1):42–61. https://
doi.org/10.1006/jvbe.1999.1724
Semiha Ergan et al (2019) Quantifying human experience in architectural spaces with integrated virtual reality and body sensor
networks. J Comput Civil Eng 33(2):04018062. https://doi.org/
10.1061/(ASCE)CP.1943-5487.0000812

13

Virtual Reality
van Esch Emmy et al (2019) Office window views: View features trump
nature in predicting employee well-being. J Environ Psychol
64:56–64. https://doi.org/10.1016/j.jenvp.2019.05.006
Faas Daniela et al (2014) The in uence of immersion and presence
in early stage engineering designing and building. AI EDAM
28(2):139–151. https://doi.org/10.1017/S0890060414000055
Farnsworth Bryn (2019) Facial Action Coding System (FACS) - A
Visual Guidebook.https://imotions.com/blog/facial-action-coding-system/(visited on 11/12/2020)
Fernando Terrence P, Kuo-ChengWu, May Bassanino (2013) Designing a novel virtual collaborative environment to support collaboration in design review meetings. In: Journal of Information
Technology in Construction 18, 372–396. http://www.itcon.org/
paper/2013/19
Frantzidis Christos A et al (2010) Toward emotion aware computing:
an integrated approach using multichannel neurophysiological
recordings and affective visual stimuli. IEEE transact Inf Technol Biomed 14(3):589–597. https://doi.org/10.1109/TITB.2010.
2041553
Fredricks Jennifer et al. (2011) Measuring Student Engagement in
Upper Elementary through High School: A Description of 21
Instruments. Issues & Answers. REL 2011-No. 098. In: Regional
Educational Laboratory Southeast. https://files.eric.ed.gov/fullt
ext/ED514996.pdf
Frost Peter, Peter Warren (2000) Virtual reality used in a collaborative
architectural design process. In: Proceedings of IEEE 2000 Conference on Information Visualization. An International Conference on Computer Visualization and Graphics, 568–573. https://
doi.org/10.1109/IV.2000.859814
Gifford Robert (2007) Environ psychol Princ pract. Optimal books
Colville, WA
Marc Hassenzahl (2010) Experience design: Technology for all the
right reasons. Synth lect human-centered inf 3(1):1–95. https://
doi.org/10.2200/S00261ED1V01Y201003HCI008
Alan Hedge et al (1989) Work-related illness in offices: a proposed
model of the sick building syndrome. Environ Int 15(1–6):143–
158. https://doi.org/10.1016/0160-4120(89)90020-2
Heydarian Arsalan et al. (2014). Immersive virtual environments:
experiments on impacting design and human building interaction. In: Proceedings of CAADRIA 2014 19th International
Conference on the Association of Computer-Aided Architectural
Design Research in Asia, 729–738.http://papers.cumincad.org/
data/works/att/caadria2014_161.content.pdf
Christoph Hölscher et al (2006) Up the down staircase: Wayfinding
strategies in multi-level buildings. J Environ Psychol 26(4):284–
299. https://doi.org/10.1016/j.jenvp.2006.09.002
Horvat Nikola et al. (2019) Comparing virtual reality and desktop
interface for reviewing 3D CAD models. In: Proceedings of
the Design Society: International Conference on Engineering
Design. Vol. 1. 1. Cambridge University Press, 1923–1932.
https://doi.org/10.1017/dsi.2019.198
iMotions (n.d.). Facial Expression Analysis. Version 2018.https://i moti
ons.com/biosensor/fea-facial-expression-analysis/
ISO (2010). ISO 9241-210:2010 Ergonomics of human-system interaction — Part 210: Human-centred design for interactive systems.
(visited on 11/29/2021)
ISO (2018) ISO 19650-1:2018 Organization and digitization of information about buildings and civil engineering works, including
building information modelling (BIM) – Information management using building information modelling – Part 1: Concepts
and principles.https://www.iso.org/standard/68078.html(visited
on 12/08/2021)
Jaeger Beverly K, Ronald R Mourant (2001) Comparison of Simulator
Sickness Using Static and Dynamic Walking Simulators. In: Proceedings of the Human Factors and Ergonomics Society Annual

13

Meeting. Vol. 45. 27. SAGE Publications Sage CA: Los Angeles,
CA, 1896–1900.https://doi.org/10.1177/154193120104502709
Juan Yi-Kai, Chen Hsing-Hung, Chi Hao-Yun (2018) Developing and
evaluating a virtual reality-based navigation system for pre-sale
housing sales. Appl Sci 8(6):952. https://doi.org/10.3390/app80
60952
Kaplan Stephen (1995) The restorative benefits of nature: Toward an
integrative framework. J environ psychol 15(3):169–182. https://
doi.org/10.1016/0272-4944(95)90001-2
Kapoor Ashish, Yuan Qi, Rosalind W Picard (2003) Fully automatic
upper facial action recognition. In: Proceedings of IEEE 2003
International SOI Conference (Cat. No. 03CH37443). IEEE,
195–202.https://doi.org/10.1109/AMFG.2003.1240843
Katsis Christos D et al (2008) Toward emotion recognition in carracing drivers: A biosignal processing approach. IEEE Trans Sys
, Man, and Cybern Part A: Sys Humans 38(3):502–512. https://
doi.org/10.1109/TSMCA.2008.918624
Kearsley Greg, Shneiderman Ben (1998) Engagement theory: A framework for technology-based teaching and learning. Educ technol
38(5):20–23
Keshavarz Behrang et al. (2015) Vection and visually induced motion
sickness: how are they related? In: Frontiers in Psychology 6,
p. 472. issn:1664-1078. https://doi.org/10.3389/fpsyg.2015.
00472.https://www.frontiersin.org/article/10.3389/fpsyg.2015.
00472
Kini Vishwas G, Shilpa Sunil (2019) Design and realization of sustainable rural housing using immersive virtual reality platform.
In: Proceedings of 25th ACM Symposium on Virtual Reality
Software and Technology, 1–2. https://doi.org/10.1145/33599
96.3364719
Klein Stanley B (2013) The complex act of projecting oneself into
the future. Wiley Interdisciplinary Rev Cognit Sci 4(1):63–79.
https://doi.org/10.1002/wcs.1210
Koelstra Reinder AL (2012) Affective and Implicit Tagging using
Facial Expressions and Electroencephalography. Queen Mary
University of London
Krukar Jakub, Ruth C Dalton, Christoph Hölscher (2016) Applying
HCI Methods and Concepts to Architectural Design (Or Why
Architects Could Use HCI Even If They Don’t Know It). In:
Architecture and Inter- action: Human Computer Interaction in
Space and Place. Ed. by Nicholas S. Dalton et al. Cham: Springer
International Publishing, 17–35. isbn:978-3-319-30028-3.https://
doi.org/10.1007/978-3-319-30028-3_2
Kruskal-wallis test (2008) In: The concise encyclopedia of statistics.
New York, NY: Springer New York, 288–290. isbn: 978-0-38732833-1.https://doi.org/10.1007/978-0-387-32833-1_16
Kuliga Saskia, James Charlton, et al. (2020) Developing a Replication
of a Wayfinding Study. From a Large-Scale Real Building to a
Virtual Reality Simulation. In: German Conference on Spatial
Cognition. Springer, 126–142. https://doi.org/10.3929/ethz-b-
000418825
Kuliga Saskia, Thrash Tyler et al (2015) Virtual reality as an empirical research tool-Exploring user experience in a real building
and a corresponding virtual model. Comput Environ Urban Syst
54:363–375. https://doi.org/10.1016/j.compenvurbsys.2015.09.
006
Küller Rikard, Wetterberg Lennart (1996) The subterranean work environment: impact on well-being and health. Environ Int 22(1):33–
52. https://doi.org/10.1016/0160-4120(95)00101-8
Kunert Andre et al (2020) Multi-Window 3D Interaction for Collaborative Virtual Reality. IEEE Trans Visual Comput Gr 26(11):3271–
3284. https://doi.org/10.1109/TVCG.2019.2914677
Kuo Hsu-Chan, Lee Chun-Chia, Chiou Wen-Bin (2016) The power
of the virtual ideal self in weight control: Weight-reduced avatars can enhance the tendency to delay gratification and regulate

Virtual Reality
dietary practices. Cyberpsycho Beh Soc Netw 19(2):80–85.
https://doi.org/10.1089/cyber.2015.0203
Law Effie LC et al. (2007) Towards a UX manifesto. In: Proceedings
of HCI 2007 The 21st British HCI Group Annual Conference,
1–2.https://doi.org/10.14236/ewic/HCI2007.95
Leon Marianthi et al (2014) Development and Testing of a Design
Protocol for Computer Mediated Multidisciplinary Collaboration during the Concept Stages with Application to the Built
Environment. Proc Environ Sci 22:108–119. https://doi.org/10.
1016/j.proenv.2014.11.011
Lisa Sullivan (2016) InterQuartile Range (IQR).http://  s phweb.
bumc.bu.edu/otlt/mph-modules/bs/bs704_summar izingdata/
bs704_summar izingdata7.html#headingtaglink_3(visited on
01/08/2020)
Llorach Gerard, Alun Evans, Josep Blat (2014) Simulator Sickness and
Presence Using HMDs: Comparing Use of a Game Controller
and a Position Estimation System. In: Proceedings of the 20th
ACM Symposium on Virtual Reality Software and Technology.
Edinburgh, Scotland: Association for Computing Machinery,
137–140. https://doi.org/10.1145/2671015.2671120
Luo Lu, Cooper Cary L (1990) Stress of job relocation: Progress and
prospect. Work & Stress 4(2):121–128. https://doi.org/10.1080/
02678379008256974
Majumdar Tulika, Martin A Fischer, Benedict R Schwegler (2006)
Conceptual design review with a virtual reality mock-up model.
In: Joint international conference on computing and decision
making in civil and building engineering, 2902–2911.http://
www.irbnet.de/daten/iconda/CIB21113.pdf
Makransky Guido, Terkildsen Thomas S, Mayer Richard E (2019)
Adding immersive virtual reality to a science lab simulation
causes more presence but less learning. Learn Instr 60:225–236.
https://doi.org/10.1016/j.learninstruc.2017.12.007
Robin Martin (1999) Adjusting to job relocation: Relocation preparation can reduce relocation stress. J Occup Organ Psychol
72(2):231–235. https://doi.org/10.1348/096317999166626
Martin Robin et al (2000) The role of attributions in psychological
reactions to job relocation. Work & Stress 14(4):347–361. https://
doi.org/10.1080/02678370010029186
McDuff Daniel et al. (2016) AFFDEX SDK: A Cross-Platform RealTime Multi-Face Expression Recognition Toolkit. In: Proceedings of the 2016 CHI Conference Extended Abstracts on Human
Factors in Computing Systems. New York, NY, USA: Association for Computing Machinery, 3723–3726. https://doi.org/10.
1145/2851581.2890247
Mel Slater, John McCarthy, Francesco Maringelli (1998) The Inuence
of Body Movement on Subjective Presence in Virtual Environments. Human Factors 40(3):469–477. https://doi.org/10.1518/
001872098779591368
Meng Zhang et al. (2020) Chapter 1 - Digital twin driven smart product
design framework. In: Digital Twin Driven Smart Design. Academic Press, 3–32. https://d oi.o rg/1 0.1 016/B
 978-0-1 2-8 18918-4 .
00001-4
Moghimi Mohammadhossein et al (2016) Inuencing human affective
responses to dynamic virtual environments. Presence Teleoperators and Virtual Environ 25(2):81–107. https://doi.org/10.1162/
PRES_a_00249
Murugappan Muthusamy et al. (2008) Time-frequency analysis of
EEG signals for human emotion detection. In: Proceedings of
4th Kuala Lumpur international conference on biomedical engineering 2008. Springer, 262–265.https://doi.org/10.1007/978-3-
540-69139-6_68
NBS (2016) What is Building Information Modelling (BIM)?https://
www.t henbs.com/knowledge/what-is-building-infor mation-
modelling-bim(visited on 12/28/2019)

Neuhäuser Markus (2011) Wilcoxon-Mann-Whitney Test. Ed. by
Miodrag Lovric. Berlin, Heidelberg: Springer Berlin Heidelberg, 1656–1658.isbn: 978-3-642-04898-2. https://doi.org/10.
1007/978-3-642-04898-2_615
Federica Pallavicini, Pepe Alessandro, Minissi Maria E (2019) Gaming
in Virtual Reality: what changes in terms of usability, emotional
response and sense of presence compared to non-immersive
video games? Simul Gaming 50(2):136–159. https://doi.org/10.
1177/1046878119831420
Parong Jocelyn, Mayer Richard E (2020) Cognitive and affective processes for learning science in immersive virtual reality. J Comput
Ass Learning 37(1):226–241. https://doi.org/10.1111/jcal.12482
Pashler Harold E (1999) The psychology of attention. MIT press
Pejic Petar et al. (2017) Application of Augmented and Virtual Reality
in Residential Complex Presentation, Case Study: Energoprojekt Sunnyville.In: Journal of Industrial Design & Engineering
Graphics 12.1.https://doi.org/10.5937/fmet1702227P
Pierce Matthew B, Philip A Young, Shawn M Doherty (2017) Engagement and Competence in VR and non-VR Environments. In: Proceedings of the Human Factors and Ergonomics Society Annual
Meeting, 2082–2085.https://d oi.o rg/1 0.1 177/1 54193 12136 02003
Plackett Robin L (1983) Karl Pearson and the chi-squared test.
In:International Statistical Review/Revue Internationale de
Statistique, 59–72.https://doi.org/10.2307/1402731
Ranasinghe Nimesha et al. (2017) Ambiotherm: enhancing sense of
presence in virtual reality by simulating real-world environmental conditions. In: Proceedings of the 2017 CHI Conference on
Human Factors in Computing Systems, 1731–1742. https://doi.
org/10.1145/3025453.3025723
Regenbrecht Holger T, Schubert Thomas W, Friedmann Frank (1998)
Measuring the Sense of Presence and its Relations to Fear of
Heights in Virtual Environments. Int J Human-Comput Interact
10(3):233–249. https://doi.org/10.1207/s15327590ijhc1003_2
Renner Rebekka S, Velichkovsky Boris M, Helmert Jens R (2013)
The perception of egocentric distances in virtual environments-a
review. ACM Comput Surveys (CSUR) 46(2):1–40. https://doi.
org/10.1145/2543581.2543590
Riva Giuseppe et al (2007) Affective interactions using virtual reality:
the link between presence and emotions. CyberPsychol Behav
10(1):45–56. https://doi.org/10.1089/cpb.2006.9993
Ruddle Roy A, Payne Stephen J, Jones Dylan M (1999) Navigating
Large-Scale Virtual Environments: What Differences Occur
Between Helmet-Mounted and Desk-Top Displays? Presence
8(2):157–168. https://doi.org/10.1162/105474699566143
Sagie Abraham, Krausz Moshe, Weinstain Yehuda (2001) To move or
not to move: Factors affecting employees’ actual relocation when
an entire plant moves. J Occup Organ Psychol 74(3):343–358.
https://doi.org/10.1348/096317901167398
Sanchez-Vives Maria V, Slater Mel (2005) From presence to consciousness through virtual reality. Nat Rev Neurosci 6:332–339. https://
doi.org/10.1038/nrn1651
Schacter Daniel L et al (2012) The future of memory: remembering,
imagining, and the brain. Neuron 76(4):677–694. https://d oi.o rg/
10.1016/j.neuron.2012.11.001
Schaufeli Wilmar B (2013). What is engagement. In: Employee engagement in theory and practice. Vol. 15. Routledge London, 29–49
Schnabel Marc A, Kvan Thomas (2003) Spatial understanding in
immersive virtual environments. Int J Archit Comput 1(4):435–
448. https://doi.org/10.1260/147807703773633455
Schrepp Martin (2019) UEQ-User Experience Questionnaire.https://
www.ueq-online.org/ (visited on 01/08/2020)
Schrepp Martin, Hinderks Andreas, Thomaschewski Jörg (2017)
Design and Evaluation of a Short Version of the User Experience Questionnaire (UEQ-S). Int J Interact Multimed Artif Intell
4(6):103–108. https://doi.org/10.9781/ijimai.2017.09.001

13

Virtual Reality
Schwind Valentin et al. (2019) Using Presence Questionnaires in Virtual Reality. In: Proceedings of the 2019 CHI Conference on
Human Factors in Computing Systems. Association for Computing Machinery, 1–12.https://doi.org/10.1145/3290605.3300590
Shapiro Samuel S, Wilk Martin B (1965) An Analysis of Variance Test
for Normality (Complete Samples). In: Biometrika 52(3/4):591–
611http://www.jstor.org/stable/2333709
Tali Sharot (2011) The optimism bias. Curr biol 21(23):941–945.
https://doi.org/10.1016/j.cub.2011.10.030
Slater Mel, Martin Usoh (1993) Presence in immersive virtual environments. In: Proceedings of IEEE Virtual Reality Annual International Symposium. IEEE, 90–96. https://d oi.o rg/1 0.1 109/V
 RAIS.
1993.380793
Slater Mel, Usoh Martin, Steed Anthony (1995) Taking Steps: The In
uence of a Walking Technique on Presence in Virtual Reality.
ACM Transact Comput Human Interact 2(3):201–219. https://
doi.org/10.1145/210079.210084
Steuer Jonathan (1992) Defining virtual reality: Dimensions determining telepresence. J commun 42(4):73–93. https://doi.org/10.
1111/j.1460-2466.1992.tb00812.x
Suddendorf Thomas, Corballis Michael C (2007) The evolution of foresight: What is mental time travel, and is it unique to humans?
Behav Brain Sci 30(3):299–313. https://doi.org/10.1017/S0140
525X07001975
Szpunar Karl K (2010) Episodic future thought: An emerging concept. Perspect Psychol Sci 5(2):142–162. https://d oi.o rg/1 0.1 177/
1745691610362350
Takahashi Kazuhiko, Akinori Tsukaguchi (2003) Remarks on emotion
recognition from multi-modal bio-potential signals. In: Proceedings of SMC’03 2003 IEEE International Conference on Systems, Man and Cy-bernetics. Conference Theme-System Security
and Assurance (Cat. No. 03CH37483). Vol. 2. IEEE, 1654–1659.
https://doi.org/10.1109/ICIT.2004.1490720
Topu Fatma B, Goktas Yuksel (2019) The effects of guided-unguided
learning in 3d virtual environment on students’ engagement and
achievement. Comput Human Behav 92:1–10. https://d oi.o rg/1 0.
1016/j.chb.2018.10.022
Usoh Martin, Kevin Arthur, et al. (1999) Walking > Walking-in-Place
> Flying, in Virtual Environments. In: Proceedings of the 26th
Annual Conference on Computer Graphics and Interactive Techniques. SIGGRAPH’99. USA: ACM Press/Addison-Wesley Publishing Co., 359–364.https://doi.org/10.1145/311535.311589
Usoh Martin, Catena Ernest et al (2000) Using Presence Questionnaires in Reality. Presence Teleoperators and Virtual Environ
9(5):497–503. https://doi.org/10.1162/105474600566989
Violante Maria G, Vezzetti Enrico, Piazzolla Pietro (2019) How to
design a virtual reality experience that impacts the consumer
engagement:the case of the virtual supermarket. Int J Interact
Des Manuf (IJIDeM) 13(1):243–262. https://doi.org/10.1007/
s12008-018-00528-5
Weber Marlene (2018) Automotive emotions: a human-centred
approach towards the measurement and understanding of drivers’
emotions and their triggers. Brunel University London

13

Weber Marlene et al (2019) Investigation of the dependency of the
drivers’ emotional experience on different road types and driving
conditions. Transp res part F traffic psychol behav 65:107–120.
https://doi.org/10.1016/j.trf.2019.06.001
Westerdahl Börje et al (2006) Users’ evaluation of a virtual reality
architectural model compared with the experience of the completed building. Autom Constr 15(2):150–165. https://doi.org/
10.1016/j.autcon.2005.02.010
Witmer Bob G, Singer Michael J (1998) Measuring Presence in Virtual
Environments: A Presence Questionnaire. Presence Teleoperators and Virtual Environ 7(3):225–240. https://doi.org/10.1162/
105474698565686
Wong Liang (2017) A review of daylighting design and implementation
in buildings. Renew Sustain Energy Rev 74:959–968. https://d oi.
org/10.1016/j.rser.2017.03.061
Xie Haiyan, Eduard Tudoreanu, Wei Shi (2006) Development of a
virtual reality safety-training system for construction workers.
In: Digital library of construction informatics and information
technology in civil engineering and construction, 1–9
Yazdani Ashkan, Jong-Seok Lee, Touradj Ebrahimi (2009) Implicit
emotional tagging of multimedia using EEG signals and brain
computer interface.In: Proceedings of the first SIGMM workshop on Social media, 81–88. https://doi.org/10.1145/1631144.
1631160
Yildirim Kemal, Akalin-Baskaya Aysu, Celebi Mine (2007) The effects
of window proximity, partition height, and gender on perceptions
of openplan offices. J Environ Psychol 27(2):154–165. https://
doi.org/10.1016/j.jenvp.2007.01.004
Yung Ryan, Khoo-Lattimore Catheryn (2019) New realities: a systematic literature review on virtual reality and augmented reality in
tourism research. Current Issues Tour 22(17):2056–2081. https://
doi.org/10.1080/13683500.2017.1417359
Zanbaka Catherine A et al (2005) Comparison of path visualizations and cognitive measures relative to travel technique in a
virtual environment. IEEE Trans Visualization and Comput Gr
11(6):694–705. https://doi.org/10.1109/TVCG.2005.92
Zhao Jiayan, Peter LaFemina, et al. (2020) Learning in the Field:
Comparison of Desktop, Immersive Virtual Reality, and Actual
Field Trips for Place-Based STEM Education. In: Proceedings of
2020 IEEE Conference on Virtual Reality and 3D User Interfaces
(VR), 893–902.https://doi.org/10.1109/VR46266.2020.00012
Jiayan Zhao, Sensibaugh Tesalee et al (2020) Desktop versus immersive virtual environments: effects on spatial learning. Spatial
Cognition Comput 20(4):328–363. https://d oi.o rg/1 0.1 080/1 3875
868.2020.1817925
Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

