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ABSTRACT This paper aims to explore the impact of sense of presence and cybersickness on the users’
expectancy and perceived similarity between virtual and the corresponding real environments. Two virtual
reality setups were tested (non-immersive and immersive) to achieve further conclusions. This research
encompassed a quantitative analysis using data collection based on questionnaires, applied to a sample of 45
participants. A virtual experience was conducted (to explore users’ cybersickness and sense of presence),
followed by a visit to the actual real sites (to determine the degree of perceived similarity between the virtual
and the corresponding real environment and if their expectations were fulfilled). Our results show a positive
correlation between the global sense of presence and perceived similarity and users’ expectancy for the
non-immersive VR setup. A positive correlation was also found between the global cybersickness on both
perceived similarity and users’ expectancy for the immersive VR setup. Implications of such results for
virtual tourism are discussed.

INDEX TERMS Cybersickness, sense of presence, users’ expectations, users’ perceived similarity, virtual
tourism.

I. INTRODUCTION

The expression “‘virtual reality” (VR) was coined by Jaron
Lanier in 1989 [1], although some attempts of implementing
VR systems have started before, for instance, with Sutherland
and his team’s experiences working on their stereoscopic dis-
play in 1968. Since then, VR systems have been extraordinar-
ily improved regarding immersion and interaction between
users and the virtual environment. VR applications are
vast and increasing [2], making them relevant in many
areas/industries [3], notably in tourism [4]. It enables new
ways of presenting more efficient, engaging, and consumer-
oriented information, from which both the tourism sector and
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consumers take benefit [1], justifying the increasingly higher
interest for tourism researchers.

The sense of presence, widely known as ‘“‘the sense of
being in a place” [1], is an essential concept regarding
communication efficiency in VR. It comprises two crucial
aspects: the capacity to provide physical immersion (isolation
from the rest of the world) and physical presence (users
behave like in real-life) [S]. These feelings are dependent on
the users’ immersion, i.e., the psychological state of being
surrounded by something [6], [7]. One of the most critical
barriers in providing a consistent sense of presence to the
users is cybersickness [2] — an undesirable side effect of
VR use [8] that can be defined as a constellation of discomfort
symptoms associated with the exposure to VR content [9].
The assumption that technology development will eradicate
cybersickness is no longer correct. Instead, recent research
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shows increasing cybersickness ratings with the technology
improvement, which is likely to increase [10], highlighting
the importance of investigation in this context.

In the particular case of virtual tourism, besides sense
of presence and cybersickness, satisfaction is an important
goal to achieve. It encourages the user to recommend that
destination to friends and family [11]-[13] and revisit it [14].
As virtual tourism does not allow physical contact, a precise
and realistic image is essential to provide relevant information
and help the user form a mental image [15]. In the tourism
context, mental imagery can be defined as a person’s mental
representation of knowledge, feelings, and global impres-
sions about a destination [11]. Thus, it is important to provide
a pleasant experience to the user to stimulate the interest to
physically visiting it and achieve satisfaction, considering
VR as a complementary tool for the tourism industry, as
defended by several authors [16]-[20]. It means that the
feelings and the emotions felt during “real” visits cannot be
replaced by virtual visits, as concluded by Losada et al. [18].
Perceived similarity is another important concept regarding
virtual tourism and, more specifically, concerning the rela-
tionship between virtual and real tourism scenarios, and it is
closely related to the concept of mental imagery [21]. For
this paper, we describe perceived similarity as a subjective
concept related to the likeness between the virtual and the
real corresponding destination images. A virtual visit to a
particular place will contribute to forming a mental image of
that scenario and, consequently, shaping the user’s expecta-
tions [12] that may match or mismatch the reality, depending
on the perceived similarity between both scenarios (virtual
and real). The discrepancy between the reality and the user’s
prior beliefs (negative expectations) results in a psycholog-
ical conflict that can persuade the user not to travel to that
destination [14], emphasizing the vital role of similarity and
users’ expectations.

Based on the match/mismatch of the users’ expectations,
we intend to explore if the users’ perceived similarity between
a virtual and the real environments and/or users’ expectations
can be affected by the symptoms of cybersickness and/or
sense of presence. The research questions (RQ) under inves-
tigation, according to each VR setup (non-immersive and
immersive), are:

RQI: Is the users’ perceived similarity between virtual
and the real corresponding environment correlated with the
cybersickness symptoms?

RQ2: Is the users’ perceived similarity between virtual
and the real corresponding environment correlated with the
perceived sense of presence?

RQ3: Are the users’ expectations, after the virtual and the
real corresponding visits, correlated with the cybersickness
symptoms?

RQ4: Are the users’ expectations, after the virtual and the
real corresponding visits, correlated with the perceived sense
of presence?

The research team decided to investigate two different
VR setups for virtual experiences so our conclusions could be
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more complex and differentiated. Accordingly, the results are
distinguished considering the ‘““non-immersive VR system”
(laptop version) and the “immersive VR system” (Head-
Mounted Display (HMD) version). Finally, these results will
be confronted with the physical visit to the corresponding real
places.

Research comparing virtual and real environments is still
rare in the literature, as attested by Wagler and Hanus [17],
highlighting this paper’s contribution. Moreover, despite the
increasing opportunities for virtual tourism, little research has
assessed such concepts (users’ expectations and perceived
similarity), especially when it comes to the use of 360°
video [17].

II. LITERATURE REVIEW

A. SENSE OF PRESENCE AND CYBERSICKNESS

Multiple definitions and dimensions of sense of presence
have been created. Nevertheless, they all share a common fea-
ture: a subjective experience of being in a place one is not [2],
only quantifiable by the user experiencing it [22]. Like
the concept of presence, cybersickness has received several
definitions. It is a product of mismatches/conflicts in informa-
tion across sensory streams, particularly in visual-vestibular
conflicts [10], [23], [24]. Cybersickness is polysymptomatic
(many symptoms) and polygenic (they vary from one person
to another), making it a complex concept to understand and
describe. Medically, cybersickness symptoms include nau-
sea, pale skin, cold sweats, vomiting, dizziness, headache,
increased salivation, fatigue, eyestrain, and difficulty focus-
ing [10]. This symptomatology shows an increase after
10 minutes of immersion [25] and can persist for several
hours [26]. 80 to 95% [25] will experience some level of
disturbance during or after exposure to VR, which tends to
negatively affect the user experience [27], [28]. The severity
of the adverse effects can be emphasized by numerous fac-
tors, such as technological (the type of display, the content
watched, the task performed and the duration of the immer-
sive experience [29]), and individual characteristics, such as
age, gender, ethnicity, and education level, as defended by
several authors [1], [2], [8], [16], [27], [30]-[36].

It is common to find ““cybersickness” linked to ‘“‘sense of
presence’ in literature, mainly due to the typically reported
discomfort caused by VR equipment usage, contributing to
decreasing the sense of presence. However, finding the fac-
tors (individual or technological characteristics) mediating
this connection still represents a “‘significant challenge” [2].
Despite being more engaging, immersive VR is more likely to
cause higher cybersickness [37], which can inhibit the users’
focus, engagement, and involvement with the virtual environ-
ment and, in turn, harm the overall user experience [6], [32],
[38]. However, on the one hand, the use of VR equipment,
such as HMD, increases users’ sense of presence, which is
considered a positive effect. On the other hand, the usage of
VR equipment presents some inconveniencies, for instance,
technical problems such as jitter and lag [26], [39],
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or concerning physical ergonomics issues (weight, weight
distribution, fit, and adjustability) [26], that limit the user
moves [2]. Generally, HMD induced symptoms and effects
are associated with the adaptation of a new spatiotemporal
change (from the real world to the virtual environment) [8].
Moreover, apart from the body discomfort, VR exposure’s
consequences lead to a lack of enjoyment [8], satisfaction
with VR use, and a lowered VE effectiveness [26]. The
related constraints may exacerbate the experienced cyber-
sickness symptoms [26]. Hence, it is common to find negative
correlations between the sense of presence and cybersick-
ness in literature, considering that higher levels of reported
symptoms or discomfort typically decrease the level of sense
of presence. First reports of negative correlations between
sense of presence and cybersickness found in the literature
started in the *90s. Witmer et al. [40] demonstrated a large
negative correlation between the scores of sense of pres-
ence and self-reported cybersickness. Later, during experi-
ments that helped establish the “Presence Questionnaire”,
Witmer and Singer [6] found that cybersickness can cause
distraction, as later supported by Nichols et al. [38]. Also,
Cooper et al. [41] suggest that when users report increased
feelings of discomfort, their perceived sense of presence
decrease. According to Weech et al. [2], this negative rela-
tionship seems to derive from factors including vection (the
illusion of self-motion [23], [42]), navigation control, and
display factors. Their combined power acts on sensory mis-
match, which leads to sense of presence and cybersickness
to drive in the opposite direction. Also, considering the
use of increasingly immersive virtual tools, which is natu-
rally dependent on the technological progress (for instance,
the emergence and accessibility of HMD), contributes to
turning an experience more immersive. Although the sophis-
ticated equipment provides the user more immersion, it also
originates more cybersickness symptoms. This idea clarifies
that immersion in VR can bring out the positive effect of
higher levels of presence and the negative consequences of
cybersickness symptoms.

The balance of evidence favors the thesis that presence and
cybersickness are negatively correlated. Nonetheless, a few
can be found in literature revealing a positive correlation
[43]-[45]. As defended by Weech et al. [2], both assumptions
are valid and not exclusive. They are dependent on the other
studied elements that can influence the sense of presence and
cybersickness, such as display factors, navigation control,
and individual characteristics. The methodology criteria can
also affect the positive/negative correlation between sense
of presence and cybersickness, for instance, using differ-
ent presence questionnaires [46], or using modern/outdated
VR headset devices.

1) MEASURING USERS’ SENSE OF PRESENCE

Presence measures are often classified into objective and
subjective measures. Objective measures assess the partic-
ipant’s automatic responses using physiological indicators/
biomarkers or behavioral indicators [47]. Physiological
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indicators can be obtained from heart rate or skin conductiv-
ity, for instance; behavioral indicators include, among others,
the assessment of reflexive responses, postural sway, mea-
surements related to task performance. Subjective measures
result from an introspection moment, that can be registered
either in established presence questionnaires after the vir-
tual experience, or using verbal/written ratings or reports
during or after the virtual experience [2]. Despite being so
criticized, questionnaires are still the most used measure to
assess sense of presence [47], [48]. As previously stated by
Sheridan [49], the subjective quality of presence needs a
subjective method to be measured. Questionnaires are often
used not only because they collect more extensive and com-
prehensive results, but also because of being easy to apply
in various contexts. On the other hand, objective measures of
presence provide less depth in measurement, and their use is
more limited [47].

2) MEASURING USERS' CYBERSICKNESS

Measurements of cybersickness, similarly to presence, can
be subjective or objective. Regarding objective methods, the
analysis of physiological markers such as gastric activity,
respiration rate, heart rate, and skin conductance are typically
used. Subjective methods are the most widely used to assess
the severity of cybersickness. Among them, questionnaires
are the most common [10], [42], [50], and oldest [10] mech-
anism used to evaluate the severity of cybersickness and
simulator sickness, such as the 16-item ‘‘Simulator Sickness
Questionnaire” (SSQ) [50]. Although this questionnaire was
created to evaluate the effects of aviation simulator dis-
plays [50], it was soon adapted to assess human symptoms
related to immersive technologies [29]. Even when using sup-
plementary material to determine cybersickness symptoms’
severity, such as postural or physiological testing, researchers
often use the SSQ [10], [42].

B. THE EFFECTS OF DISPLAY TYPES IN THE SENSE OF
PRESENCE AND CYBERSICKNESS

As commented before, immersion tends to cause adverse
effects in the user’s virtual experience, which contributes to
anticipating some conclusions regarding VR setups’ effects
in the sense of presence and cybersickness. According to the
literature, more immersive VR equipment, which tends to
provide the users a higher level of presence, will cause higher
overall cybersickness symptoms. In general, some of the
most reported problems caused by immersive display types
are discomfort in the shoulder (possibly caused by the pro-
longed static posture), discomfort associated with the usage
of VR headset, difficulty in using a hand-held input device
(when applied), distraction from the VE due to deficits in
visual display, and fear of becoming ‘““tangled” in connection
cables [26].

For instance, Sharples et al. [39], by testing four VR dis-
play types (HMD, desktop, projection, and reality theatre),
found post-exposure disorientation to be significantly higher
for participants who used an HMD than those who used
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either desktop or reality theatre. The authors also found sig-
nificantly higher scores for nausea when the users used an
HMD than those who used less immersive tools (desktop).
Also, the authors’ findings show higher overall cybersickness
scores for participants who used an HMD than those who
experienced reality theatre and desktop. These results are
similar to Bafios et al. [31], whose findings revealed more
undesirable effects (dizziness, disorientation, and nausea)
when participants wore an HMD compared to those who
experienced a PC monitor or rear-projected video wall. Also,
Liu and Uang [43] found higher cybersickness scores for
HMD compared to a standard monitor. Relatedly, results from
Vlad et al. [29] and Howarth and Costello [23] demonstrated
higher cybersickness levels for HMD than the stereoscopic
monitor. Kim et al. [51] reached similar results, concluding
that the users felt more cybersickness levels for the HMD
than CAVE and significantly more for CAVE than the desktop
version.

Lately, Xu et al. [37] concluded that the players felt sicker
(nausea and oculomotor discomfort) when playing with an
HMD than a 50-inch TV.

Sharply contrasting with such results, Hakkinen et al. [8]
found the HMD to cause significantly fewer nausea symp-
toms than the standard television. The authors postulate that
the HMD can make the participants feel better and relaxed
in an immersive movie-watching experience, reducing their
discomfort.

Lately, researchers have been focusing on how to reduce
such adverse consequences, as Monteiro et al. [3], who
developed and tested a technique (‘‘PlaneFrame’”) that can
lead to an improvement of the performance and the level
of immersion, minimizing the level of simulator sickness
with minor effects on users’ perceived level of immersion.
Besides, it does not require additional external devices, it is
not intrusive, and it is easy to adapt and use. This technique
was first applied in the first-person shooter games context.
However, it might be helpful in other VR applications, such
as tourism, allowing the users to be immersed for extended
periods (visiting a museum, for instance), as suggested by the
authors.

ill. METHODOLOGY

A. RESEARCH HYPOTHESES

Taking into consideration the literature review and the
research questions stated previously (Section I — Introduc-
tion), we believe that higher levels of immersion will lead
to a greater perceived similarity between the virtual and the
real corresponding environments, consequently meeting the
users’ expectations. On the contrary, we consider that cyber-
sickness will negatively influence the users’ perceived sim-
ilarity and expectations. Hence, we formulate the following
hypotheses:

o HI: the users’ perceived similarity between virtual and
the real corresponding environment will not be corre-
lated with cybersickness in the non-immersive VR expe-
rience. We believe that the provided low level of
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immersion will not interfere with the user experience.
Regarding the immersive experience, we expect that the
users’ perceived similarity will be negatively affected
by cybersickness. The levels of immersion provided
are high and, consequently, it is more likely to find
reports revealing higher intensity levels of cybersick-
ness. In turn, we believe that high cybersickness levels
will prevent the users from focusing on the virtual envi-
ronment and, consequently, on the task of thinking about
the similarity between the two places.

o H2: the users’ perceived similarity between virtual and
the real corresponding environment will not be cor-
related with the perceived sense of presence in the
non-immersive VR experience, due to the low levels
of immersion provided, which we believe will not be
enough to affect the user experience. Regarding the
immersive experience, we expect that the users will
report high levels of presence, which we believe will
positively interfere with their perception of similarity.

o H3: the users’ expectations after the virtual and the
real corresponding visits will not be correlated with the
cybersickness symptoms caused in the non-immersive
experience, taking into account the low level of immer-
sion provided. Regarding the immersive VR experience,
we expect that the users’ expectations after the virtual
and the real corresponding visits will be negatively
affected by cybersickness, similarly to H1.

o H4: the users’ expectations after the virtual and the
real corresponding visits will not be correlated with
the perceived sense of presence in the non-immersive
VR experience, once again, due to the low level of
immersion provided. For the immersive VR experience,
we believe that the sense of presence will positively
affect the users’ expectations. We believe that the high
sense of presence will motivate and engage the users
with the virtual environment, contributing to the fulfill-
ment of their expectations.

B. SAMPLE

A convenience sampling based on a non-probabilistic
method consisting of 45 volunteer participants (21 male and
24 female) between 18 and 79 years of age (M = 42.27,
S.D. = 17.567) was used. All participants reported normal
or corrected-to-normal vision.

C. MATERIALS

This experiment’s first purpose was to gather information
regarding the users’ sense of presence and cybersickness
for both non-immersive and immersive virtual experiences.
Secondly, we collected the information regarding the users’
perceived similarity between the virtual and the correspond-
ing real scenarios and if their expectations had been fulfilled.
For this purpose, we have considered a laptop as the non-
immersive VR tool and an HMD as the immersive VR tool.
These results were collected via questionnaire, as detailed
below.
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FIGURE 2. Capela nova (vila real) - screenshot.

Two different VR scenarios were created to prevent the
boredom of the participants who, otherwise, would have
to experience non-immersive and immersive experiences
regarding the same location, at the risk of losing their inter-
est. The first group (N = 22) visualized non-immersive
“Video 1”7 and immersive “Video 2, and the second group
(N = 23) visualized non-immersive “Video 2"’ and immer-
sive “Video 1”. “Video 1 and ‘““Video 2” correspond to
two virtual tours, one recorded in Sdao Leonardo de Galafura,
Peso da Régua (Fig. 1), and the other in Capela Nova (Fig. 2),
Vila Real, both places located in the North of Portugal. The
viewpoint of Sdo Leonardo da Galafura is a recondite space
that offers a wide and clear view over the Douro River, at
an altitude of 566 meters. Here, people could be spatially
dispersed and quietly explore and experience the landscape,
mainly surrounded by nature. Capela Nova is located in a
small square in the historic center of Vila Real, a frequent
crossing point for many people, surrounded by many stores.

D. APPARATUS

For the non-immersive virtual experiment, we provided the
participants a laptop (MacBook Pro Retina 13 i5 - 2,6GHz),
so they could freely explore the 360° panorama by using an
optical mouse to move, zoom in and zoom out in the scene.
In the immersive experiment, participants could explore the
scenario using a VR headset — Oculus Rift Development Kit 2
(DK?2). Both non-immersive and immersive experiments took
place in a quiet room, where participants had the real sound
experience of the places, by using headphones with superior
noise isolation (Audio-Technica M40x). It was intended to
give the participants a virtual tourism experience as identical
as possible to the chosen locations.
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TABLE 1. Questions to measure “similarity” and “expectancy” constructs
(translated from portuguese).

Construct Questions

1.1 feel like I have already been here before.

2.1 feel like I saw nothing new.

3. This place looks familiar to me.

4.1 saw some things I had not seen in the virtual
Similarity ~ experience. (reverse)
5. 1did not observe any differences comparing this
landscape with the virtual one.

6. The virtual experience would have been enough to
know this place.

7. The feeling I had when physically visiting this place
was greater than during the virtual experience. (reverse)

8. I felt I had a good spatial perception of the place

during the virtual experience.
Expectancy

9. I think it is more pleasant to be physically in this
place than just experience it virtually. (reverse)

10. If T had not come to this place, I would feel the
same.

E. STUDY VARIABLES

A within-subjects experimental study with a quantitative
analysis was undertaken. This study’s independent variables
are the users’ “‘sense of presence” and ‘‘cybersickness”
(first explored after the virtual experience). The dependent
variables are the “‘perceived similarity’’ and “‘expectancy”’,
which data contributed to achieving the comparison between
the virtual and the “‘real” experiences.

F. INSTRUMENTS

Regarding the measurement of the users’ sense of pres-
ence, considering that all the participants were Portuguese,
a validated Portuguese version of the Igroup Presence Ques-
tionnaire (IPQ) was used — IPQ-PT [52]. This version is an
adaptation of the original IPQ by Schubert et al. [54], and it
consists of 14-item with a 5-point Likert-scale provided for
responses. It maintains the semantic/conceptual equivalence
and content validity.

To assess the users’ cybersickness, we used the Por-
tuguese version of the SSQ questionnaire, adapted by
Bessa et al. [54], which preserves the original content
validity.

To explore the discrepancy between the users’ expectations
(formed during the VR experiences) and the sensation of
physically visiting the corresponding places (perceived simi-
larity), we developed a new entire questionnaire as there are
no other methods that allow us to achieve such results. The
questionnaire is composed of ten questions, six for the ““sim-
ilarity” construct and four for the “expectancy” construct, as
shown in Table 1:

These questions were translated from the original version,
written in Portuguese, as all the participants were Portuguese.
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TABLE 2. Experimental setup.

Virtual tour Physical visit

Non-immersive

. Immersive
experience

T
)
)
Location 1 Location 2
- B
¢ \ {0
z i — 4 > 4
o ﬂ |
w e
Location 2 Location 1 Location 1 Location 2
A Perceived Perceived
= Sense of Sense of similarity between similarity between
§ presence presence virtual and real virtual and real
T location 1 location 2
o
5;
§ Expectations Expectations
. . fulfillment after fulfillment after
S rsicknes rsickn . .
g Cybersickness  Cybersickness virtual and real virtual and real
= visits to location 1 visits to location 2

During the questionnaire development, we took into con-
sideration a simple and straightforward discourse, with no
ambiguous expressions, and the use of an accessible vocab-
ulary, as suggested by Nemoto and Beglar [55]. A 5-point
Likert-scale from “Strongly disagree” to “Strongly agree”
was provided for the responses.

A pilot study with five students was conducted to assess the
questionnaire’s performance regarding wording, clarity, and
ambiguity, as recommended by Nemoto and Beglar [55]. All
the construction was guided by one Ph.D. in psychology with
an expertise in psychometrics to ensure the correct measure-
ment of the proposed constructs.

G. PROCEDURE

As mentioned before, 45 participants experienced two differ-
ent VR systems. All the participants were tested following the
same conditions (360° video experience in a laptop, followed
by 360° video exposure using VR equipment). Accordingly,
this experiment required two different videos. The result
consisted of two videos, each with a 4000 x 4000 (top/bottom
layout) resolution. It is consistent in the literature that 360°
video is a genuine VR technology, fundamental for new con-
tent distribution, that can provide high levels of immersion at
a reasonable cost [17], [18], [56], [57].

For the experimental setup (Table 2), regarding the non-
immersive experience, the first group (N = 22) explored
Location 1 with a laptop and a mouse. For the immer-
sive experience, they explored Location 2 with the Oculus
Rift. Regarding the non-immersive experience for the second
group (N = 23), the participants explored Location 2 with
a laptop and a mouse. For the immersive experience, they
explored Location 1 with the Oculus Rift. Later, both groups
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were taken to the real corresponding sites so that they could
take their conclusions about their expectations and perceived
similarity between the virtual and the real environments.
The experiment was divided into two stages: 1) non-
immersive experience and 2) immersive experience, each one
performed for as long as the participant sought, at a maximum
of 2 minutes. This limit has in consideration findings that
reveal no significant evidence between shorter (1 or 3 min-
utes) and longer (5 or 7 minutes) VR experiences regarding
users’ sense of presence [58], [59], and cybersickness [58].
The experiment occurred as follows:
1. Explanation of the experiment and general instructions
by a member of the research team;
2. The participants read and authorized the “Free, prior
and Informed Consent”” document, by signing it;
3. The nparticipants filled out the demographic
questionnaire;
4. The participants experienced the first VR experience
(non-immersive — laptop version);
The participants filled out the post-exposure SSQ);
The participants filled out the first IPQ;
7. The research team tested the fit of the equipment to the
participants for the immersive VR experience;
8. The participants experienced the second VR experience
(immersive — with the Oculus Rift);
9. The participants filled out the post-exposure SSQ;
10. The participants filled out the second IPQ;
11. Participants were physically taken to Location 1 (Sdo
Leonardo da Galafura);
12. The participants answered the questionnaire regarding
the comparison between the virtual and the actual visit
to Location 1;
13. Participants were physically taken to Location 2
(Capela Nova);
14. The participants answered the questionnaire regarding
the comparison between the virtual and the actual visit
to Location 2.

SN

H. STATISTICAL PROCEDURES
Before the data analysis, the variables were screened for
outliers, reducing the total sample size from 45 to 43 partic-
ipants. Two outliers were detected and removed. After that,
we verified the normal distribution of the data, considering
Skewness and Kurtosis’ values that, according to George and
Mallery [60], must range between %2 to be considered nor-
mally distributed. Subsequently, we explored the significant
differences between the two videos (Location 1 and Loca-
tion 2) to check if they could be grouped for the statistical
analysis or if they had to be separately analyzed. For this
purpose, a Levene’s test was run to assess the homogeneity
of the variances, and then an independent sample t-test was
performed to make the comparisons. The outcome showed no
differences between the two videos, so they were analyzed
together.

To assess the relationship between the studied variables,
we run a Spearman’s rank-order correlation between the
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independent variables (‘“‘cybersickness’, ‘“‘sense of pres-
ence”’) and the dependent variables (‘“‘similarity” and
“expectancy’’). The analysis and the results were distinctly
made for the non-immersive and the immersive environ-
ments, as we also intended to understand if there were any
differences between the two VR setups. Thus, summarizing,
it was our goal to explore the following correlations:

1. The correlation between the sense of presence and
its subscales and perceived similarity, for the non-
immersive environment;

2. The correlation between the sense of presence and its
subscales and perceived similarity, for the immersive
environment;

3. The correlation between the sense of presence and
its subscales and expectancy, for the non-immersive
environment;

4. The correlation between the sense of presence and
its subscales and expectancy, for the immersive
environment;

5. The correlation between cybersickness and its sub-
scales and perceived similarity, for the non-immersive
environment;

6. The correlation between cybersickness and its sub-
scales and perceived similarity, for the immersive
environment;

7. The correlation between cybersickness and its
subscales and expectancy, for the non-immersive
environment;

8. The correlation between cybersickness and its sub-
scales and expectancy, for the immersive environment.

As previously discussed, there was a need to develop a ques-
tionnaire to measure the underlying constructs (the similarity
between the virtual and the real places, and the fulfillment
of the users’ expectations after visiting the virtual and the
real places). The first construct (*“‘similarity’”) consisted of six
questions, and the second construct (“‘expectancy’’) consisted
of four questions, as detailed before. A test to explore the
internal consistency of the scale was applied.

IV. RESULTS

Regarding the questionnaire that measures the similarity and
expectancy constructs, we performed a test to assess the inter-
nal consistency level of the scale. Results demonstrated a high
internal consistency level, as determined by a Cronbach’s
alpha of 0.734 for the “‘similarity” construct and 0,705 for
the “expectancy” construct. According to DeVellis [61] and
Kline [62], all recommended values must be 0,7 or higher.

To assess the data’s normal distribution, we performed a
statistical analysis to verify Kurtosis and Skewness’ values,
which ranged, respectively, between —1.020 and +1.964, and
—0.717 and 1.399, revealing a normal distribution.

Results will be presented distinguishing the non-immersive
(Table 3) and the immersive (Table 4) VR experiences
with the real physical visits. Subsequently, these results
will be compared, considering the VR setup and the self-
reported sense of presence and cybersickness. Regarding
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TABLE 3. Summary of the results found for the non-immersive
experience with spearman’s correlation analysis (N = 43). Significant
correlations are highlighted in bold.

Users’ global
Similarity
(r=0.447, p=0.003)
(r&=0.200, p=0.198)
(r=0.122, p=0.437)
(r=0.365, p=0.016)

Users’ global
Expectancy

(r=0.429, p=0.004)
(r=0.275, p=0,074)
(r=0.101, p=0,521)
(r=0.417, p=0.005)

Realism
Spatial Presence

Involvement

so[eosqng
20UdsaIg

Global Presence

Nausea (r=0.059, p=0.7006) (r=0.160, p=0.305)
Oculomotor _ _ _ _
discomfort (r=0.194, p=0.212) (r=0.264, p=0.087)

Disorientation
Global
Cybersickness

(t=0.131,p=0.401)  (r,=0.211, p=0.174)

so[easqng
SSOUYOISIOqAD)

(r=0.173, p=0.267) (re=0.251, p=0.105)

TABLE 4. Summary of the results found for the immersive experience
with spearman’s correlation analysis (N = 43). Significant correlations are
highlighted in bold.

Users’ global
Similarity
(r=10.191, p=0.221)
Spatial Presence (rs=0.029, p=0.855)
Involvement (rs=-0.106, p=0.499)
Global Presence (1= 0.098, p=0.531)

Users’ global

Expectancy
(r=0.071, p=0.652)
(r=-0.032, p=0,836)
(r;=0.041, p=0,795)
(r=-0.006, p=0.969)

Realism

so[eosqng
Q0ussaI

~ Nausea (r=0.230, p=0.138)  (r=10.337, p=0.027)
©»'S  Oculomotor _ _ _ _
;T £ giscomfort (r=0.312, p=0.042)  (r,=0.376, p=0.013)
= % Disorientation (rs=0.316, p=0.039) (r.=0.261, p=0.091)
© & Global (r=0.343, p=0.024)  (r;= 0.353, p=0.020)
Cybersickness 5= 0349, =0 5= 0:993, =0

the non-immersive VR environment, Spearman’s correlation
analysis indicates statistically significant positive correla-
tions between the global sense of presence score and both
the users’ perceived similarity (ry = 0.365, p < 0.05)
and expectancy (ry = 0.417, p < 0.01). We also found
a statistically significant positive correlation between the
subscale of sense of presence “‘realism’ and both the users’
perceived similarity (rs = 0.447, p < 0.01) and expectancy
(rs = 0.429, p < 0,01). No statistically significant corre-
lations were found between any cybersickness subscale and
the perceived similarity or expectancy for the non-immersive
environment.

Concerning the immersive environment, the Spearman’s
correlation analysis indicated a statistically significant pos-
itive correlation between the cybersickness global score and
both the users’ perceived similarity (r; = 0.343, p < 0, 05)
and expectancy (rs = 0.353, p < 0, 05). Four statistically
significant positive correlations were found between other
variables: 1) between the cybersickness subscale ‘‘disori-
entation” and the perceived similarity (ry = 0.316, p <
0, 05); 2) between the cybersickness subscale ‘“‘oculomotor
discomfort” and the users’ perceived similarity (ry = 0.312,
p < 0,05); 3) between the cybersickness subscale “oculo-
motor discomfort” and the users’ expectancy (rs = 0.376,
o < 0, 05); 4) between the cybersickness subscale “‘nausea’
and expectancy (r; = 0.337, p < 0,05). No statistically
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significant correlations were found between any presence
subscale and the perceived similarity or expectancy for the
immersive environment.

V. DISCUSSION
Regarding the RQ1, findings from this investigation revealed

no correlation between cybersickness and the users’ per-
ceived similarity for the non-immersive experience, as we
hypothesized. For the immersive experience, our results
showed a significant positive correlation between the global
cybersickness scores and the perceived similarity, contrary to
what we were expecting. This positive correlation is surpris-
ing, as we were anticipating that the discomfort associated
with the high levels of immersion (cybersickness) would con-
tribute to making the users focus less on the virtual environ-
ment and on the task of thinking about the similarity between
the two sites. We believe that such results can be explained
by the eventual high levels of relaxation caused by the virtual
tourism experience, making the users ignore the discomfort,
as postulated by Hakkinen et al. [8].

Regarding the correlation between the sense of presence
and the users’ perceived similarity (RQ?2), a significant posi-
tive correlation was found for the non-immersive VR experi-
ence, but none for the immersive VR experience, contrary to
what we were expecting. Due to the low levels of immersion
provided in the non-immersive VR setup, we were expecting
no correlation between the variables. In turn, we were sup-
posing that the higher levels of immersion provided in the
immersive experience would increase the users’ sense of pres-
ence, and consequently, positively interfere with the users’
perceived similarity, which did not occur. Nevertheless, this
conclusion is important to clarify that, even though the users
are provided with low levels of immersion in a virtual tourism
experience, the perceived sense of presence will be enough to
make them understand a certain destination.

Considering the correlation between the users’ expecta-
tions and cybersickness (RQ3), we found no correlation
for the non-immersive experience, as expected. However,
we found a significant positive correlation for the immersive
experience, contrary to what we were anticipating. Moreover,
for the immersive experience, we identified a statistically
significant positive correlation between the users’ perceived
similarity and the cybersickness subscales, ‘““‘oculomotor dis-
comfort” and ‘‘disorientation’’, and also between the users’
expectancy and the cybersickness subscales, “nausea” and
“oculomotor discomfort”. In other words, according to our
findings, high levels of cybersickness can indicate greater
perceived similarity scores and the greater fulfillment of the
users’ expectations. This conclusion emphasizes the postula-
tion of Hakkinen et al. [8], as previously detailed.

Regarding the RQ4, we detected a significant positive cor-
relation between the users’ expectations and the perceived
sense of presence for the non-immersive experience, and no
correlation for the immersive experience, contrary to what
we were expecting. Additionally, we detected a statistically
significant positive correlation between the realism subscale

of sense of presence and both similarity and expectancy
79692

TABLE 5. Summary of the results according to the formulated Research
Questions (RQ) and Hypotheses’ (H) confirmation or rejection.

Results

Research Questions/Hypotheses Immersive VR

experience

Non-immersive
VR experience
RQ1: Is the users' perceived
similarity between virtual and the
real corresponding environment
correlated with the cybersickness
symptoms?

No correlation  Significant positive
found correlation found

Rejected — we were

H1 Confirmed expecting a negative
correlation
RQ2: Is the wusers' perceived .
R . fi
similarity between virtual and the Slgm_ icant
. . positive .
real corresponding environment . No correlation found
. . correlation
correlated with the perceived found

sense of presence?

Rejected —we  Rejected — we were
H2 were expecting  expecting a positive
no correlation correlation

RQ3: Are the users' expectations,
after the virtual and the real

. .. No correlation ignificant positiv
corresponding visits, correlated 0 correlatio Significant positive

found correlation found

with the cybersickness
symptoms?
Rejected — we were
H3 Confirmed  expecting a negative
correlation
RQ4: Are the users' expectations, .
afgr the virtual andp the real Slgnlﬁcam
corresponding  visits, correlated positive No correlation found
. . correlation
with the perceived sense of found

presence?

Rejected —we  Rejected — we were
H4 were expecting  expecting a positive
no correlation correlation

variables for the non-immersive experience. This finding sup-
ports the importance of providing a realistic and relevant men-
tal representation of the destination to the user, highlighting
the concept of mental imagery for virtual tourism [11], [15].
This finding was obtained for the non-immersive VR setup.
However, it makes us believe that, despite the associated low
levels of immersion, non-immersive VR setups comply with
the goal of providing high levels of realism.

According to the research questions, Table 5 summa-
rizes the above-described results and presents the formulated
hypotheses’ confirmation or rejection.

Regarding this paper’s limitations, we highlight the
non-validation of the developed questionnaire, although
our results demonstrate a high internal consistency level.
Nonetheless, this paper contributes to fill a gap in the liter-
ature, as the comparison between virtual and ““real” experi-
ences israre [17]. We recommend further research to entrench
our conclusions. Moreover, we suggest that future investiga-
tion in this field must involve a bigger sample size and the
concern for the individual characteristics, such as age, gender,
ethnicity, education level, and personality, considering their
influence on the VR experiences, and taking into account that
they are significantly less explored [32], [63].

VI. CONCLUSION
This research aimed to understand the impact of sense of

presence and cybersickness on the users’ perceived similarity
between the virtual and the corresponding real environment
VOLUME 9, 2021



M. Magalhdes et al.: Relationship Between Cybersickness, Sense of Presence, and Users' Expectancy

IEEE Access

and the users’ expectations after the virtual visit, consider-
ing two different VR setups. On the one hand, our results
show four statistically significant correlations for the non-
immersive VR experiment, all of them related to the presence
variables and none related to the cybersickness variables.
On the other hand, six statistically significant correlations
were found for the immersive environment, all related to the
cybersickness variable and none to the sense of presence.
Firstly, these results reinforce the correlation between immer-
sion and cybersickness [2], [6], [40]. Secondly, we underline
the power of non-immersive experiences to promote tourism.
Although more obsolete, we believe, based on the positive
correlations found between realism and the perception of
similarity and between realism and the users’ expectations,
that non-immersive VR setups have been doing positive work
for the success of virtual tourism.
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