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Virtual reality (VR) is becoming increasingly important in
education, offering immersive learning experiences. However,
head-mounted displays (HMDs) often cause side effects such as
cybersickness and discomfort, which can affect learning
outcomes. The study of side effects using validated tools is
becoming increasingly important as it can influence the perceived
quality of education. An overview of virtual reality and tools for
measuring side effects can be a starting point for future research
and suggests that the prevalence of VR sickness is still
problematic and little is known about side effects, also making
these issues a primary aim of future studies and considering not
only students but also professionals involved in Virtual Reality
Education.
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1 Introduction

In recent years, Virtual Reality (VR) has played an increasingly important role in
education, providing opportunities for learning through simulations that safely and
effectively replicate real-world environments and situations. VR allows students and
professionals to practice in highly immersive virtual environments; however, the use
of immersive VR devices, such as head-mounted displays (HMDs), during or after
VR immersion can cause certain side effects known as cybersickness (e.g., nausea,
headache, dizziness, disorientation) or discomfort (e.g., thermal discomfort, weight
discomfort), which can negatively affect the user experience. This review will

provide a starting point for future research into virtual reality and adverse effects.
2 Virtual Reality in Education

VR is an advanced technology that allows users to immerse themselves in digitally
simulated environments and interact in a multi-sensory way through devices such as
headsets, hand controllers and sensors to simulate realistic experiences (Elmgaddem,
2019). In fully immersive VR, users are completely immersed in a virtual
environment, creating a highly realistic and interactive experience. This technology
relies on VR headsets, glasses, hand controllers and various sensor devices to closely
simulate real-life situations. Immersive VR, as described by Freina and Ott (2015),
aligns with the concept of HMD and motion tracking to achieve a sense of complete
'presence’ in an artificial environment. This technology allows the user to engage and
practice with realistic scenes and objects, creating a multi-sensory dynamic
experience that evokes the feeling of being in a real environment, all within a virtual

environment (Simén-Vicente et al., 2024).

VR for the consumer market is currently mostly used for gaming and entertainment
(viewing 360 videos and live events), but the scope is very broad and suitable for use
in industrial and business environments (Somrak et al., 2019). In the following years,
numerous competitors entered the market and launched their own HMDs, making
this innovative technology accessible to a wider audience, including for research and

educational purposes (Jensen and Konradsen, 2018).
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Their immersive nature is not always an advantage, and in some cases the immersive
experience can even hinder learning, as it can distract from the task at hand (Jensen
and Konradsen, 2018).

In educational contexts, the effectiveness of VR use has been extensively
investigated, with several reviews supporting its use. However, these reviews have
tended to focus either on the causes of cybersickness in different contexts (Chang,
Kim, & Yoo, 2020; Saredakis et al., 2020; Caserman et al., 2021) or on the
acceptability and feasibility of VR (Bazavan et al., 2021; Renganayagalu et al., 2021;
Tang et al., 2022; Bicalho et al, 2023; Simén-Vicente et al.,, 2024). Although
numerous studies reported cases of cybersickness and discomfort (Renganayagalu et
al., 2021), these issues were often addressed as secondary outcomes. While HMDs
have shown promise in many settings, they have been documented to produce worse
cybersickness outcomes than traditional desktop displays (Yildirim, 2019). These
symptoms can occur during or after HMD use and can impair user performance and
force sensitive users to terminate VR use prematurely, even in controlled

experimental settings (Mittelstaedt et al., 2018).
3 Side Effects Of Virtual Reality

Side effects of using virtual environments have been referred to by many terms,
including simulator sickness (Kennedy et al., 1993), motion sickness (Kennedy et al.,
2010), cybersickness (LaViola, 2000), and VR sickness (Kim et al., 2018).

The term simulator sickness originated from the eatly use of flight simulators in the
military (Kennedy et al.,, 1993) and is still used in research using modern HMD
technology (Tyrrell et al., 2018).

The term motion sickness refers to a range of symptoms experienced in moving
environments, such as air, land or sea travel, and is not specific to HMDs. Symptoms
can vary significantly depending on the context; for example, nausea tends to be
more intense in seasickness than in simulator use (Kennedy et al., 2010). In addition,
the symptomatology associated with sickness differs between technologies. Research
has shown that HMDs often produce severe symptoms related to nausea, dizziness
and blurred vision (Kennedy et al., 2003).



44TH INTERNATIONAL CONFERENCE ON ORGANIZATIONAL SCIENCE DEVELOPMENT:

126
HUMAN BEING, ARTIFICIAL INTELLIGENCE AND ORGANIZATION

The term cybersickness was coined to describe adverse effects resulting from the
use of virtual environments (McCauley and Sharkey, 1992); it encompasses a range
of symptoms similar to motion sickness, particularly associated with the use of VR
technology, such as nausea, dizziness, disorientation and eye strain (LaViola, 2000).
Currently, cybersickness is not formally recognised as a health condition (Keshavarz
et al., 2019). This problem is compounded by a lack of understanding of the
underlying causes of cybersickness and the existence of competing theories to
explain its occurrence (Chang, Kim and Yoo, 2020). It is likely to be caused by a
mismatch between the physical properties of the screen (‘accommodation') and the
focal point of the virtual environment that the user is observing (‘'vergence'). This
mismatch between the optical information received through the HMD and other
sensory inputs, such as spatial perception, can lead to symptoms such as nausea,
headaches and general discomfort (Davis et al., 2014; Rupp, 2024). Several potential
solutions to the 'vergence-accommodation conflict' ate being explored, which may
have implications for the wider use of VR in medical education (Kramida, 2016;
Vovk et al,, 2018). In the meantime, technical advances such as improved HMD

resolution and reduced latency are being implemented to mitigate these symptoms.

Discomfort refers to a range of physical and psychological symptoms that users may
experience when using VR headsets (Chen, Wang and Xu, 2021). Ergonomic
problems such as excessive weight, uneven distribution of gravity, localised pressure,
restricted head mobility and inadequate thermal regulation can result from the
weight, fit and prolonged wear of HMDs, especially if the device is pootly adjusted.
The weight of the device can influence the duration and impact of user discomfort.
In particular, when experiencing VR with an HMD, wearing a heavy object on the
head for long periods of time may cause discomfort to the user, regardless of the
VR content (Chang, Kim and Yoo, 2020). Comfort therefore relates to the personal
experience of wearing the headset (Rupp, 2024). These ergonomic challenges not
only negatively impact the physical and mental well-being of users, but also limit the
potential applications of VR technology in various fields (Chen, Wang and Xu,
2021). Advances in graphics, sensors and battery technology can increase the weight
and thermal profile of the headset, so VR headset designers must balance immersion

and comfort to optimise the user experience (Rupp, 2024).
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3.1 Tools for the evaluation of cybersickness and discomfort

Measuring VR sickness is a fundamental part of determining prevalence and
symptomatology in virtual environments. There are objective and subjective
methods of assessing the severity of simulator sickness. The Simulator Sickness
Questionnaire (SSQ) (Kennedy et al., 1993) is the most commonly used validated
sickness scale (Rebenitsch and Owen, 2016), but dedicated Likert scales asking study
participants to rate individual symptoms are also used (KKeshavarz and Hecht, 2011).
Very few studies report the use of objective physiological measures (e.g. heart rate,
skin conductance, electroencephalograms, eye blink rate, and electrogastrogram)
that do not rely on individual self-report data (Kim et al., 2005).

3.1.1 Simulator Sickness Questionnaire (SSQ)

The SSQ was developed by Kennedy, Lane, Berbaum and Lilienthal in 1993. The
scale contains 16 items grouped into three non-exclusive categories that assess
disorientation (difficulty concentrating, nausea, head fullness, blurred vision,
dizziness with eyes open, dizziness with eyes closed, dizziness), nausea (general
discomfort, sweating, nausea, vomiting), and oculomotor disturbance (difficulty
concentrating, fatigue, abdominal awareness, burping), nausea, difficulty
concentrating, abdominal awareness, burping) and oculomotor disturbance (general
discomfort, fatigue, headache, eye pain, difficulty focusing, difficulty concentrating,
blurred vision) on a 4-point Likert scale (0 none, 1 mild, 2 moderate, 3 severe). The
score for each category is defined as the sum of its symptom scores. These subscales
are weighted differently, multiplied by a constant scaling factor and summed to give
the SSQ total score. The SSQ total score ranges from 0 to 235.62 (Simén-Vicente et
al., 2024); total scores are obtained using a conversion formula in which the highest
scores indicate the most severe disorders and, for each domain, a score between 5
and 10 is considered as minimal symptoms, between 10 and 15 significant
symptoms, between 15 and 20 significant symptoms and more than 20 severe
symptoms. A total score above 20 was considered "poor’ (Stanney et al., 1997). The
questionnaire has good internal consistency (Cronbach's alpha of 0.87). The scale
was originally developed to assess simulator sickness in flight simulators (Kennedy
et al., 1993); however, it has also been used in VR, although there is ongoing debate
about the relationship between cybersickness and simulator sickness (Stanney et al.,
1997; Bos, Diels, and Souman, 2022).
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3.1.2 Simulator Sickness Questionnaire - French (SSQ-F)

The French adaptation of the SSQ was validated by Bouchard et al (2007), who
criticised the SSQ for its complicated factor structure and for having been developed
on a dataset of military personnel; the factors were revised on the basis of a
population of adults from the general public and different HMDs were evaluated.
The SSQ-F contains 16 items grouped into two categories: nausea (general
discomfort, increased salivation, sweating, nausea, headache, dizziness with eyes
open, dizziness with eyes closed, vertigo, abdominal awareness, burping) and
oculomotor (fatigue, headache, eye strain, difficulty focusing, difficulty
concentrating, head fullness, blurred vision), rated on a 4-point Likert scale from 0
(not at all) to 3 (very much). Bouchard et al (2007) reported their results as means
for the nausea (from 0 to 27) and oculomotor (from 0 to 21) factors and the total

score as the sum of these means (from 0 to 48).
3.1.3  Virtual Reality Sickness Questionnaire (VRSQ)

The VRSQ is an extended iteration of the SSQ. Kim et al. (2018) used nine
symptoms from the original SSQ to represent oculomotor and disorientation
constructs. Its items were derived from the SSQ and tailored to assess symptoms
experienced in a virtual reality environment (Josupeit, 2023). The scale consists of
nine items divided into two categories: disorientation (including headache, feeling
full, blurred vision, dizziness with eyes closed and vertigo) and oculomotor
(including general discomfort, fatigue, headache, eye strain and difficulty focusing).
Responses are measured on a 4-point Likert scale (0 none, 1 mild, 2 moderate, 3 very
severe). The total VRSQ score is calculated by averaging the scores from the
oculomotor and disorientation categories, but the scale does not provide a specific

total score.

Sevinc & Ilker (2020) found in their study that the VRSQ is more specifically
designed to measure cybersickness and has better psychometric properties for
assessing HMD VR applications when compared to the SSQ and SSQ-F, which are
instruments designed to measure simulator sickness. They provided evidence for the
validity of the VRSQ as a measure of cybersickness, whereas the SSQ and SSQ-F
could not be psychometrically validated. Their results provided evidence for the
reliability of all measures. The VRSQ was highly sensitive to differences between the



8. Cossio et al.: Side effects of using V'irtual Reality Tools and Their Measurement 129

application aspects of the VEs evaluated, although they investigated fewer

symptoms than the simulator sickness scales.
3.1.4 Motion Sickness Assessment Questionnaire (MSAQ)

The MSAQ is a validated instrument for the assessment of motion sickness; it was
developed by Gianaros at al. (2001) and is used to assess motion sickness as a
multidimensional construct. It was developed to measure motion sickness in general,
without a specific focus on VR and simulators. These distinct dimensions may
respond differently to different types of real or apparent motion. Furthermore,
individuals may experience different degrees of activation along each of these
dimensions in the same type of motion environment. The MSAQ scale contains 16
items grouped into four categories: gastrointestinal (nausea, vomiting), central
(lightheadedness, dizziness, vertigo), peripheral (sweating, feeling warm) and
somatosensory (irritability, drowsiness, fatigue) on a 9-point Likert scale from 0

(none) to 8 (severe).
3.1.5 Fast Motion Sickness Scale (FMS)

The FMS (Keshavarz and Hecht, 2011) is considered to be a brief assessment
method to assess motion sickness as a unidimensional construct. FMS uses a rating
scale from 0 (no sickness at all) to 20 (overt sickness) focusing on nausea, general
discomfort, and stomach problems, which can be used to quickly capture sickness
scores during exposure. Results show that scores obtained using this measure are
highly correlated with SSQ dimensions and total severity scores (Keshavarz and
Hecht, 2011, 2014). Several studies have also used similar single-item assessment
methods to measure simulator sickness (e.g., McCauley et al.,, 1990), but these

methods have not been psychometrically evaluated.
4 Implications for future research

Despite the improvements in HMD technology, Rebenitsch and Owen (2016)
suggested that the prevalence of VR sickness is still problematic, and little is known
about the side effects. The varying quality and lack of robustness in the existing
research underscore the need for further, more rigorous investigations to explore

the most promising applications of HMDs in educational environments. In practice,
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the use of full-immersive virtual reality holds great potential across all educational
contexts. However, research underscores the need for further investigation into
cybersickness and discomfort, treating these issues as primary objectives for future
studies and considering not only students but also professionals. It is crucial to
account for the technological advancements of head-mounted displays (HMDs) and
the specific purposes for which they are employed. Furthermore, a thorough
evaluation of adverse effects using tools tailored to educational settings could yield
more accurate and comparable results. The increased use of virtual reality and
HMDs may stimulate research to investigate more common side effects and to
explore the correlation between side effects and time of use the HMDs and the
characteristics of participants to find the most suitable way to implement the virtual
reality in educational context and training contexts. Also, bio signals response (e.g.
galvanic skin) will be investigated to predict and detect side effects in real-time. In
this field locomotion techniques will be analyse to explore the relation between

movement and side effects.
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