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Abstract. For e-commerce retailers it is crucial to present their products both
informatively and attractively. Virtual reality (VR) systems represent a new
marketing tool that supports customers in their decision-making process and
offers an extraordinary product experience. Despite these advantages, the use of
this technology for e-commerce retailers is also associated with risks, namely
cybersickness. The aim of the study is to investigate the occurrence of cyber-
sickness in the context of the customer’s perceived enjoyment and the perceived
challenge of a VR product presentation. Based on a conceptual research
framework, a laboratory study with 533 participants was conducted to determine
the influence of these factors on the occurrence of cybersickness. The results
demonstrate that the perceived challenge has a substantially stronger impact on
the occurrence of cybersickness, which can only be partially reduced by per-
ceived enjoyment. When realizing VR applications in general and VR product
presentations in particular, e-commerce retailers should therefore first minimize
possible challenges instead of focusing primarily on entertainment aspects of
such applications.

Keywords: Cybersickness � Virtual reality � Product presentation �
User experience

1 Introduction

In the last few years, virtual reality (VR) has become a very important instrument for
companies to present their products in e-commerce. VR provides unique visualization
possibilities and gives users the feeling of being in a different place. Especially in
industries where products are difficult to evaluate by consumers prior to purchase, VR
can support consumers during their decision-making process [1]. For example, large
hotel chains such as Marriot and Hilton are already presenting hotels with VR. As with
games, product presentations in VR provide an enjoyable user experience that awakens
curiosity and challenges the potential guest [2]. Current study results show that modern
VR applications for product presentation are suitable for both apparel retailing [3] and
the tourism industry [4], and that they support customers in product assessment. Fur-
thermore, it has been shown that consumers would purchase a virtual reality system if
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more useful applications were available on the market [5]. Despite the great advantages
of this new technology, cybersickness is a serious problem for e-commerce retailers.
The contribution of this paper is threefold: based on a literature review, we will develop
a conceptual research framework that describes the relationships between the identified
factors influencing cybersickness (1). A large-scale empirical laboratory study with 533
participants was conducted to determine the effects on cybersickness (2). Furthermore,
we will provide practical recommendations for e-commerce retailers to avoid cyber-
sickness in VR product presentations (3).

2 Related Work

Immersive VR technology is continuously improving and spreading. Large application
areas include the game industry (“The Lost Future: VR Shooter”, [6]), education
(“Chemistry VR Cardboard”, [7]), medicine (“Stanford Health Anatomy Tours”, [8]),
as well as business [9] and tourism applications (“VR Cities”, [10]). However, a shared
negative side effect is common in most usage types: cybersickness. This denotes a form
of motion sickness suffered frequently by users exposed to virtual environments.
Compared to normal motion sickness, cybersickness arises when a subject feels
motion, due to changing visual stimuli, while actually staying stationary [11].

Cybersickness manifests in various forms, such as headaches, blurred vision,
salivation, eye strain, dizziness or even vomiting [12]. However, symptoms and their
level of severity differ considerably between individuals.

2.1 Cybersickness Causes

In literature [13, 14], three main theories on the cause of cybersickness can be found:
(1) the theory of sensory conflict, (2) the theory of postural instability and (3) the
poison theory.

The sensory conflict theory states that motion sickness results from discrepancies in
the information provided by different sensory modalities. Each time we move, the brain
computes the difference of the outgoing motor signals and the incoming sensory input.
If the signals do not match, a “sensory conflict” occurs [15]. For instance, if a person
sits on a chair while wearing a head-mounted display using smartphone based virtual
reality (SBVR) and moves around in the hotel resort, the eye signals that the person is
moving, whereas the motor-sensory information of the body is stating ‘no movement’.
Hence, the motor-signal of the body (rest) is different from the sensory input of the eye
(movement). According to the sensory conflict theory, these discrepancies in infor-
mation cause cybersickness.

The theory of postural instability was developed by Riccio and Stoffregen [16].
They assumed a fundamental link between perception and action. Since postural
control is essential to every kind of behavior, motion sickness is conceived as a result
of prolonged postural instability. Depending on the ability to control one’s own body
and on the passive stability of the body in the absence of restraints, postural instability
occurs. This means that if users are not familiar with moving in virtual environments,
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they may feel unable to maintain postural control. This lack of control causes temporal
postural instability and therefore, cybersickness until the user has adapted.

The poison theory looks at cybersickness from an evolutionary point of view. As
early as 1977, Treisman [17] claimed motion sickness to be a result of difficulties in
programming eye or head movements. These difficulties arise when consistent and
unpredictable disturbances between the spatial frameworks of vestibular, visual or
proprioceptive inputs occur. The brain’s automated reply when encountering such
“hallucinated” disturbances is acting against poison ingestion. In this view, cyber-
sickness is based on a maladaptive process, which originally helped the body to get rid
of toxic substances.

Besides the three main theories on the causes of cybersickness, there are other
factors discussed in the literature. Not surprisingly, technological issues can favor
cybersickness, such as flicker, time lag or positions outside the design of eye point.
Additionally, not every VR device and virtual environment holds the same risk of
triggering cybersickness [18].

Considering the perception of the virtual environment itself, susceptibility to
cybersickness may also vary if the position of the user in the imagery is not at the
design eyepoint. Every virtual scene has a viewing region in which the user perceives
the imagery best. The optimal viewing position is called the “design eyepoint”. As the
user moves away from this center, the perception of imagery becomes more and more
distorted until the imagery is totally imperceptible. Perceiving those distorted visual
keys may induce symptoms of cybersickness [19].

Military research suggests that watching other people interacting with the virtual
environment is more likely to trigger cybersickness than controlling the input by
oneself [19]. Probably, movements and interaction results can be more easily antici-
pated when interacting directly with a virtual environment [19, 20]. This is even more
relevant when interactions might be unexpected, e.g. in flight simulators with advisors
and trainee pilots [19].

In order to reduce as much as possible the risk of cybersickness due to such
technical factors, the application used in the study locates the user right in the design of
the eye point. Since only one user interacts with the application, unanticipated inter-
actions are eliminated.

3 Research Framework and Hypotheses Development

VR is receiving increasing attention and thus more effort is being put into the devel-
opment of new gadgets and applications [21–24]. The main aim of these is to offer new
and more realistic experiences and interactions in a virtual world. To become a suc-
cessful and widely used technology (like for example smartphones), the acceptance of
users is essential. Not only for VR, but for any other kind of information technology
(IT) several criteria need to be satisfied to gain user acceptance. The “Technology
Acceptance Model” (TAM) combines these factors and predicts the individual adoption
and usage of ITs [25]. This study examines the effects of SBVRs on the user’s well-
being and its research hypotheses are derived from the criteria for user acceptance of
TAM 3 [26]. In TAM 3 several additional determinants were developed, which refer to
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perceptions based on the general beliefs of an individual regarding computers and their
usage [27]. The relevant factors of the TAM 3 examined in this study are described in
the following sections.

3.1 Perceived Challenge

The construct of perceived challenge is based on a combination of various different
factors, all posing possible risks to maintaining an enjoyable virtual product experience
for a user. For instance, a feeling of anxiety or a lack of confidence in one’s own
capabilities of using VR systems can prevent a user from having a pleasant virtual
product experience [28].

Other reasons for not having an enjoyable virtual product experience may be
excessive effort to clearly perceive the VR imagery due to visual limitations, or high
cognitive effort to understand a task in general. Additionally, unfamiliarity with the
functionalities of VR technology is another common reason, as well as task-specific
factors such as time constraints or bad visibility conditions. As the theory of postural
instability states, if users are not familiar with moving in virtual environments, they
may feel unable to maintain postural control, which triggers cybersickness. Therefore,
the research hypothesis to be verified is as follows:

H1: The challenge perceived by the user while using a VR product presentation has a
positive influence on the occurrence of cybersickness

In addition, we suggest that the perceived challenge influences not only the
occurrence of cybersickness, but also the perceived enjoyment of a VR product pre-
sentation. If the perceived challenge is caused by physical factors, such as blurred
imagery due to visual limitations, unintuitive control or complex functionalities, this is
an unpleasant experience for the user. We therefore assume that tasks giving users the
feeling of being overstrained will have a negative impact on their perceived enjoyment.
In view of this, the hypothesis to be examined is as follows:

H2: The challenge perceived by the user while using a VR product presentation has a
negative influence on the perceived enjoyment of such an application

3.2 VR Anxiety

VR anxiety describes the apprehension or even a sort of fear which arises when facing
the possibility of using a VR System. As previous research has shown, this appre-
hension regarding computer systems may arise from unknown developments and their
underlying processes, or a lack of detailed introduction to a new technology or bad
early experiences with it [26]. Since SBVRs is a very new marketing tool for virtual
product presentation, most customers know little about the development and under-
lying processes of this new technology. Rather, an SBVR looks very futuristic for the
customer in comparison to traditional digital devices (e.g. laptop, desktop, tablet) and is
thus reminiscent of science fiction. Therefore, we assume that if a general apprehension
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in using such futuristic systems exists, these feelings are also transferred to tech-
nologies using virtual environments. Accordingly, we assume in this study that if users
are afraid of using a SBVR, they could perceive the actual use of a SBVR as
demanding. Consequently, the research hypothesis to be verified is as follows:

H3: The users VR anxiety about using a VR product presentation has a positive
influence on the challenge perceived by the user while using such an application

3.3 VR Self-efficacy

VR self-efficacy refers to the control belief of an individual during the usage of a VR
system [27]. The belief that one does or does not have control over a system depends
on personal judgment of one’s own capabilities in interacting with it. Users who are not
confident about successfully performing a given task using VR technologies perceive
the task as very challenging or complex. If users believe they are able to perform a
specific task using a specific computer system, their self-efficacy is strong, and they
will not have the feeling of being confronted with a challenging problem. Therefore,
the research hypothesis to be verified is as follows:

H4: The users VR self-efficacy regarding using a VR product presentation has a
negative influence on the challenge perceived by the user while using such an
application

3.4 Perceived Enjoyment

The construct of perceived enjoyment describes the intrinsic motivation of an indi-
vidual to use a system independent of any performance benefits, just because the use of
the system generates enjoyment [29]. Within the scope of this study, the construct of
perceived enjoyment quantifies whether and to what extent the VR product presentation
provides the user with enjoyment or pleasure. It thus reflects the hedonistic perspective
of the system experience [30].

The unique visualization options in SBVRs open up a completely new form of
product presentation (e.g., hotels, automobiles). Due to the immersive experience, users
feel that they actually are in another world. In this artificially created world, users can
independently explore the virtual environment in a natural way, to get an impression of
the offered product. For instance, the detailed and realistic presentation of a travel
accommodation creates a unique, immersive and interactive product experience,
whereby the feelings of fun and pleasure for the customer may be stimulated. As
previous research shows, vivid three-dimensional product presentations and the pos-
sibility of direct interactions with the product are important factors that increase the
perceived enjoyment of the potential customer [31–33].

In addition, several studies have revealed that perceived enjoyment has a negative
effect on the occurrence of simulator sickness [34, 35]. As the researchers argue, users
suppress symptoms of simulator sickness when they enjoy the virtual environment.
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Consequently, users are more willing to experience a degree of these negative symp-
toms if the virtual experience is related to pleasure, enjoyment and fun. The users’
perception is thus outweighed by the feeling of enjoyment, which reduces the occur-
rence of cybersickness. In view of this, the hypothesis to be examined is as follows:

H5: The perceived enjoyment by the user while using a VR product presentation has
a negative influence on the occurrence of cybersickness

3.5 Curiosity

Curiosity is defined as “a desire to know, to see, or to experience that motivates
exploratory behavior directed towards the acquisition of new information” [36,
p. 793]. Curiosity thus represents the intrinsic expectation of the user that the acqui-
sition of additional information is a joy [36]. Furthermore, curiosity is one of the central
factor, which is frequently used in behavioral research to explain the intrinsically
motivated usage of technology [37, 38].

As previous research shows [36, 39–41], the intrinsically motivated curiosity is
responsible for the development of perceived enjoyment. Rouibah argues in his study
on the use of instant messaging services, that the perceived enjoyment of direct online-
based communication is not the result of the conversation itself, but rather the intrinsic
motivation of learning something new about the communication partner [39].

This intrinsic desire to discover, to see or to experience something new could be
stimulated by the immersive experience of an SBVR. With the innovative visualization
and interaction possibilities of this technology, the virtual world becomes an impressive
interactive experience, which continuously stimulates the user´s curiosity. In the cur-
rent study, curiosity is created by both well prepared contents and technology that
triggers the ‘wow’ effect. The panoramic images of the hotel resort show the most
beautiful views of the complex and convey a relaxing, quiet, clean and modern
atmosphere. On the technological side, curiosity is created by offering several locations
in the hotel complex that can be visited by the user. These movement possibilities make
the users curious to explore the available locations in the hotel further. Thus, the
acquisition of new knowledge becomes an entertaining experience for the users.
Accordingly, the hypothesis to be verified is as follows:

H6: The curiosity aroused in the user through a VR product presentation has a
positive influence on the user’s perceived enjoyment of such an application

3.6 Telepresence

Telepresence describes the subjective perception of users as to what extent the physical
reality is wholly or partly substituted by the VR [42–44]. Thus, the telepresence reflects
the perceived feeling of users of being more in the VR than in the physical reality
[44, 45]. The more immersive the design of a VR product presentation, the more users
feel isolated from the physical world [46]. By this decoupling the immersion of users is
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further strengthened, until they feel they totally belong to the virtual world. As previous
research has revealed, this immersive feeling of being there could enhance perceived
enjoyment. In the context of virtual changing rooms the findings indicate that while
using a virtual changing room, users escape into a fictional world, which gives them
pleasure and thus increases the perceived enjoyment [47].

Such fictional worlds can be created with SBVR. By using 360-degree panoramic
images, an extraordinary user experience is created in which users immerse themselves
in an unknown world. In addition, the natural interaction with the virtual world
increases the degree of immersion. This gives users the intense feeling of being there.
Wherever users turn their heads, they can see another aspect of the virtual product,
which provides a strong feeling of immersion and can increase the perceived enjoyment
of the virtual product presentation. The research hypothesis to be verified is as follows
(Fig. 1):

H7: The feeling of telepresence provided to the user by a VR product presentation
has a positive influence on the user’s perceived enjoyment of such an application

4 Study

4.1 Study Participants

In total, 569 questionnaires were collected. After the elimination of 36 questionnaires,
which were incomplete, a total of 533 questionnaires were used for the analysis.
Table 1 indicates that of the 533 participants 44.8% were female. Over 94% of the
respondents were familiar with the term ‘virtual reality’ and around 50% of them
already used VR. A large group of our study participants, almost 60%, were students
between 20 and 29 years old. About 25% of the participants were between 30 and 49
years old and working as employees (33.2%).

Fig. 1. Conceptual research framework.
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For the analysis of the proposed model, we used structural equation modeling.
Especially in the context of new technologies like VR and for modeling latent variables
the Partial Least Squares (PLS) approach is well suited [48]. In addition, PLS has
proven to be suitable for modeling structural equations, exploring the structure of
existing theories, and identifying the dominant constructs of a model. [49]. Therefore,
the model estimation was performed with SmartPLS 3.2.6 [50].

4.2 Task: VR Product Presentation

Since SBVRs are a new technology we could not assume that all the study participants
were familiar with the technology and thus able to evaluate it. Therefore, it was
necessary to provide a VR product presentation to familiarize them with the technol-
ogy. The self-developed application contains 43 professional 360-degree panorama
photographs of a hotel in Greece. It allows users to virtually explore the hotel by
navigating via hotspots to certain points of interest such as the wellness area, the beach
and the lobby. In addition, an extra menu was implemented that could be displayed if
the user looks downwards, for a certain amount of time. From a technical point of view,
the application consists of the above described photographs which were exported using
the 3D visualization software Unity and the Oculus Rift Application Programming
Interface for the Samsung Galaxy S7 (Fig. 2).

Table 1. Characteristics of respondents (n = 533).

Characteristics Frequency Percentage (%)

Gender Female 239 44.8
Male 294 55.2

Age Under 20 21 3.9
20–29 321 60.2
30–39 89 16.7
40–49 41 7.7
50–59 33 6.2
60+ 28 5.3

Profession Student 324 60.8
Employee 177 33.2
Pensioner 17 3.2
Others 15 2.8

Smartphone owner Yes 525 98.5
No 8 1.5

Familiar with term “virtual reality” Yes 503 94.4
No 30 5.6

Virtual reality used Yes 273 51.2
No 260 48.8
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4.3 Operationalization

The constructs of the research model were operationalized on the basis of established
items that were adapted to our study design. While standards such as age, gender, travel
habits and prior experience with VR are incorporated, we also examine the effects of
VR exposure on users. The questionnaire consists of 28 statements, covering the
following factors: perceived challenge, curiosity, perceived enjoyment, cybersickness,
telepresence, VR anxiety and VR self-efficacy.

The participants rate each statement on a Likert-scale, where seven signals ‘I
strongly agree’ and one means ‘I strongly disagree’. The construct perceived challenge
(four items) is based on the scale of Novak et al. [51]. Three items from Agarwal and
Karahanna were adapted to measure curiosity [37]. The construct of perceived
enjoyment comprises six items, derived from Childers et al. [52]. Four items from the
scale of Kennedy et al. were used for the operationalization of the cybersickness
construct [53]. The construct of telepresence was operationalized using three items
from Klein [42]. Four items from Venkatesh and Bala were adapted for the mea-
surement of the construct VR anxiety [26]. Also, the construct VR self-efficacy based on
the scale of Venkatesh was queried by four items [27].

4.4 Data Collection and Design of the Study

In preparation for the recruitment of the study participants, we developed a website
containing important information on the study. This also helped us to coordinate the
appointments. The recruitment was carried out in two steps. Firstly, a personalized
invitation was sent by e-mail to all students to draw attention to the study. In total,
about 4,000 students were approached. In addition, we personally contacted companies
and organizations by telephone. In consequence, 235 employees agreed to participate
in the research. The study was conducted from November 2016 to February 2017 in a
laboratory where all subjects could move freely. During the study, 569 users partici-
pated: 334 students and 235 non-students.

Fig. 2. Screenshot from VR product presentation.
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The study was conducted in four major steps (Fig. 3): we started the research by
showing the participants a self-produced introductory video that explained the aim of
the study. In a second step an initial short questionnaire was handed to the participants
asking for their travel habits and some sociodemographic information such as gender,
age and occupation. It was also important in this step to ask them about their experience
with VR before they actually used the VR device. At the beginning of the third phase,
the subjects were given the VR glasses to watch a demonstration video. After the
demonstration, an audio playback started, in which the scenario was described: the
participants had to imagine that they were planning a two-week all-inclusive trip and
they had the chance to get an impression of a hotel by using a VR product presentation.
To make sure that the participants actively used the application we gave them a small
task. The task was to find out what color the chairs at the beach were. The participants
had 10 min to explore the VR product presentation. Finally, a second questionnaire
was given to the participants that aimed to assess the VR product presentation of the
hotel. To ensure anonymity, both questionnaires were put into a sealed envelope on
completion.

Fig. 3. Design of the study.
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5 Results

5.1 Assessment of the Measurement Model

The assessment of the measurement model included the evaluation of the internal
consistency reliability, convergence validity, and discriminant validity [49]. For
internal consistency, typically the Cronbach’s alpha coefficient (a) is calculated. Fol-
lowing Nunnally´s recommendation of a minimum value of 0.7 all factors fulfilled this
requirement [54]. In addition, an assessment of the composite reliability (qc) and the
Dijkstra-Henseler’s coefficient (qA) was performed [55]. Again, all values were above
the required minimum values for the respective criteria. Therefore, the internal con-
sistency was given.

Table 2. Validity and reliability of the constructs.

Construct and items Loading a qA qc AVE

Criteria > 0.7 > 0.7 > 0.7 > 0.7 > 0.5
Challenge (CHAL) 0.736 0.781 0.826 0.544
Using the virtual reality application …

was a challenge for me 0.702
was exhausting for me 0.771
was demanding for me 0.814
challenges me to perform the best
of my ability

0.653

Curiosity (CURI) 0.858 0.871 0.914 0.780
The virtual tour …
excites my curiosity 0.914
arouses my imagination 0.801
makes me curious 0.930
Enjoyment (ENJ) 0.908 0.921 0.929 0.688
Using the virtual reality application …

is fun 0.867
is enjoyable 0.899
is pleasant 0.905
is entertaining 0.771
is boringa 0.738
is exciting 0.780
Cybersickness (CSICK) 0.852 0.880 0.899 0.691
While I was using the virtual reality application,…
I had a queasy feeling in my
stomach

0.784

I got nauseous 0.820
I got vertigo 0.828
I had an uncomfortable feeling 0.890

(continued)

216 K. Israel et al.



In a second step, the convergence validity of the measurement model was examined
by the outer factor loadings and the average variance extracted. The outer factor
loadings of the assigned indicators should exceed 0.7 [49]. Almost all items fulfilled
this requirement, which is visualized in detail in Table 2. Only one item of the con-
struct challenge had a lower outer loading. In this regard, we investigated whether the
elimination of this indicator leads to an increase in composite reliability. This was not
the case, so the indicator was maintained as it increased internal consistency and
contributes to content validity [49]. After the examination of the outer loadings the
average variance (AVE) was determined. As shown in Table 3, the minimum
requirement of 0.5 was met by all factors [48]. Consequently, convergence validity was
confirmed by both outer factor loadings and the average variance.

To assess discriminant validity the Fornell-Larcker criterion was used [56].
According to the Fornell-Larcker criterion the average variance of a construct must be

Table 2. (continued)

Construct and items Loading a qA qc AVE

Telepresence (TELE) 0.810 0.822 0.888 0.727
While I was using the virtual
reality application, I felt as if I
were in another world

0.768

Through the virtual simulation I
had the feeling of really
experiencing the situation

0.884

When I navigated through the
virtual world, I felt I was in a
different place

0.899

VR anxiety (VRANX) 0.906 0.911 0.934 0.781
If I imagine having to use virtual reality glasses,…
it scares me 0.876
it makes me nervous 0.827
it makes me uncomfortable 0.934
it makes me uneasy 0.895
VR self-efficacy (VRSE) 0.864 0.876 0.908 0.711
I would dare to use virtual reality glasses…
if I had only the manual for
reference

0.761

if I had seen someone else using it
before trying it myself

0.892

if someone showed me how to do
it first

0.882

if I had enough time to become
familiar with virtual reality
glasses

0.832

a Reverse coded.
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higher than the squared inter-correlations between the constructs. From Table 3 we can
observe that the criterion was met by all constructs. We also used the heterotrait-
monotrait (HTMT) ratio of correlations to verify discriminant validity. Taking the more
conservative value HTMT.85 the results in Table 3 show that the discriminant validity
of the measurement model was also confirmed by the HTMT method since all results
are below the threshold value of 0.85 [57].

5.2 Assessment of the Structural Model

Several measures are suggested to assess the structural model. In a first step we used
the coefficient of determination (R2) [49]. According to Cohen the proportion of the
explained variance is considered as small from 0.02, as medium from 0.13, and as large
from 0.26 [58]. Figure 4 shows that all endogenous variables had medium and large
values. Besides the coefficient of determination, the predictive relevance (Q2) of the
structural model was assessed with the Stone-Geisser test [59, 60]. The Stone-Geisser
makes it possible to determine whether the established model is suitable for the
reconstruction of empirical data (Q2 > 0) [61]. The Stone-Geisser criterion was met by
all endogenous variables (Fig. 4). Finally, the structural model was assessed by using
the standardized root mean square residual (SRMR) value. The model fit can be

Table 3. Squared-inter-correlations between constructs (AVE shown in bold on diagonal) and
HTMT.85 criterion (gray).

CHAL CURI ENJ CSICK TELE VRANX VRSE
CHAL 0.544 0.185 0.265 0.452 0.136 0.410 0.078
CURI 0.030 0.780 0.782 0.229 0.570 0.209 0.237 
ENJ 0.064 0.484 0.688 0.275 0.557 0.295 0.218 
CSICK 0.176 0.040 0.066 0.691 0.085 0.275 0.036
TELE 0.006 0.225 0.228 0.004 0.727 0.111 0.128
VRANX 0.116 0.035 0.077 0.061 0.008 0.781 0.141
VRSE 0.004 0.042 0.038 0.000 0.011 0.014 0.711 

Table 4. Results of hypothesis testing.

Relationships Path coefficient CI (Bias Corrected) t-Value p-Value Supported

H1 CHAL ! CSICK 0.402*** [0.282, 0.471] 7.844 0.000 Yes
H2 CHAL ! ENJ –0.138*** [–0.214, –0.068] 3.695 0.000 Yes
H3 VRANX ! CHAL 0.338*** [0.237, 0.442] 6.239 0.000 Yes
H4 VRSE ! CHAL –0.021 [–0.081, 0.120] 0.478 0.633 No
H5 ENJ ! CSICK –0.161*** [–0.270, –0.070] 3.204 0.000 Yes
H6 CURI ! ENJ 0.582*** [0.481, 0.669] 12.102 0.000 Yes
H7 TELE ! ENJ 0.191*** [0.120, 0.269] 5.075 0.000 Yes

Note: *** p < 0.001.
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confirmed if values are below 0.08 [48, 49]. For our model the SRMR had a value of
0.06, so the requirements were fulfilled.

In order to examine the research hypotheses a analysis of the path coefficients was
conducted. However, the significance of the respective paths is verified by using the
bootstrapping method (5,000 subgroups). The results showed that six of the seven
proposed relationships were highly significant. (Table 4). The factors curiosity and
telepresence both had a positive influence on the perceived enjoyment with an SBVR
(b = 0.582***; b = 0.191***). Perceived enjoyment was on the other hand negatively
influenced by the factor perceived challenge (b = –0.138***). The results also showed
that perceived enjoyment significantly reduced cybersickness (b = –0.161***), while
perceived challenges increased cybersickness (b = 0.402***). Additionally, we found
a significant effect of VR anxiety on the perceived challenge associated with using the
SBVR (b = 0.338***). Only the proposed relationship between VR self-efficacy and
perceived challenge (b = –0.021) could not be confirmed.

6 Discussion and Recommendations for VR Product
Presentations

Cybersickness can be a large obstacle to a successful application of VR product pre-
sentations. If users start feeling sick while navigating in a virtual world, their excite-
ment obviously decreases, and it is likely that the customers’ satisfaction with an
innovative product experience decreases likewise. According to the results of this
study, retailers need to design VR product presentations with low user requirements.
The main reason for this is that demanding VR product presentations significantly
increase the occurrence of cybersickness (ß = 0.402***). Furthermore, a high level of
perceived challenge significantly decreases the perceived enjoyment of a virtual world
(ß = –0.138***). These two impacts make perceived challenge the most important
factor that needs to be regulated in order to create a VR product presentation with a low
risk of triggering cybersickness.

Fig. 4. PLS results of the structural model.
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The perceived challenge of a VR product presentation describes the level of dif-
ficulty when dealing with it. There are several factors that enhance the perceived
challenge, such as an unintuitive control, complex functionalities, or anxiety. Cus-
tomers who are not technophiles might have concerns about using new technology:
they do not know how the systems work and are reluctant to use them. In particular, for
innovative technology, such as VR, a fear of the unknown virtual world quickly arises.
This VR anxiety, results in a significant increase of the perceived challenge of VR
product presentations (ß = 0.338***).

On the other hand, the findings suggest that VR self-efficacy has no impact on the
perceived challenge. Apparently, even a poor evaluation of a user’s own capabilities
does not increase the perceived challenge of a VR product presentation. This is an
advantage for retailers offering VR product presentations in non-technical areas: even
unexperienced customers can enjoy the full benefits of an exciting, interactive product
experience.

However, the perceived challenge of a VR product presentation does not only
increase the occurrence of cybersickness – it also affects the perceived enjoyment of the
application (ß = –0.138***), which itself has the potential to reduce cybersickness.
A high level of perceived challenge obviously decreases the perceived enjoyment. The
feeling of being challenged too much, or even being overstrained, enhances frustration
and clearly reduces fun. If customers get the feeling of not being able to manage the
requirements of a VR product presentation, they will stop using it. This impact of
perceived challenge on perceived enjoyment further strengthens the design recom-
mendation for retailers to focus on a low-level challenging virtual product presentation.

Furthermore, increased perceived enjoyment reduces the occurrence of cybersick-
ness (ß = –0.161***). The more enjoyable a VR product presentation is, the fewer
symptoms of cybersickness occur. A reason for this might be that if the interaction with
the virtual world is fun, users pay less attention to distracting details. The focus lies on
the content, the acquisition of information and the interaction with the environment,
which pushes technical inaccuracies into the background. In order to create an exciting
“wow” effect for customers, curiosity (ß = 0.582***) and telepresence (ß = 0.191***)
are crucial factors.

A VR product presentation, which creates curiosity about the product and makes
the consumers feel present in the virtual world, enhances the subjective perceived
enjoyment most effectively (ß = 0.582***). For some customers, innovative technol-
ogy itself is the basic motivation to test the application. The crucial aspect for retailers
is then to pick up on this curiosity and stimulate it further. The VR product presentation
needs to present the product in an interesting way. For example, a virtual customization
in real-time (e.g. by changing the color of a product or adding optional functionalities),
or the possibility to explore details of the product, might encourage customer curiosity.
If the intrinsic wish of acquiring as much information about a product as possible
(curiosity) is successfully created, the customer feels entertained while using the VR
product presentation and enjoys the innovative experience.

The perceived enjoyment can be enhanced even further if an immersive (telep-
resence) virtual environment is offered (ß = 0.191***). The more immersion users feel
in a virtual world, the more fascinated they are and the more enjoyable and interesting
the experience becomes. If interactions with the virtual product feel real, customers
create positive memories, which typically will support a purchase decision.
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7 Conclusion

In the current study, we created a conceptual research framework which describes the
relationships between the factors influencing cybersickness. The relationships of the
different factors were evaluated in a study with 533 participants. At first, all participants
watched a self-produced introductory video that explained the aim of the study. In a
second step a short questionnaire was used to collect the participants’ travel habits,
sociodemographic information and their experience with VR. After completing the first
questionnaire the subjects were given 10 min to explore the virtual tour in a hotel resort
using 43 professional 360-degree panoramic images. Finally, a second questionnaire
assessed the VR product presentation.

As a result, it turned out that six out of the seven relationships in question had
significant positive and negative effects on each other. Perceived challenge was the
most important factor to cope with: a highly challenging application increases cyber-
sickness and reduces perceived enjoyment. Perceived challenge can be enhanced by VR
anxiety but is not affected by VR self-efficacy. Curiosity and telepresence both support
perceived enjoyment significantly, which itself significantly reduces the occurrence of
cybersickness.

We conclude that the findings generally support the positive effect of a virtual
product presentation on consumers. This unfamiliar experience poses challenges,
which can reduce the fun of using the VR product presentation and increases the
occurrence of cybersickness.

Using the results of this study, some basic recommendations for developing a
successful VR application can be deduced. VR developers in general and e-commerce
retailers in particular should pay special attention to the two influencing factors of
perceived challenge and perceived enjoyment. It is crucial to keep the recommended
order of: first reduce perceived challenge in the VR application and then enhance
perceived enjoyment. Since perceived challenge has effects on cybersickness and
perceived enjoyment, it is also important to reduce the risk of cybersickness as much as
possible and then make use of the additional, beneficial impact of perceived enjoyment.
If these recommendations are taken into account carefully, the VR product presentation
for marketing purposes can be beneficial for retailers and consumers alike. Whereas
consumers enjoy a new and exciting product experience, retailers earn the benefits of
this innovation via positive purchase decisions.

7.1 Limitations and Future Research

In the present study, a conceptual research model was developed in which important
factors were identified that both increase and decrease the occurrence of cybersickness.
Although this study provides important academic and practical insights into the
occurrence of cybersickness, the findings are subject to several limitations that may be
investigated in future research.

While our study had a large sample size, one limitation is that all participants had a
similar cultural background. Future research results conducted with participants from
other cultures may therefore differ from the results of this study. In particular, cultural
differences in technology affinity may have an influence on the occurrence of cyber-
sickness and should therefore be investigated in further studies.
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Furthermore, the sample included a large proportion of participants under the age
of 30. Through a more homogeneous distribution of the study participants among the
different age groups, age-specific differences could be identified in future studies,
which would contribute to a more general understanding of the occurrence of cyber-
sickness in VR applications.

Due to the central role of the perceived challenge for the occurrence of cyber-
sickness, this factor should be further specified in future studies. In this respect, it
would be interesting to investigate to what extent technology-related features of
SBVRs (e.g. display resolution, usability, wearing comfort) influence the perceived
challenge for users.

References

1. Guttentag, D.A.: Virtual reality. Applications and implications for tourism. Tour. Manag.
31(5), 637–651 (2010)

2. Malone, T.W.: Heuristics for designing enjoyable user interfaces. In: Nichols, J.A.,
Schneider, M.L. (eds.) Proceedings of the 1982 Conference on Human Factors in Computing
Systems, pp. 63–68. ACM Press, New York (1982)

3. Lau, K.W., Lee, P.Y.: Shopping in virtual reality: a study on consumers’ shopping
experience in a stereoscopic virtual reality. Virtual Reality (2018, in press)

4. Disztinger, P., Schlögl, S., Groth, A.: Technology acceptance of virtual reality for travel
planning. In: Schegg, R., Stangl, B. (eds.) Information and Communication Technologies in
Tourism 2017, pp. 255–268. Springer, Cham (2017). https://doi.org/10.1007/978-3-319-
51168-9_19

5. Manis, K.T., Choi, D.: The virtual reality hardware acceptance model (VR-HAM): extending
and individuating the technology acceptance model (TAM) for virtual reality hardware.
J. Bus. Res. (2018, in press)

6. DiVi Inc: The lost future: VR shooter. https://www.icaros.com. Accessed 16 Jan 2019
7. ARLOOPA Inc. Augmented and virtual reality apps: chemistry VR – cardboard. https://play.

google.com/store/apps/details?id=com.arloopa.chemistryvr. Accessed 16 Jan 2019
8. Fusion Tech Inc: Stanford health anatomy tours. https://appadvice.com/app/stanford-health-

care-anatomy-tours-with-vr/1101932135. Accessed 16 Jan 2019
9. Sotheby’s international realty: 3D tours and virtual reality on sothebysrealty.com. https://

www.sothebysrealty.com/eng/virtual-reality. Accessed 16 Jan 2019
10. Smart2IT B.V.: VR cities. https://play.google.com/store/apps/details?id=com.Smart2it.VR.

Smart2VR.VRCities. Accessed 16 Jan 2019
11. Arns, L.L., Cerney, M.M.: The relationship between age and incidence of cybersickness

among immersive environment users. In: IEEE Proceedings. VR 2005. Virtual Reality,
2005, pp. 267–268. IEEE (2005)

12. Stanney, K.: Realizing the full potential of virtual reality: human factors issues that could
stand in the way. In: Proceedings Virtual Reality Annual International Symposium 1995,
pp. 28–34. IEEE Computer Society Press (1995)

13. LaViola, J.J.: A discussion of cybersickness in virtual environments. ACM SIGCHI Bull.
32(1), 47–56 (2000)

14. Mousavi, M., Jen, Y.H., Musa, S.N.B.: A review on cybersickness and usability in virtual
environments. Adv. Eng. Forum 10, 34–39 (2013)

222 K. Israel et al.

http://dx.doi.org/10.1007/978-3-319-51168-9_19
http://dx.doi.org/10.1007/978-3-319-51168-9_19
https://www.icaros.com
https://play.google.com/store/apps/details?id=com.arloopa.chemistryvr
https://play.google.com/store/apps/details?id=com.arloopa.chemistryvr
https://appadvice.com/app/stanford-health-care-anatomy-tours-with-vr/1101932135
https://appadvice.com/app/stanford-health-care-anatomy-tours-with-vr/1101932135
https://www.sothebysrealty.com/eng/virtual-reality
https://www.sothebysrealty.com/eng/virtual-reality
https://play.google.com/store/apps/details?id=com.Smart2it.VR.Smart2VR.VRCities
https://play.google.com/store/apps/details?id=com.Smart2it.VR.Smart2VR.VRCities


15. Reason, J.T.: Motion sickness adaptation: a neural mismatch model. J. R. Soc. Med. 71(11),
819–829 (1978)

16. Riccio, G.E., Stoffregen, T.A.: An ecological theory of motion sickness and postural
instability. Ecol. Psychol. 3(3), 195–240 (1991)

17. Treisman, M.: Motion sickness: an evolutionary hypothesis. Science 197(4302), 493–495
(1977)

18. Shafer, D.M., Carbonara, C.P., Korpi, M.F.: Modern virtual reality technology: cybersick-
ness, sense of presence, and gender. Media Psychol. Rev. 11(2) (2017)

19. Pausch, R., Crea, T., Conway, M.: A literature survey for virtual environments: military
flight simulator visual systems and simulator sickness. Presence Teleoperators Virtual
Environ. 1(3), 344–363 (1992)

20. Jinjakam, C., Hamamoto, K.: Simulator sickness in immersive virtual environment. In: The
5th 2012 Biomedical Engineering International Conference, pp. 1–4. IEEE (2012)

21. Manus VR: The pinnacle of virtual reality controllers. https://manus-vr.com. Accessed 16
Jan 16 Jan 2019

22. Birdly®: The ultimate cream of flying. https://www.somniacs.co/. Accessed 16 Jan 2019
23. Teslasuit: full body haptic suit. https://teslasuit.io. Accessed 16 Jan 2019
24. Taclim: The VR haptic feedback system for human limbs that further immerses you in VR

worlds. https://taclim.cerevo.com. Accessed 16 Jan 2019
25. Davis, F.D.: Perceived usefulness, perceived ease of use, and user acceptance of information

technology. MIS Q. 13(3), 319–340 (1989)
26. Venkatesh, V., Bala, H.: Technology acceptance model 3 and a research agenda on

interventions. Decis. Sci. 39(2), 273–315 (2008)
27. Venkatesh, V.: Determinants of perceived ease of use: integrating control, intrinsic

motivation, and emotion into the technology acceptance model. Inf. Syst. Res. 11(4), 342–
365 (2000)

28. Ghani, J.A., Deshpande, S.P.: Task characteristics and the experience of optimal flow in
human-computer interaction. J. Psychol. 128(4), 381–391 (1994)

29. Davis, F.D., Bagozzi, R.P., Warshaw, P.R.: Extrinsic and intrinsic motivation to use
computers in the workplace. J. Appl. Soc. Psychol. 22(14), 1111–1132 (1992)

30. Hirschman, E.C., Holbrook, M.B.: Hedonic consumption: emerging concepts, methods and
propositions. J. Market. 46(3), 92 (1982)

31. Kim, J., Fiore, A.M., Lee, H.-H.: Influences of online store perception, shopping enjoyment,
and shopping involvement on consumer patronage behavior towards an online retailer.
J. Retail. Consum. Serv. 14(2), 95–107 (2007)

32. Ozkara, B.Y., Ozmen, M., Kim, J.W.: Examining the effect of flow experience on online
purchase: a novel approach to the flow theory based on hedonic and utilitarian value.
J. Retail. Consum. Serv. 37, 119–131 (2017)

33. Scarpi, D.: Work and fun on the internet the effects of utilitarianism and hedonism online.
J. Interact. Market. 26(1), 53–67 (2012)

34. Nichols, S., Haldane, C., Wilson, J.R.: Measurement of presence and its consequences in
virtual environments. Int. J. Hum. Comput. Stud. 52(3), 471–491 (2000)

35. Lin, J.J.-W., Duh, H.B.L., Parker, D.E., Abi-Rached, H., Furness, T.A.: Effects of field of
view on presence, enjoyment, memory, and simulator sickness in a virtual environment. In:
Proceedings IEEE Virtual Reality 2002, pp. 164–171. IEEE Computer Society (2002)

36. Litman, J.: Curiosity and the pleasures of learning: wanting and liking new information.
Cogn. Emot. 19(6), 793–814 (2005)

37. Agarwal, R., Karahanna, E.: Time flies when you’re having fun: cognitive absorption and
beliefs about information technology usage. MIS Q. 24(4), 665–694 (2000)

Presenting Your Products in Virtual Reality 223

https://manus-vr.com
https://www.somniacs.co/
https://teslasuit.io
https://taclim.cerevo.com


38. Moon, J.-W., Kim, Y.-G.: Extending the TAM for a world-wide-web context. Inf. Manag.
38(4), 217–230 (2001)

39. Rouibah, K.: Social usage of instant messaging by individuals outside the workplace in
Kuwait: a structural equation model. Inf. Technol. People 21(4), 34–68 (2008)

40. Kashdan, T.B., Rose, P., Fincham, F.D.: Curiosity and exploration: facilitating positive
subjective experiences and personal growth opportunities. J. Pers. Assess. 82(3), 291–305
(2004)

41. Loewenstein, G.: The psychology of curiosity: a review and reinterpretation. Psychol. Bull.
116(1), 75–98 (1994)

42. Klein, L.R.: Creating virtual product experiences: the role of telepresence. J. Interact.
Market. 17(1), 41–55 (2003)

43. Nowak, K.L., Biocca, F.: The effect of the agency and anthropomorphism on users’ sense of
telepresence, copresence, and social presence in virtual environments. Presence Teleoper-
ators Virtual Environ. 12(5), 481–494 (2003)

44. Steuer, J.: Defining virtual reality. Dimensions determining telepresence. J. Commun. 42(4),
73–93 (1992)

45. Sanchez-Vives, M.V., Slater, M.: From presence to consciousness through virtual reality.
Nat. Rev. Neurosci. 6, 332–339 (2005)

46. Lombard, M., Snyder-Duch, J.: Interactive advertising and presence. J. Interact. Advertising
1(2), 56–65 (2001)

47. Song, K., Fiore, A.M., Park, J.: Telepresence and fantasy in online apparel shopping
experience. J. Fashion Market. Manag. Int. J. 11(4), 553–570 (2007)

48. Henseler, J., Hubona, G., Ray, P.A.: Using PLS path modeling in new technology research:
updated guidelines. Ind. Manag. Data Syst. 116(1), 2–20 (2016)

49. Hair, J.F., Hult, T.M., Ringle, C.M., Sarstedt, M.: A primer on partial least squares structural
equation modeling (PLS-SEM). SAGE Publications, Inc., Thousand Oaks (2017)

50. Ringle, C.M., Wende, S., Becker, J.-M.: SmartPLS 3. http://www.smartpls.com. Accessed
16 Jan 2019

51. Novak, T.P., Hoffman, D.L., Yung, Y.-F.: Measuring the customer experience in online
environments: a structural modeling approach. Market. Sci. 19(1), 22–42 (2000)

52. Childers, T.L., Carr, C.L., Peck, J., Carson, S.: Hedonic and utilitarian motivations for online
retail shopping behavior. J. Retail. 77(4), 511–535 (2001)

53. Kennedy, R.S., Lane, N.E., Berbaum, K.S., Lilienthal, M.G.: Simulator sickness question-
naire: an enhanced method for quantifying simulator sickness. Int. J. Aviat. Psychol. 3(3),
203–220 (1993)

54. Nunnally, J.C.: Psychometric Theory. McGraw-Hill, New York (1978)
55. Dijkstra, T.K., Henseler, J.: Consistent partial least squares path modeling. MIS Q. 39(2),

297–316 (2015)
56. Fornell, C., Larcker, D.F.: Evaluating structural equation models with unobservable

variables and measurement error. J. Mark. Res. 18(1), 39–50 (1981)
57. Henseler, J., Ringle, C.M., Sarstedt, M.: A new criterion for assessing discriminant validity

in variance-based structural equation modeling. J. Acad. Mark. Sci. 43(1), 115–135 (2015)
58. Cohen, J.: Statistical Power Analysis for the Behavioral Sciences. Elsevier Science,

Burlington (2013)
59. Geisser, S.: A predictive approach to the random effect model. Biometrika 61(1), 101–107

(1974)
60. Stone, M.: Cross-validatory choice and assessment of statistical predictions. J. Roy. Stat.

Soc. Ser. B (Methodol.) 36(2), 111–147 (1974)
61. Marcoulides, G.A.: Modern Methods for Business Research. Psychology Press, New York

(2013)

224 K. Israel et al.

http://www.smartpls.com

	Presenting Your Products in Virtual Reality: Do not Underestimate Cybersickness
	Abstract
	1 Introduction
	2 Related Work
	2.1 Cybersickness Causes

	3 Research Framework and Hypotheses Development
	3.1 Perceived Challenge
	3.2 VR Anxiety
	3.3 VR Self-efficacy
	3.4 Perceived Enjoyment
	3.5 Curiosity
	3.6 Telepresence

	4 Study
	4.1 Study Participants
	4.2 Task: VR Product Presentation
	4.3 Operationalization
	4.4 Data Collection and Design of the Study

	5 Results
	5.1 Assessment of the Measurement Model
	5.2 Assessment of the Structural Model

	6 Discussion and Recommendations for VR Product Presentations
	7 Conclusion
	7.1 Limitations and Future Research

	References




