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ARTICLE INFO ABSTRACT

Keywords: Many believe that immersive virtual reality (IVR) possesses transformative potential for a plethora of human

Immersive virtual reality activities that are mediated via technology, including education. In light of this, it is critically important to

;{ea;ning understand the determinants that influence learning in IVR environments and the interrelations among these
ode.

determinants. For that matter, a model was developed that encapsulated ten potential factors influencing
learning outcomes. Three hundred and thirty-four university students interacted with a purpose-built application
that presented ancient Greek inventions through the use of head-mounted displays. Data analysis, adhering to a
structural equation modeling approach, indicated that a multitude of factors exerted a positive influence on
learning outcomes. These included the perceived quality of graphics, the perceived quality of feedback and
content, and the perceived degree of interaction. Moreover, intrinsic motivation and the immersive experience
that IVR provides also demonstrated a positive impact. Conversely, the perceived cognitive load and symptoms of
simulator sickness manifested a negative impact. Interestingly, these factors did not appear to inhibit learners’
motivation or their positive feelings. Age did not have any effect, while gender seemed to have an impact only on
immersion. The implications of the results are also discussed.

1. Introduction

Virtual reality (VR) refers to a technology that simulates 3D envi-
ronments, enabling users to explore and interact with their virtual sur-
roundings in a way that approximates reality. The main objective is to
create the feeling of “being” in a digital world even though users are
physically present in the real one. VR can be experienced through a
variety of displays (e.g., monitors, tablets, and smartphones; yet, the
ongoing advancements in the field have allowed an alternative way for
one to have VR experiences, namely with the use of head-mounted
displays (HMDs). In recent years, these devices have become widely
available and economically affordable. They not only enable stereo-
scopic vision (allowing the virtual world to be perceived in 3D), but they
also support motion tracking, spatial audio, and, using controllers,
interaction with the virtual world and haptic feedback. It is widely
agreed that HMDs provide elevated levels of immersion (Makransky &
Petersen, 2021). To distinguish the experiences offered by HMDs (as
well as CAVE systems), the term “Immersive Virtual Reality” (IVR) was
coined.

IVR’s potential to transform a wide range of human activities (e.g.,
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entertainment, gaming, real estate, business, commerce, work, social
life, and healthcare) is widely recognized. Alongside other technologies
(e.g., mixed and augmented reality), it can also revolutionize education.
It can reshape the traditional teacher-student relationship and overcome
spatial and temporal limitations (Lin, Wan, Gan, Chen, & Chao, 2022).
IVR enhances students’ autonomy and can increase their interest and
engagement in the learning process (Kye, Han, Kim, Park, & Jo, 2021).
Logically, there has been a shift in VR-related research toward exploring
the affordances of IVR and its impact on learning. In the vast majority of
cases, its impact has been reported as being positive. For instance, in the
meta-analysis of 21 studies (Villena-Taranilla, Tirado-Olivares, Cozar--
Gutierrez, & Gonzalez-Calero, 2022), the authors found that the effect
size was larger in IVR compared to semi- and non-immersive systems.
Moreover, the effect size did not depend on the educational level and
knowledge domain, while short interventions were considered more
effective. However, there are meta-analyses reporting that, although the
results were in favor of IVR, the effect size was small. For example,
Coban, Bolat, and Goksu (2022) in their meta-analysis of 48 studies,
concluded that not only the effect size was small, but it also differenti-
ated depending on the level/field of education and the educational
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sources used. Similarly, Wu, Yu, and Gu (2020) in their meta-analysis of
35 studies, found that although IVR was more effective compared to
non-immersive teaching/learning approaches, the effect size was small.

Setting aside knowledge gains, a positive impact was noted on skills
acquisition (e.g., Queiroz, Nascimento, Tori, & da Silva Leme, 2018).
The participants in several studies reported elevated levels of enjoyment
and positive feelings (e.g., Butt, Kardong-Edgren, & Ellertson, 2018;
Caro, Carter, Dagli, Schissler, & Millunchick, 2018), engagement and
interest (e.g., Abichandani, Mcintyre, Fligor, & Lobo, 2019; Bertrand,
Bhargava, Madathil, Gramopadhye, & Babu, 2017), motivation (e.g.,
Rupp et al., 2019), self-confidence (Tzanavari, Charalambous-Darden,
Herakleous, & Poullis, 2015, pp. 423-427), creativity and active
learning (Caro et al., 2018; Erturk & Reynolds, 2020). All the above
probably contributed to the positive learning outcomes. Indeed, Huifen
et al. (2021, pp. 320-325) in their meta-analysis of 45 studies,
concluded that IVR motivated students, elicited their interest, and
engaged them with the learning material, probably because it can offer
first-hand experiences and opportunities for situated learning.

Still, as indicated in a literature review (Atsikpasi & Fokides, 2022)
further research is needed to comprehend the educational potential of
IVR. Firstly, as we stated above, its impact on learning, although posi-
tive, appears to be modest, suggesting room for improvement. Secondly,
there is a multitude of factors involved in shaping learning outcomes, as
we will elaborate on in the following sections. The main challenge lies in
the fact that researchers have considered different factors, a limited
number of them, or have not examined learning per se but rather focused
on users’ intentions or perceptions. Thus, it remains unclear which
factors play a decisive role and, more importantly, how they interact.
Given the complexity of the issue, what we felt was missing was a model
that incorporates a substantial number of factors influencing learning
outcomes, illustrating their interactions and their effect on learning.

To address these issues, in mid-2021, we initiated a research project
to develop a series of highly immersive VR applications and assess their
impact on learning. The initial outcome of this project was the devel-
opment (and subsequent testing) of the MLES scale (Fokides, 2023). This
scale was the result of a review of studies related to the educational use
of IVR, with a focus on the scales and questionnaires used by researchers
for data collection. In this study, we present the results of the project’s
second phase, in which we developed a model for examining the in-
teractions and effects of factors we theorized to influence one’s learning
in IVR. We present the steps we followed for developing the model,
gathering data, and analyzing them, together with the subsequent dis-
cussion of the results in the coming sections.

2. Related work

While research on the impact of IVR on learning and skills is quite
extensive, there are far fewer studies that have attempted to develop
models to explain how learning occurs. Therefore, we expanded our
review of related work to include studies conducted within the context
of the Metaverse, which, besides IVR, encompasses various
technologies.

In a study aimed at predicting users’ intention to use the Metaverse
(without explicitly specifying which technology was used) within the
context of medical education (Almarzouqi, Aburayya, & Salloum, 2022),
the researchers considered factors from the Technology Acceptance
Model (TAM, Davis, Bagozzi, & Warshaw, 1989). They also incorporated
personal innovativeness, perceived compatibility, user satisfaction,
perceived triability, and perceived observability. Upon analyzing data
collected from 1858 university students, the study revealed that
perceived usefulness, perceived ease of use, and user satisfaction were
the key determinants.

Again, within the realm of medical training, and employing the TAM
as the foundation for their model, researchers examined students’ per-
ceptions concerning the utilization of the Metaverse in their training
(Alawadhi et al., 2022). The data collected from 435 participants
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indicated that personal innovation and perceived enjoyment signifi-
cantly impacted perceived ease of use and perceived usefulness.
Furthermore, these latter two factors had a significant influence on
students’ intention to use Metaverse applications. Fussell and Truong
(2022) tested an extended TAM, to determine the factors influencing
flight students’ intentions to use VR for their training. Having a sample
of 489 such students, they concluded that the original TAM factors
together with factors relevant to VR technology had the strongest re-
lationships and impact on attitude and behavioral intention to use VR.

In the context of history teaching, Villena-Taranilla, Cozar-Gutiérrez,
Gonzalez-Calero, and Diago (2023) explored the causal relationships
between perceived attention, perceived ease of use, prior knowledge,
perceived utility, attitude towards the use of IVR, and perceived
enjoyment, having as a sample 111 primary school students. They found
that prior knowledge did not explain students’ intention to use IVR,
while perceived attention had an impact (mediated through perceived
utility).

In a systematic literature review that encompassed 41 studies related
to the educational applications of the Metaverse published from 2011 to
2022, the authors concluded that the Technology Acceptance Model
(TAM) was the most frequently employed (21 cases), followed by the
Unified Theory of Acceptance and Use of Technology (UTAUT) (Alfaisal,
Hashim, & Azizan, 2022). The authors also pointed out that VR was the
most frequently used technology (32 cases).

Studies that have developed models to examine learning outcomes
do exist. For example, Fokides and Atsikpasi (2018) tested a model to
explain learning in informal learning settings. They employed a desktop
VR application, and their sample consisted of 612 individuals spanning a
wide age range. Their findings indicated that motivation, perceived ease
of use, perceived usefulness, and enjoyment served as predictors of
learning outcomes. Similar results were observed in another study with a
target group of 437 primary school students (Fokides, 2017).

Other studies developed more intricate models. Of interest is the
Cognitive Affective Model of Immersive Learning (Makransky &
Petersen, 2021). Despite being a theoretical model that lacks empirical
testing, the authors present persuasive arguments that representational
fidelity, control factors, and immersion contribute to the development of
presence and agency, which they considered as the psychological
affordances of learning in IVR. Furthermore, they posited that
self-efficacy, interest, motivation, cognitive load, embodiment, and
self-regulation can facilitate knowledge acquisition in IVR
environments.

In another study, the authors did not include actual learning as a
variable; instead, they examined students’ perceived learning (Mak-
ransky & Lilleholt, 2018). They recruited 104 university students who
interacted with both the desktop and immersive versions of an appli-
cation (using GearVR, which allowed only rotational tracking). The
authors concluded that immersion led to higher levels of presence,
increased enjoyment, and heightened motivation, resulting in higher
perceived learning outcomes. Immersion also influenced perceived
cognitive benefits, once again leading to higher perceived learning
outcomes. In another study, Huang, Roscoe, Craig, and
Johnson-Glenberg (2022) compared both Oculus Go and Oculus Rift
headsets, although their sample size was rather small for model testing
(77 undergraduate students). The results indicated that prior knowledge
was the most significant determinant of learning outcomes. Immersion
positively impacted the user experience and motivation, while its effect
on cognitive engagement remained unclear.

Within the context of desktop VR, Makransky and Petersen (2019)
recruited 199 undergraduate students attending a genetics course. They
concluded that two pathways influenced learning outcomes: one stem-
ming from VR features such as control and representational fidelity,
leading to presence, motivation, and self-efficacy, and another pathway
leading from VR features to usability, cognitive benefits, and
self-efficacy. Again, in the context of desktop VR, Lee, Wong, and Fung
(2010) worked with a sample of 210 senior high school students who



E. Fokides and P. Antonopoulos

utilized a desktop VR dissection simulator. According to the authors,
motivation and presence, in conjunction with reflective thinking,
cognitive benefits, control, and active learning, affected learning.

It appears that a substantial body of research has focused on the
development and testing of models aimed at examining acceptance or
intention to use VR/IVR as an educational platform. Given that our
primary goal was to assess the impact of factors on learning, we deter-
mined that these models were not well-aligned with our objectives,
although they did provide valuable insights. Moreover, the technology
predominantly employed in the aforementioned studies was desktop or
non-fully immersive VR. Additionally, in some studies, the sample size
was small or borderline; therefore, we have some reservations regarding
the validity of their results. What we also found troubling was that in
some cases, the participants did not actually use VR/IVR systems.
Instead, they viewed video presentations of such systems (e.g., Fussell &
Truong, 2022). In our perspective, this approach does not enable one to
fully experience or even understand the pros and cons of these
technologies.

3. Model formation

The first issue we had to resolve when trying to develop our model
was which factors to include. Although, as we stated in the preceding
section, previously tested models provided us with useful ideas about
which factors are important, we decided to follow an approach similar to
the one when developing the MLES scale. The starting point of our
endeavor was (i) the literature review of the educational uses of HMDs
(Atsikpasi & Fokides, 2022) because it was closely related to how we
view IVR and (ii) the literature review of Alfaisal et al. (2022), because,
although it reviewed all types of Metaverse technologies, it mostly
focused on VR. We accessed and examined the 128 studies included in
both reviews in terms of the research questions/hypotheses they set, as
well as any other factors they examined besides learning that their au-
thors considered important in shaping learning outcomes. Indeed, we
found that a multitude of other factors were of interest. Readers can find
the complete list of the most commonly used in Appendix I.

The next step was to come up with larger constructs by grouping
factors if possible. We concluded that past research focused on: (i) the
technical aspects of the applications and devices, such as ease of use,
perceived usability and control, the perceived quality of the graphics
and perceived realism of the applications, and perceived degree of
interaction, (ii) the perceived quality of the feedback and content, (iii)
immersion and presence, (iv) the effects of simulator sickness, (v)
enjoyment and positive/negative feelings in general, (vi) engagement
and motivation, (vii) subjective usefulness of the applications and sub-
jective impact on learning, (vii) perceived cognitive load, (ix) collabo-
ration and social interactions, and (x) self-efficacy. Several other factors
were examined just once or could not fit into the above categories. On
the basis of the above, we decided to include in our model the factors
listed below.

Perceived feedback and content quality: Interactivity, usability, and the
sense of realism depend on the proper design of multimodal feedback
cues (auditory, visual, and haptic) (Faeth & Harding, 2014). Indeed,
such cues can have a positive impact on user experience and task ac-
curacy (Faeth & Harding, 2014; Kobayashi et al., 2016). Equally
important is the presentation of information and learning content (e.g.,
help screens, text, images, and audio), which helps users feel guided and
avoid confusion regarding what to do, where to find information, and
what to learn. Furthermore, studies have shown that the quality of
teaching content presented through AR/VR applications significantly
affected their effectiveness (Portman, Natapov, & Fisher-Gewirtzman,
2015; Potkonjak et al., 2016).

Perceived quality of the virtual environment’s graphics: Clearly, users
expect realistic representations of virtual environments. Representa-
tional fidelity pertains not only to the realism of 3D objects but also to
how realistically they behave (Lee et al., 2010). It can reduce or even
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eliminate users’ disbelief, which is the feeling of being in a non-real
environment (Mystakidis, 2022), and enhance their sense of immer-
sion. Research has supported a positive correlation between the realism
of the virtual environment and various factors, including immersion
(Mystakidis, 2022; Parong & Mayer, 2018), motivation (Lee et al.,
2010), and learning outcomes (e.g., Harrington, 2012; Kim & Ahn,
2021).

Perceived ease of use/control of the virtual environment: Perceived ease
of use refers to users’ belief that a given system or technology will not
require too much effort to complete tasks with it. In the context of TAM,
it impacts users’ attitudes (Davis et al., 1989). However, in the context of
VR, it was found that it was not significantly associated (Abd Majid &
Mohd Shamsudin, 2019). Lee et al. (2010) suggested that for VR to
enhance one’s learning experience and have an impact on their learning,
it must be considered user-friendly. Similarly, Asad, Naz, Churi, Guer-
rero, and Salameh (2022) concluded that the user-friendliness of VR
ensures its implementation and, in turn, enhances experiential learning.

Perceived degree of interaction with the virtual environment: Users
should be allowed to interact with the environment ubiquitously.
Moreover, the devices used for interaction have to emulate how users
interact with objects in reality, moving beyond the mouse and keyboard
that do not accurately reflect body movements (Duan et al., 2021). In the
context of IVR applications, controllers are commonly used, allowing
users to interact with virtual objects (e.g., touch, manipulate, and
operate). Interactions are further enhanced through the use of
motion-tracking technology and devices that allow users to freely move
in all directions in addition to rotational motion (Atsikpasi & Fokides,
2022) and also interact with virtual objects (Maereg, Nagar, Reid, &
Secco, 2017). Given that, users become active learners (Mystakidis,
2022). Studies indicated that the adequacy and realism of interactions
can positively impact the effectiveness of VR/AR applications (Portman
et al., 2015; Potkonjak et al., 2016).

Cognitive load: The cognitive load theory is based on the notion that
working memory has a finite capacity (Sweller, 2020). Thus, the
educational material facilitates learning when it puts as little burden as
possible on working memory; otherwise, learning becomes difficult. The
educational material should aim at reducing the exogenous cognitive
load (i.e., information not related to the nature and basic structure of the
information, but to the way it is presented) and increasing the germane
cognitive load, as this frees up working memory resources (Leppink,
Paas, Van Gog, van Der Vleuten, & Van Merrienboer, 2014; Novak,
Daday, & McDaniel, 2018). In the research of Cecotti, Day-Scott, Hui-
singa, and Gordo-Pelaez (2020), the cognitive load of an immersive VR
application was assessed as low. Armougum, Orriols, Gaston-Bellegarde,
Joie-La Marle, and Piolino (2019) concluded that there is no difference
between the cognitive load a virtual environment causes and the cor-
responding real one. Yet, others suggested that IVR applications can lead
to increased cognitive load (Makransky, Terkildsen, & Mayer, 2017).
Ibili and Billinghurst (2019) found that the perceived usefulness and
perceived ease of use had a strong positive relationship with germane
cognitive load.

Simulator sickness: A commonly reported negative side effect of using
HMDs is simulator sickness (motion sickness and cybersickness are also
terms used). When users move in a virtual environment with the help of
controllers, their brains are faced with a contradiction. On the one hand,
through vision, they perceive that their bodies are moving, but on the
other hand, their brains have not given any movement commands
(Gallagher & Ferre, 2018). Moreover, the signals received from their
vestibular systems signify that they are stationary. The symptoms of
simulator sickness include pallor, nausea, disorientation, and sometimes
vomiting. Studies have indicated that the symptoms decrease with visual
fidelity (de Winkel, Talsma, & Happee, 2022). Importantly, simulator
sickness negatively impacts one’s motivation to perform (Johnson,
2005), learning, presence, and engagement (Atsikpasi & Fokides, 2022;
Maraj, Badillo-Urquiola, Martinez, Stevens, & Maxwell, 2017). How-
ever, some have suggested that the performance of psychomotor and
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cognitive tasks was not affected (Johnson, 2005). Conversely, others
have reported that even mild simulator sickness negatively impacted
mental workload and learning outcomes (Hsin et al., 2022).

Immersion/presence: Immersion refers to the technical affordances of
a system that delivers an environment that gives users a sense of reality
(Rasimah, Nurazean, Salwani, Norziha, & Roslina, 2015). Presence is
the perceptual illusion that there is no medium between the user and the
virtual environment and relates to users’ perceptions of reality (Banos
et al., 2004). In our study, we decided to treat immersion and presence
as a single factor. We believe that, although not identical, these concepts
are very closely related; immersion reflects the system’s technical
qualities that allow one to feel present in a virtual environment (Witmer,
Jerome, & Singer, 2005). Therefore, we expected both to be affected by
the same factors and have similar (if not identical) effects on other
factors. Immersion and presence can improve learning outcomes (Kim &
Ahn, 2021). Due to immersion and presence, learners become mentally
and emotionally engaged with the virtual environment (Lindgren,
Tscholl, Wang, & Johnson, 2016), and these feelings help them acquire
self-directed learning experiences (Jeon & Jung, 2021, pp. 361-368).
Furthermore, immersion and presence, along with the on-demand
repetition of an application, can help users better understand the
learning content (Maas & Hughes, 2020).

Positive feelings/enjoyment: Studies have demonstrated that learners
find VR applications enjoyable (e.g., Barry et al., 2015; Fokides &
Zampouli, 2017; Moriuchi, Landers, Colton, & Hair, 2021; Pagano et al.,
2020). Some theories suggest that the immersive and interactive expe-
riences students have in VR lead to more enjoyable learning, which, in
turn, allowed them to learn more effectively (e.g., Lehikko, 2021;
Parong & Mayer, 2021). In our view, it is not just enjoyment that can
lead to better learning but positive feelings in general. For example, Kim
and Ahn (2021) found that, among other factors, satisfaction had a
positive impact on learning in a VR application. Hedonic motivation (i.
e., the feeling of happiness when using a technology tool, Brown &
Venkatesh, 2005) may also play a role, as users experience feelings of
self-fulfillment and fun (Ramirez-Correa, Rondan-Cataluna, Are-
nas-Gaitan, & Martin-Velicia, 2019).

Motivation: In general, motivation is considered a key factor with a
considerable impact on learning. Metaverse applications have been
found to be useful tools for increasing learners’ motivation (Go, Jeong,
Kim, & Sin, 2021; Jeon & Jung, 2021, pp. 361-368). This is likely
because they provide flexible, engaging, and dynamic learning envi-
ronments, allowing users to have unique experiences that foster their
motivation (Erturk & Reynolds, 2020). Moreover, as these applications
allow for innovative learning approaches, they may impact motivation
through self-directed learning (Jeon & Jung, 2021, pp. 361-368). The
enjoyable nature of these applications may also be a motivating factor
(Barry et al., 2015). Others have suggested that Metaverse applications
enhance motivation because they offer more immersive and interactive
experiences that promote active learning (Diaz, Saldana, & Avila, 2020).

Perceived knowledge gains: According to TAM, perceived usefulness
refers to users’ belief that a given technology will help them improve
their performance (Davis et al., 1989). The perceived usefulness of VR
has been found to significantly influence students’ attitudes and in-
tentions to use this technology (Abd Majid & Mohd Shamsudin, 2019).
Similarly, Shen, Xu, Sotiriadis, and Wang (2022) concluded that
perceived usefulness (along with other factors) was a determinant of
students’ intention to use AR/VR applications and learn through them.
In the context of our research, we view perceived usefulness as users’
subjective perception that the virtual environment helped them increase
their academic performance and that they learned something while
viewing/interacting with it. Consequently, we hypothesized that
perceived knowledge gains might have an impact on the actual learning
outcomes.

We also considered the inclusion of self-efficacy and collaboration/
social interactions, but we decided not to include them at this stage.
During the development of the MLES scale, we found that only a handful
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of the participants had an understanding of what IVR is, and even fewer
had immersive VR experiences or experience in using HMDs. Therefore,
we believed that examining self-efficacy as a contributing factor would
be pointless, given that we expected it to show no variance. Of course, as
IVR gains momentum and attracts the interest of users, self-efficacy
should be considered. Regarding collaboration and social interactions,
we did not include them because the application we developed for the
study was not a multi-user one, and therefore, no collaboration and
social experiences were possible. Once again, as this factor is an
important one, we strongly recommend its inclusion in multi-user
scenarios.

4. Method
4.1. Research questions

Given that the simultaneous examination of a considerable number
of factors might change their interactions and effects as these were re-
ported in past research, we examined all possible relationships. As a
result, we formed a total of 49 research questions (Fig. 1).

- RQla-g. Do the perceived feedback and content quality (Feedback/
Content) affect: the perceived cognitive load of the learning material
(Cognitive Load) (RQ1a), users’ simulator sickness (Simulator Sick-
ness) (RQ1b), their feelings of immersion and presence to the virtual
environment (Immersion/Presence) (RQ1c), their positive feelings
(Positive Feelings) (RQ1d), their motivation to learn (Motivation)
(RQle), their perceived knowledge gains (Gains) (RQ1f), and the
learning outcomes (RQ1g)?

RQ2a-g. Does the perceived quality of the virtual environment’s
graphics (Graphics) affect: the Cognitive Load (RQ2a), Simulator
Sickness (RQ2b), Immersion/Presence (RQ2c), Positive Feelings
(RQ2d), Motivation (RQ2e), Gains (RQ2f), and the learning out-
comes (RQ2g)?

RQ3a-g. Does the perceived ease of use/control of the virtual envi-
ronment (Control) affect: the Cognitive Load (RQ3a), Simulator
Sickness (RQ3b), Immersion/Presence (RQ3c), Positive Feelings
(RQ3d), Motivation (RQ3e), Gains (RQ3f), and the learning out-
comes (RQ3g)?

RQ4a-g. Does the perceived degree of interaction with the virtual
environment (Interaction) affect: the Cognitive Load (RQ4a), Simu-
lator Sickness (RQ4b), Immersion/Presence (RQ4c), Positive Feel-
ings (RQ4d), Motivation (RQ4e), Gains (RQ4f), and the actual
learning outcomes (RQ4g)?

RQ5a-f. Does the perceived cognitive load of the learning material
(Cognitive Load) affect: Simulator Sickness (RQ5a), Immersion/
Presence (RQ5b), Positive Feelings (RQ5c), Motivation (RQ5d),
Gains (RQ5e), and the learning outcomes (RQ5f)?

RQ6a-e. Does users’ simulator sickness (Simulator Sickness) affect:
Immersion/Presence (RQ6a), Positive Feelings (RQ6b), Motivation
(RQ6c), Gains (RQ6d), and the learning outcomes (RQ6e)?
RQ7a-d. Does users’ immersion/presence affect: Positive Feelings
(RQ7a), Motivation (RQ7b), Gains (RQ7c), and the learning out-
comes (RQ7d)?

RQ8a-c. Do users’ positive feelings (Positive Feelings) affect: Moti-
vation (RQ8a), Gains (RQ8b), and learning outcomes (RQ8c)?
RQ9a-b. Does users’ motivation to use the virtual environment and to
learn (Motivation) affect: Gains (RQ9a) and the learning outcomes
(RQ9b)?

RQ10. Do the perceived knowledge gains (Gains) affect the learning
outcomes?

Control variables should be included when developing a model
because they usually affect the results. One can identify several such
variables, but we considered essential the users’ gender and age group.
Consequently, we examined the following 14 research questions.
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Fig. 1. The research model

Note. For the clarity of the presentation (i.e., the reduction of the number of arrows), we grouped the exogenous variables.

- RQl1la-g. Does users’ age group affect: Cognitive Load (RQ11a),
Simulator Sickness (RQ11b), Immersion/Presence (RQ11c), Positive
Feelings (RQ11d), Motivation (RQ1lle), Gains (RQ11f), and the
learning outcomes (RQ11g)?

- RQ12a-g. Does users’ gender affect: Cognitive Load (RQ12a),
Simulator Sickness (RQ12b), Immersion/Presence (RQ12c), Positive
Feelings (RQ12d), Motivation (RQ12e), Gains (RQ12f), and the
learning outcomes (RQ12g)?

For model development purposes, we treated Feedback, Control,
Graphics, and Interaction as exogenous variables, while we treated the
remaining factors as endogenous ones.

4.2. Participants

Most users of IVR educational applications are expected to be either
educators or students around 20 years old, given that most of the rele-
vant applications are addressed to adolescents or young adults.
Furthermore, most studies focused on university/college students, as
indicated by recent reviews of the relevant literature (Alfaisal et al.,
2022; Atsikpasi & Fokides, 2022; Tlili et al., 2022). On the basis of this
assumption, we found it quite logical to target students studying at a
department of primary education, as they belong to the above age group
and, at the same time, are future educators. Due to logistical constraints
that precluded the conduction of the experiment across varying
geographical locations, we opted to employ a convenience sampling
approach, thereby recruiting students exclusively from a single depart-
ment of primary education. We posted a call for participation (pre-
senting the study’s objectives and procedures) on social media,
addressed to students studying at the Department of Primary Education,
University of the Aegean. There were no prerequisites for participation
(e.g., experience in using HMDs). Three hundred and forty enrolled, in
exchange for course credit. Although the study is part of an ongoing
research project already reviewed and approved by the Department’s
Ethical Committee, the enrolled students were asked to give their
informed consent as well.

The other issue we had to address was the sample size. One has to
consider quite a lot of parameters, rendering it a rather hard-to-solve

puzzle. Besides the number of items the instrument used for data
collection has, the research settings, estimation method, data scaling,
indicator reliability, and model complexity also have to be considered
(Brown, 2015). However, we assumed that the 340 recruited students
constituted a satisfactory sample size, as it was well above the 200 cases
suggested by Kline (2016), within the suggestion of five to ten re-
sponders per item (Bentler & Chou, 1987), and above the suggestion of
five observations per estimated parameter (Hair, Black, Babin, &
Anderson, 2019).

4.2.1. Materials and apparatus

The educational application to use in the study was also a matter of
consideration. It is true that there are several available; yet, few are in
Greek, and even fewer are not too complex or too specialized (in terms of
their learning subject) or do not need too much time to complete. It is
also true that the application we developed for testing the MLES scale
could have been used in this study as well, but it was rather important to
test the scale in a different context. Taking together the above, we
developed a new one, the theme of which was ancient Greek inventions,
assuming that the topic might be of interest to future educators. We
selected eight inventions, namely Heron’s hovering sphere, Heron’s
aeolosphere, Heron’s automatic holy water server with coin-collector,
Heron’s automatic opening of the temple gates after a sacrifice had
taken place on its altar, Archimedes’s steam cannon, Aeneas’s hydraulic
telegraph, Kleoxenos’s and Dimokleitos’s phryctoria (a telecommuni-
cation system using fire signals), and the flamethrower of the Boeotians
(Fig. 2).

Since no relics of the inventions exist and no 3D models of these
inventions were available, we developed them from scratch using
Blender, which is a freely available 3D model developing software.
Drawing from relevant ancient texts, published works, and museum
exhibits, we made a concerted effort to accurately reconstruct them. The
IVR application was developed using Unity. The models were fully
functional, allowing users to interact with and observe their mechanisms
in action. Their functionality, behaviors, as well as the interactions with
them were implemented using Unity’s integrated C# scripting/pro-
gramming language, Unity’s particle system, and Filo an addon for Unity
developed by Virtual Method Studio. For instance, in the case of Heron’s
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Fig. 2. Screenshots from the IVR application. a: the flamethrower of the Boeotians, b: Heron’s aeolosphere, c: Heron’s automatic opening of the temple gates, d:
Heron’s automatic holy water server with coin-collector (transparent mode), e: Archimedes’s steam cannon, and f: the components of an invention on a bench.

automatic opening of the temple gates, users could light the fire on the
altar, witness the gates opening, and simultaneously, the mechanism
became visible, enabling them to understand its functioning. We utilized
Unity to develop the application. Sound effects (e.g., when the temple’s
doors were opening, when the steam cannon fired, and when the fire was
lit) were also added, using freely available sounds.

In the landing/welcome area, users could select which invention
they wanted to view. Within eight different spaces, each depicting an
outdoor environment, we positioned the inventions. We incorporated
information buttons to provide texts, images, and audio narrations
explaining how a particular invention operated, along with details about
its inventor and the historical context. Adjacent to each invention, we
placed its components on a nearby bench, allowing users to examine
them in detail.

Among the available HMDs, we chose the Meta Quest 2 due to its
affordable price and commendable technical specifications, making it an

attractive choice for the average consumer seeking an immersive VR
experience. However, it is untethered (not connected to a computer).
Although this results in fewer cables and greater freedom of movement,
it comes at the cost of less impressive graphics. This limitation arises
because the HMD handles image processing, and its processing power is
constrained by the need to accommodate numerous electronics in a
confined space. Given none of the participants were in possession of
their own HMDs, an issue which will be elaborated further in section
“4.4 Procedure,” we provided them with several of these devices already
in our ownership.

We conducted the experiment within a spacious office setting from
which all furniture was removed, thus creating an unobstructed area
approximately 40 m? in size. This decision served two purposes: (i) to
prevent injuries that might have occurred if participants had bumped
into furniture or walls, and (ii) to enable participants to walk instead of
relying on the HMD’s controllers to simulate movement, providing a
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more immersive experience.
4.3. Instruments

To gather data related to the learning outcomes, we devised eight
short quizzes, corresponding to the number of inventions available for
viewing. Depending on which invention a participant interacted with,
they were given the corresponding quiz. Each quiz comprised of fifteen
multiple-choice questions, all designed to assess declarative knowledge.
The questions varied in difficulty and were related to the information
presented directly (via images, texts, and audio narration) or indirectly
(information that could be deduced from interacting with the inventions
or their components). For instance, in the former case, participants were
asked where and when an inventor lived, the purpose an invention
served, the laws of physics and chemistry that governed the function of
an invention. In the latter case, participants were asked to identify the
materials used and/or the parts of an invention, estimate its dimensions.
Participants were also tasked with identifying the correct sequence of
steps for operating an invention, to estimate the speed an invention was
functioning and/or rotating (e.g., for Heron’s hovering sphere and
Heron’s aeolosphere), to estimate the distance a projectile could travel
(e.g., for Archimedes’s steam cannon and the flamethrower of the
Boeotians), and to estimate how far the signal coming out of an inven-
tion could be seen (e.g., for Aeneas’s hydraulic telegraph and Kleox-
enos’s and Dimokleitos’s phryctoria).

For obtaining data concerning participants’ views, attitudes, and
feelings, we utilized the MLES scale, as presented in the “Introduction.”
This scale consists of a total of 43 items, examining the ten factors
included in our research model: simulator sickness (Simulator Sickness,
six items), perceived cognitive load (Cognitive Load, three items),
motivation (Motivation, six items), perceived ease of use/control of the
virtual environment (Control, three items), perceived knowledge gains
(Gains, three items), positive feelings (Positive Feelings, four items),
perceived quality of the virtual environment’s graphics (Graphics, six
items), perceived feedback and content quality (Feedback/Content,
three items), perceived degree of interaction (Interaction, three items),
and immersion/presence (Immersion/Presence, six items). In addition,
we included two items for gathering data related to the two control
variables in the model: participants’ gender and age group.

4.4. Procedure

The students recruited for the study partook in the experiment on an
individual basis. After welcoming each participant, we provided them
with verbal instructions regarding what to anticipate and how to navi-
gate and interact with the application. Subsequently, we handed them
the HMDs, and after adjusting the straps and interpupillary distance to
optimize image quality, they were given ten to 15 min to explore the
welcoming space and menus available upon booting up the headset. We
also briefed them on what to expect when nearing the boundaries of the
“play” area and how to react. This initial procedure was crucial, given
that none of the participants had any prior experience with HMDs.

The next phase involved participants launching the application and
choosing which invention they wished to view from the landing space.
They were provided with approximately 20-25 min, which we deemed
sufficient for a comprehensive experience and the study of the relevant
learning material. Participants encountering substantial navigation or
interaction difficulties were given additional verbal instructions. Sub-
sequently, participants completed the quiz, and we administered the
MLES scale (which took 15-20 min to complete, and both were available
online). The total time required for each participant slightly exceeded 1
h.

Anticipating potential cases of severe simulator sickness, we
instructed participants to discontinue using the application, remove
their headsets, and take a break. Conversely, if symptoms were mild,
participants were given the choice to continue or halt the experiment at
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their discretion. We administered both the quiz and the scale to all
participants, regardless of whether they terminated or completed the
experiment, as we hypothesized that simulator sickness significantly
influences one’s learning experience and outcomes.

5. Results
5.1. Data preparation and assumptions checking

We obtained a score for the quizzes by allocating one to three points
for each correct answer (depending on the question’s difficulty) and
then transforming it to a 100-point scale. We inserted the data from the
quizzes and the MLES scale into SPSS 28 for conducting all the analyses
presented in the coming sections. The first step was to check for missing
data (none was found) and for unengaged responses (i.e., participants
having no variance in their responses, SD = 0.00). We excluded six
participants because of the latter issue. Thus, our final sample size was
334 participants, most of them being females (N = 245) and most
belonging to the 20-24-year-old group (N = 282). We expected the
above, as the participants were students studying at a department of
primary education.

As multiple types of statistical analyses were to follow [i.e., confir-
matory factor analysis (CFA) and structural equation modeling (SEM)],
the second step was to check whether the data met the assumptions for
these analyses. Normality was checked by inspecting the skewness and
kurtosis of all the variables. We found all the items belonging to the
factors labeled “simulator sickness” to be highly positively skewed (their
skewness exceeded the recommended maximum value of |2| (Finney &
DiStefano, 2013). As a result, we decided to transform them using log
(10) and recheck them. Despite their transformation, their skewness
remained slightly above the recommended maximum. Although this can
be considered a limitation, we can counter-argue that it is logical to have
normality issues in this factor. That is because the vast majority of in-
dividuals did not face simulator sickness problems (see Table 5);
therefore, their responses to the items examining this factor were mostly
1 (indicating no problems), resulting in positively skewed data. In light
of the above, we did not exclude these items.

We checked linearity by conducting an OLS linear regression be-
tween each dependent-independent variable pair. Given that in all cases
the p-value was less than 0.05, we concluded that their relationship was
sufficiently linear. We checked multicollinearity by running a multi-
variate regression and inspecting the Variable Inflation Factor (VIF) for
each independent variable. As the VIF in all cases was below the
threshold of 10.00 (Vittinghoff, Glidden, Shiboski, & McCulloch, 2012),
we concluded that there were no multicollinearity concerns. Finally, we
checked heteroskedasticity by conducting the White Test for Hetero-
skedasticity, the Modified Breusch-Pagan Test for Heteroskedasticity,
the Breusch-Pagan Test for Heteroskedasticity, and the F Test for Het-
eroskedasticity. The above tests confirmed that heteroskedasticity was
not an issue (p > .05 in all cases).

5.2. Confirmatory factor analysis

To verify the factorial structure of the MLES scale, we conducted a
CFA using AMOS 28. We chose Maximum Likelihood as the estimation
method because it is known to be quite robust to moderate violations of
normality (Matsunaga, 2010). We found the specified model that
emerged to be unsatisfactory, as it exhibited mixed results concerning
convergent and discriminant validity, cross-loadings, and model fit. To
improve the model, we removed four items and re-ran the analysis. The
resulting model demonstrated highly satisfactory properties. The stan-
dardized estimates were very good, ranging from 0.72 to 0.96 (Hair
et al., 2019) (Table 1). All the R? values were above the 0.50 threshold.
The only exception was SimSick5. Then again, as its value was close to
the above threshold (R? = 0.40), we considered it acceptable. We
calculated the model’s composite reliability (CR) and the average
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Table 1
Results of the CFA (retained items).

Item Est. SE t p R? Item Est. SE t P R?
Motivation 2 .80 - - - .63 Imm/Pre 6 77 .08 12.98 <.001 .59
Motivation 1 .84 .06 19.16 <.001 71 Imm/Pre 5 .87 .10 14.01 <.001 .75
Motivation 6 .78 .07 14.90 <.001 .61 Imm/Pre 3 .78 .06 17.28 <.001 .60
Motivation 3 .80 .05 18.95 <.001 .64 Imm/Pre 2 71 - - - .53
Motivation 4 .76 .07 14.63 <.001 .58 Pos. feel 4 .96 .06 21.44 <.001 .92
Motivation 5 .79 .07 14.77 <.001 .63 Pos. feel 2 .96 .05 24.16 <.001 .92
Sim. sick 2 .76 .07 14.01 <.001 .58 Pos. feel 1 .82 .06 19.51 <.001 .69
Sim. sick 4 .82 .07 12.32 <.001 .68 Pos feel 3 .86 - - - .73
Sim. sick 3 77 .06 12.26 <.001 .59 Graphics 1 .77 .06 15.45 <.001 .59
Sim. sick 1 72 - - - .52 Graphics 2 .80 .06 15.88 <.001 .64
Sim. sick 5 .64 .05 10.24 <.001 .40 Graphics 6 .80 .06 16.08 <.001 .64
Sim. sick 6 72 .05 11.64 <.001 .52 Graphics 4 .73 .06 14.48 <.001 .53
Cog. load 2 .76 - - - .58 Graphics 3 .83 - - - .69
Cog. load 3 .87 .13 8.23 <.001 .76 Interaction 3 .78 .08 14.57 <.001 .60
Control 2 .85 - - - 73 Interaction 1 .82 .07 15.44 <.001 .68
Control 3 .85 .07 17.86 <.001 72 Interaction 2 .80 - - - .65
Control 1 .81 .06 16.88 <.001 .65 Feed/Cont 2 .83 .07 14.90 <.001 .69
Gains 2 .96 - - - .92 Feed/Cont 3 .80 .07 14.44 <.001 .65
Gains 3 .93 .03 29.08 <.001 .86 Feed/Cont 1 77 - - - .59
Gains 1 .75 .04 18.18 <.001 .56

Notes. -: This value was fixed at 1.00 for model identification purposes; Est.: standardized estimate; SE: standard error.

variance extracted (AVE) to examine its reliability and convergent val-
idity (Malhotra & Dash, 2011) (Table 2). As all the CR and AVE values
were above the 0.70 and 0.50 thresholds respectively, we concluded that
there were no concerns (Hair et al., 2019). We wused the
heterotrait-monotrait ratio of correlations (HTMT) technique for
assessing its discriminant validity (Henseler, Ringle, & Sarstedt, 2015),
which was confirmed given that all the HTMT values were below the
-strict- threshold of 0.85 (Table 3). We also employed Cronbach’s a as an
auxiliary measure to assess the reliability of the scale. The cumulative a
value was calculated to be 0.929. Detailed results for each individual
factor can be found in Table 3.

For model fit assessment, we used several indices as presented in
Table 4 (together with their respective thresholds, as provided by Hu &
Bentler, 1999). Evidently, all indicated an excellent model fit. As a final
note, we assessed the reliability of the scale’s items and constructs using
Cronbach’s alpha. We found no issues as a ranged from 0.797 to 0.925,
while the overall a was 0.929.

Summarizing the results of the CFA, we can argue that the MLES’s
validity and reliability were re-confirmed. We present the version that
emerged during the previous analyses with the 39 retained items in
Appendix II. The final step was to calculate ten more variables, repre-
senting the average score of the items in each factor (Table 5).

5.3. Structural equation modeling

As all the requirements for conducting SEM were met, we conducted
the analysis using AMOS 28. We observed that the direct effects of
several structural paths were statistically insignificant and/or their co-
efficients rather small, suggesting that they should be removed. To
confirm which paths to retain, we run an analysis using the Specification

Table 2
Reliability and convergent validity.
Factor CR AVE a Factor CR AVE a
Motivation 091 0.63 .915 Positive 095 0.81 .872
Feelings
Simulator 0.88 0.55 .870  Control 0.88 0.70 .904
sickness
Immersion/ 0.87 0.62 .878 Interaction 0.84 0.64 .839
Presence
Cognitive Load 0.80 0.67 .797 Gains 0.91 0.78 .925
Graphics 0.89 0.62 .891 Feedback/ 0.84 0.64 .843
Content

Search Facility (available in AMOS). We applied the Bayesian Informa-
tion Criterion (BIC) for selecting the final model, as BIC allows for the
selection of the most robust, yet parsimonious models (Claeskins &
Hkort, 2008). Tables 6 and 7, as well as Fig. 3, present details about the
final model (BIC = 0.00).

We estimated all possible indirect effects in the model using an
AMOS plugin developed by Gaskin and Lim (2018). Given that we ex-
pected all the values of the indirect path coefficients to be low (because a
decimal number is multiplied by another decimal number), we present
in Table 6 only the most notable ones (# > 0.08). The final model’s fit
indices were excellent (Xz/df =1.59, CFI = 0.95, SRMR = 0.05, RMSEA
= 0.04, and PClose = 0.998).

We conducted the post-hoc power analysis for unsupported direct
effects utilizing the method articulated by Soper (2016). For the twelve
predictors of the dependent variable (including age and gender), an
observed R? of 0.66 for this factor, a probability level of 0.05, and a
sample size of 334, the statistical power was computed to be 1.00. As
such, the model manifests robust prowess in the identification of sig-
nificant effects. It’s also worth noting that the non-significant effects that
surfaced during the analysis were indeed statistically insignificant.

6. Discussion
6.1. General comments

By examining Table 5, the first thing to note is that the participants
achieved a rather good mean score on the quizzes [M = 77.20 (max. =
100), SD = 15.30]. Considering that we expected participants not to
have any prior knowledge about the inventions we presented to them,
this might be an indication that IVR’s application had a positive impact
on learning as many others suggested (Atsikpasi & Fokides, 2022; Tlili
etal., 2022). In addition, although the application’s graphics were not so
impressive, because of technology restrictions, the perceived graphics’
quality factor had the highest mean amongst all (M = 4.46, SD = 0.62).
Given the rather high mean values, we can support the view that par-
ticipants assessed the degree of perceived interaction and perceived
quality of feedback and content a being quite high (M = 4.12, SD = 0.75
and M = 4.43, SD = 0.61 respectively). We can also suggest that they
found their experience motivating and that it generated positive feelings
(M = 4.30, SD = 0.71 and M = 4.21, SD = 0.87 respectively). In this
respect, we can confirm the credibility of previous studies with similar
findings (e.g., Butt et al., 2018; Caro et al., 2018; Go et al., 2021; Jeon &
Jung, 2021, pp. 361-368; Rupp et al., 2019). Moreover, they found
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Table 3
HTMT analysis.
Factor Motivation  Simulator Immersion  Cognitive Graphics  Positive Control  Interaction  Gains  Feedback/
sickness /Presence Load Feelings Content
Motivation
Simulator 0.18
sickness
Immersion 0.40 0.01
/Presence
Cognitive 0.16 0.32 0.03
Load
Graphics 0.60 0.26 0.50 0.16
Positive Feelings 0.60 0.20 0.28 0.15 0.63
Control 0.56 0.25 0.34 0.19 0.47 0.46
Interaction 0.57 0.11 0.51 0.13 0.62 0.50 0.59
Gains 0.61 0.20 0.31 0.32 0.42 0.41 0.38 0.42
Feedback/ 0.63 0.08 0.48 0.24 0.61 0.53 0.47 0.61 0.61
Content
bl is more than satisfactory (R? = 0.660). The perceived feedback and
Table 4, content quality had a strong direct positive impact on this factor (f =
Model fit assessment. o 1s . . .
0.28), as well as an indirect negative one through the perceived cogni-
Measure Estimates Thresholds tive load and simulator sickness (8 = —0.08). We noted both the direct
¥ 1011.95 - and indirect impact (through positive feelings and motivation) of the
DZF 642.00 - perceived graphics quality (f = 0.17 and = 0.12 respectively). The
Jé F/I df (l)'gg Be;";’een land3 degree of interaction had a lesser direct impact (8 = 0.14). Both users’
SRMR 0.05 <08 immersion/presence and their motivation had a positive impact as well
RMSEA 0.04 <.06 (p = 0.13 and p = 0.16 respectively). As expected, the perceived
PClose 0.998 >.050 cognitive load had a negative effect (f = —0.14), and the same applied

Notes. CFI: comparative fit index, SRMR: standardized root mean square resid-
ual, RMSEA: root mean square error of approximation, y2/df: minimum
discrepancy divided by its degrees of freedom.

Table 5

Descriptive statistics for the quiz and scale’s factors.
Variable (N = 334) Min. Max. Mean SD
Learning Outcomes (evaluation quizzes 30.00 100.00  77.20 15.30

scores)

Graphics 2.20 5.00 4.46 0.62
Cognitive Load 1.00 5.00 1.69 0.84
Control 1.00 5.00 3.93 0.87
Immersion/Presence 1.00 5.00 3.67 1.07
Feedback/Content 2.67 5.00 4.43 0.61
Interaction 2.00 5.00 4.12 0.75
Motivation 1.67 5.00 4.30 0.71
Gains 1.00 5.00 4.07 0.85
Positive Feelings 1.00 5.00 4.21 0.87
Simulator Sickness 0.00 0.67 0.08 0.12

Note. Simulator sickness ranged from 0.00 to 1.00 because it was transformed.

cognitive load to be rather low (M = 1.69, SD = 0.84), as others noted (e.
g., Cecotti et al., 2020, pp. 16-23). On the negative side, it seems that
they did not become so immersed (M = 3.67, SD = 1.07). As for the
perceived ease of use/control of the virtual environment, the mean fell
slightly below the value of 4.00 (M = 3.93, SD = 0.87). This finding
suggests that the participants did not face significant usability problems,
but some work needs to be done in this direction.

Chin (1998) suggested that for a model to have meaningful predic-
tive power, it has to be able to explain a significant percentage of the
variance in its dependent variables (as indicated by their RZs). For social
sciences, RZ values greater than 0.50 can be considered strong (Hair &
Alamer, 2022). Furthermore, the values of the model’s structural paths
have to be substantial (4 preferably close to 0.20 and ideally above
0.30), although smaller values cannot be ignored when they are statis-
tically significant (Chin, Marcolin, & Newsted, 2003).

As our objective was to develop a model for explaining learning
outcomes, we can assume that its predictive power regarding this factor

for simulator sickness, although the effect was stronger (f = —0.20).

We also explained motivation rather well (R? = 0.580). The
perceived feedback and content quality had a strong impact on this
factor (f = 0.28). The perceived graphics’ quality had both a direct
positive effect (# = 0.18) and an indirect one through positive feelings
(B = 0.12). The perceived ease of use/control had a noticeable positive
impact (§ = 0.23) and the same applied for user’ positive feelings (f =
0.26).

We moderately explained immersion/presence (R> = 0.388). The
perceived feedback and content quality, as well as the graphics quality,
and degree of interaction, had substantial positive impacts (f = 0.23, g
= 0.25, and = 0.24 respectively). What is interesting is that we found
that perceived cognitive load had a positive effect, although not that
strong (§ = 0.17). One’s gender also played a role (§ = 0.14).

As for perceived knowledge gains, we moderately explained this
factor (R? = 0.427). The perceived quality of feedback and content had
considerable direct (8 = 0.28) and indirect positive effects (through
motivation, f = 0.10). The perceived graphics’ quality had an indirect
positive effect through users’ positive feelings and motivation (f =
0.12). Indirect were the positive effects of the perceived ease of use/
control and one’s positive feelings (through motivation, # = 0.08 and
= 0.09 respectively). The perceived cognitive load had a negative effect
(f = —0.20), while users’ motivation had a rather impressive direct
positive effect (4 = 0.36).

We moderately explained participants’ positive feelings (R? =
0.477). The perceived feedback and content quality had a noticeable
positive effect (8 = 0.27), while the path linking the perceived graphics’
quality to this factor was not only positive but also the most impressive
one among all the other paths present in our model (f = 0.48). The
perceived ease of use/control had a positive impact (f = 0.16). What we
consider as an unexpected finding is that immersion/presence had a
negative impact (f = —0.14).

Also, we modestly explained the variance in simulator sickness (RZ =
0.206). Again, an unexpected finding was that the perceived quality of
feedback and content had a positive impact on this factor and a rather
strong one (f = 0.28). Then again, it had an indirect negative impact
through the perceived cognitive load (8 = —0.08). The perceived
graphics’ quality and ease of use/control had both strong negative
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Table 6
The results of SEM, direct and indirect effects.

RQ Factor To Factor Est. SE t P p
RQla Feedback/Content - Cognitive Load -.33 .10 —3.51 <.001 —.23
RQ1b Feedback/Content - Simulator Sickness .36 11 3.22 .001 .28
- Feedback/Content— > Cognitive Load— > Simulator Sickness .006 —.08
RQlc Feedback/Content - Immersion/Presence .38 .14 2.80 .005 .23
RQ1d Feedback/Content - Positive Feelings .39 .10 3.87 <.001 .27
RQle Feedback/Content — Motivation .34 .08 4.36 <.001 .28
RQ1f Feedback/Content - Gains .47 12 3.96 <.001 .28
- Feedback/Content— > Motivation— > Gains <.001 .10
RQ1g Feedback/Content - Learning Outcomes .77 .18 4.24 <.001 .28
- Feedback/Content— > Cognitive Load- > Simulator Sickness— > Learning Outcomes .007 —.08
RQ2a Graphics - Cognitive Load - - - - -
RQ2b Graphics - Simulator Sickness -.31 .10 -3.24 .001 —.26
RQ2c Graphics - Immersion/Presence .37 12 3.18 .001 .25
RQ2d Graphics - Positive Feelings .63 .09 6.76 <.001 .48
RQ2e Graphics - Motivation .19 .07 2.70 .007 .18
- Graphics- > Positive Feelings— > Motivation .007 12
- Graphics— > Positive Feelings— > Motivation- > Gains .005 12
RQ2f Graphics — Gains - - - - -
RQ2g Graphics - Learning 42 .15 2.87 .004 .17
- Graphics- > Positive Feelings— > Motivation- > Learning Outcomes .009 12
RQ3a Control — Cognitive Load - - - - -
RQ3b Control - Simulator Sickness -.19 .07 -2.96 .003 -.21
RQ3c Control - Immersion/Presence - - - - -
RQ3d Control - Positive Feelings .16 .06 2.73 .006 .16
RQ3e Control - Motivation .19 .05 4.11 <.001 .23

- Control- > Motivation- > Gains <.001 .08
RQ3f Control - Gains - - - - -
RQ3g Control - Learning Outcomes - - - - -
RQ4a Interaction - Cognitive Load - - - - -
RQ4b Interaction - Simulator Sickness - - - - -
RQ4c Interaction - Immersion/Presence .32 12 2.78 .005 .24
RQ4d Interaction - Positive Feelings - - - - -
RQ4e Interaction — Motivation - - - - -
RQ4f Interaction - Gains - - - - -
RQ4g Interaction - Learning Outcomes .32 .14 2.38 .017 .14
RQ5a Cognitive Load — Simulator Sickness .30 .06 4.75 <.001 .33
RQ5b Cognitive Load - Immersion/Presence .20 .07 2.97 .003 17
RQ5c Cognitive Load - Positive Feelings - - - - -
RQ5d Cognitive Load - Motivation - - - - -
RQ5e Cognitive Load — Gains —.24 .06 —-3.83 <.001 —.20
RQ5f Cognitive Load - Learning Outcomes —.27 .09 -3.13 .002 —.14
RQ6a Simulator Sickness - Immersion/Presence - - - - -
RQ6b Simulator Sickness — Positive Feelings - - - - -
RQ6¢ Simulator Sickness — Motivation - - - - -
RQ6d Simulator Sickness - Gains - - - - -
RQ6e Simulator Sickness - Learning Outcomes —.43 .09 —4.61 <.001 -.20
RQ7a Immersion/Presence - Positive Feelings -.13 .05 —2.40 .016 —.14
RQ7b Immersion/Presence - Motivation - - - - -
RQ7c Immersion/Presence — Gains - - - - -
RQ7d Immersion/Presence - Learning Outcomes .21 .08 2.59 .010 .13
RQ8a Positive Feelings - Motivation .21 .05 4.21 <.001 .26
- Positive Feelings— > Motivation- > Gains .007 .09
RQ8b Positive Feelings - Gains - - - - -
RQ8c Positive Feelings Learning Outcomes - - - - -
RQ9a Motivation - Gains .51 .10 5.35 <.001 .36
RQ9d Motivation - Learning Outcomes .38 13 2.96 .003 .16
RQ10 Gains - Learning Outcomes - - - - -
RQ12c Gender - Immersion/Presence .28 .10 2.79 .005 .14

Notes. Est.: standardized estimate; SE: standard error f: path coefficient; for the indirect effects the analysis calculated only the p and f values; the highlighted rows
indicate the rejected paths; for clearance of presentation, we included in the table just the only significant path of the control variables, as all the paths suggested by

RQ11 and RQ12a, b, and d-g were rejected.

effects (f = —0.26 and # = —0.21 respectively). The positive impact of
the perceived cognitive load was rather strong (5 = 0.33).

Finally, we failed to explain the variance in perceived cognitive load
(R? = 0.057), probably because the perceived quality of feedback and
content was the only one to affect this factor, having a substantial
negative impact (f = —0.23).

From the above, we can conclude that our model was able to explain
a significant percentage of the variance in several factors and that
several of our model’s structural paths had significant values, further
solidifying its credibility.
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6.2. Comments on the confirmed and unconfirmed paths

RQ1, the effects of the perceived feedback and content quality. We found
that the perceived quality of feedback and content affected all the factors
we hypothesized it might affect. Specifically, it had an impact on the
perceived cognitive load (8 = —0.23), simulator sickness (directly, g =
0.28 and indirectly through the perceived cognitive load g = —0.08),
immersion/presence (f = 0.23), positive feelings (# = 0.27), motivation
(B = 0.28), perceived knowledge gains (directly, = 0.28 and indirectly
through motivation, # = 0.10), and the learning outcomes (directly g =
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Table 7
The results of SEM, squared multiple correlations R>.

Factor R? Short interpretation

Cognitive Load .057 Weak explanation of the variance
Simulator Sickness .206 Modest explanation
Immersion/Presence .388 Moderate explanation

Gains 427 Moderate explanation

Positive Feelings 477 Moderate explanation
Motivation .580 Strong explanation

Learning Outcomes .660 Strong explanation

Note. Thresholds and interpretations suggested by Hair and Alamer (2022).

0.28 and indirectly through perceived cognitive load and simulator
sickness, f = —0.08).

The negative impact on cognitive load can serve as an indicator that
we adequately designed and presented the learning content, to achieve a
minimal impact on the participants working memory as others advised
(Leppink et al., 2014; Novak et al., 2018). Indeed, the participants
assessed its quality as being rather good (M = 4.43, SD = 0.61). Then
again, the perceived feedback and content quality increased users’
symptoms of simulator sickness. We suspect that this happened not
because of the quality, but because of the learning content per se. On the
one hand, the participants had to put some effort into studying the
learning material. On the other hand, they had to put some effort into
coping with the virtual environment (e.g., navigating and interacting).
So, they were probably disorientated or overwhelmed at some point,
allowing for simulator sickness symptoms to emerge. The fact that we
found an indirect negative effect through the perceived cognitive load,
may serve as evidence for the validity of our assumption. That is because
when users considered the quality of feedback and content as being good
and, at the same time, they assessed the cognitive load as being low, this
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decreased the chances of them having simulator sickness.

As for the remaining effects of this factor, they give further support to
the findings of previous studies indicating that the sense of realism is
subject to the design of feedback cues (Faeth & Harding, 2014), that
these cues can positively affect user experience and task accuracy (Faeth
& Harding, 2014; Kobayashi et al., 2016), and that the quality of
teaching content had an impact on learning (Portman et al., 2015;
Potkonjak et al., 2016).

RQ2, the effects of the perceived quality of the virtual environment’s
graphics. This factor was the second most influential one in our model, as
there were just two missing paths. It affected simulator sickness ( =
—0.26), immersion/presence (f = 0.25), positive feelings (4 = 0.48),
motivation (directly, # = 0.18 and indirectly through positive feelings,
= 0.12), perceived knowledge gains (indirectly through positive feelings
and motivation, = 0.12), and the learning outcomes (directly f = 0.17
and indirectly through positive feelings and motivation, g = 12). We
expected these multiple effects, as there is literature suggesting that
visual fidelity results in decreased symptoms of simulator sickness (de
Winkel et al., 2022), increased immersion (Mystakidis, 2022; Parong &
Mayer, 2018), increased motivation (Lee et al., 2010), and increased
performance (e.g., Harrington, 2012; Kim & Ahn, 2021). To the above,
we can add that the graphics’ quality greatly increases one’s enjoyment
and positive feelings (given that the f value of this path was the most
impressive one).

On the other hand, we found no direct or indirect effects on cognitive
load and perceived knowledge gains, although some suggested that
representation fidelity affected users perceived cognitive benefits
(Makransky & Petersen, 2019). As for the cognitive load, we assumed
that if the graphics are good, meaning that the 3D objects accurately
represent the real ones (in our case the ancient Greek inventions), this
will help students to have less trouble understanding their function,
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Fig. 3. The study’s final model presenting the variables’ significant paths and explained variances.
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which, in turn, will help to alleviate their cognitive load. Alas, our
assumption was not confirmed, and we have to conclude that the quality
of the graphics does not affect cognitive load (neither positively nor

negatively).
RQ3, the effects of perceived ease of use/control. We noticed a negative
impact of this factor on simulator sickness (f = —0.21). We have to

remind readers that instead of using controllers for their movement, the
participants could walk. We suspect that this allowed them to find the
control of the application more natural and easier and, at the same time,
reduced their chances of having simulator sickness. We also noted a
positive impact on users’ positive feelings (# = 0.16). In a broader sense,
this factor reflects users’ attitudes, which, according to the TAM (Davis
et al., 1989), is, indeed, affected by ease of use. As for motivation, we
found that ease of use/control positively affected it (p = 0.23).

What we did not find were links between the perceived ease of use/
control and the perceived cognitive load, immersion/presence,
perceived knowledge gains, motivation, and learning outcomes. We
based these assumptions on past research indicating that the perceived
ease of use had an impact on the perceived cognitive load (Ibili & Bill-
inghurst, 2019), motivation (together with other VR features, Makran-
sky & Lilleholt, 2018), and the learning outcomes (e.g., Asad et al., 2022;
Fokides, 2017; Fokides & Atsikpasi, 2018; Lee et al., 2010). Yet, we
found just an indirect effect on perceived knowledge gains through
motivation (8 = 0.08). Given that, we conclude that the perceived ease
of use and control of the virtual environment is a motivating factor, but
without any actual impact on learning. This conclusion is in line with
Dalgarno, Hedberg, and Harper (2002) suggestion that control over the
virtual environment is not enough for one to achieve conceptual un-
derstanding because the tasks’ design is more important. As for
immersion/presence, on the basis of our results, we are inclined to
believe that this relationship does not exist, although it seemed logical to
assume that when users find a device or application easy to use this will
help them to become more immersed in the virtual environment.

RQA4, the effects of interaction. We expected the increased levels of the
perceived interaction to have an effect on multiple factors. Yet, we found
no direct or indirect effects on the perceived cognitive load, simulator
sickness, positive feelings, and perceived knowledge gains. We also did
not find any relationship between perceived interaction and motivation,
although others indicated that there is such a link (e.g., Diaz et al., 2020;
Lee et al., 2010). Given that, we conclude that the degree of the
perceived interaction with the virtual environment does not act as a
motivating factor and that it is unrelated to simulator sickness.

Although it did not motivate participants, their perceived degree of
interaction had a positive impact on their learning (8 = .14), as indicated
by other studies as well (Diaz et al., 2020; Portman et al., 2015; Pot-
konjak et al., 2016), probably because it allowed students to become
active learners (Diaz et al., 2020; Mystakidis, 2022). In addition, the
degree of interaction had a noticeable effect on immersion/presence (f
= 0.24). In this respect, we believe that interaction adds to the believ-
ability of the virtual environment, allowing users to become more
immersed, as Diaz et al. (2020) also noted.

RQ5, the effects of cognitive load. We noted that the perceived
cognitive load positively affected simulator sickness (8 = 0.33). This
means that when users considered their cognitive load as being high, the
worse were their symptoms of simulator sickness. As we are not aware of
literature suggesting this link and given that the effect was considerable,
our best guess is that there is a strong mechanism connecting one’s effort
to understand the learning content with the manifestation of simulator
sickness symptoms, worth further investigation. We also found that the
perceived cognitive load had a positive impact on immersion/presence
(# = 0.17), meaning that the higher the cognitive load the higher the
users’ immersion/presence. This is also a hard-to-explain finding, as we
expected a negative impact. Quite interestingly, Makransky et al. (2017)
in their model examined the exact opposite direction and concluded that
immersion led to increased cognitive load. As cognitive load and
immersion/presence require mental effort, we can assume that users’
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brains process them similarly and have a two-way relationship.

Then again, the perceived cognitive load did not affect users’ positive
feelings and motivation. In line with past research (Cecotti et al., 2020,
pp. 16-23), the participants in our study assessed their cognitive load as
being low (M = 1.69, SD = 0.84). Given that, we think that it is logical
not to have affected these two factors, although there are studies sug-
gesting that it can affect both motivation (Johnson, 2005) and engage-
ment (Atsikpasi & Fokides, 2022; Maraj et al., 2017). Nevertheless, as
expected and in line with past research (e.g., Huang et al., 2022; Mak-
ransky et al., 2017), this factor negatively impacted one’s perceived
knowledge gains (f = —0.20) and learning outcomes (8 = —0.14).

RQ6, the effects of simulator sickness. To be honest, we expected
simulator sickness to have multiple direct and indirect negative effects.
That is because there is quite rich literature suggesting that it affects
several factors such as motivation (Johnson, 2005), learning, presence,
and engagement (e.g., Atsikpasi & Fokides, 2022; Maraj et al., 2017),
even if the symptoms are mild (Hsin et al., 2022). On the other hand, in
our study, there were just a few cases of severe and mild simulator
sickness, as indicated by the mean in this factor [M = 0.08 (max. =
1.00), SD = 0.12]. This was probably due to the way we designed the
application. For example, users could walk instead of using the con-
trollers for their movement; therefore, no conflicting signals were
coming to their brains from their motor, visual, and vestibular systems.
Moreover, we believe that the reduced number of symptoms did not
allow the negative effects of this factor to emerge. On the other hand,
simulator sickness had a negative impact on the learning outcomes ( =
—0.20), as others noted (Atsikpasi & Fokides, 2022; Hsin et al., 2022;
Maraj et al., 2017). Given that, we are inclined to believe that even mild
symptoms can negatively impact learning outcomes, as suggested by
Hsin et al. (2022).

RQ7, the effects of immersion/presence. From the analyses of our data,
two effects emerged regarding this factor; one on participants’ positive
feelings and another on their learning. We find the result regarding the
impact on the former factor a bit troubling, as it was a negative one (8 =
—0.14). This means that the higher the participants’ immersion/pres-
ence, the less their positive feelings. This finding contradicts the ones of
previous studies (e.g., Lehikko, 2021; Parong & Mayer, 2021), which
suggested that users immersive/interactive experiences led to more
enjoyable learning. This finding is also odd as the mean in the positive
feelings factor was quite good (M = 4.21, SD = 0.87), indicating that the
participants found their experience enjoyable. Moreover, we found that
immersion/presence did not have any effect on one’s motivation and
perceived knowledge gains. Therefore, we cannot confirm the findings
of previous studies indicating that immersion is a motivating factor or
that it can lead to higher perceived learning outcomes, although studies
suggested that (e.g., Diaz et al., 2020; Huang et al., 2022; Makransky &
Lilleholt, 2018; Makransky & Petersen, 2019).

We can only speculate why we had these findings. First, the partic-
ipants’ immersion in the virtual environment was not that high (M =
3.67, SD = 1.07). Second, we suspect that users were immersed in a
virtual environment they did not find enjoyable because they were not
so interested in what it presented. In fact, the application was about
ancient technology; by itself, the topic although educational, cannot be
considered entertaining. As a result, users’ mental and emotional
engagement with the virtual environment, because of immersion/pres-
ence, was not enough to generate positive feelings, motivate, or make
them believe that they learned.

Despite all these, immersion/presence had a positive impact on the
learning outcomes as several others suggested (e.g., Atsikpasi & Fokides,
2022; Jeon & Jung, 2021, pp. 361-368; Kim & Ahn, 2021; Lee et al.,
2010; Maas & Hughes, 2020), although the effect was not a prominent
one (f = 0.13). Taking together all the above, we can conclude that even
if immersion/presence does not act as a motivating factor and even if it
does not make the learning experience enjoyable, it can still impact
learning, as it probably helps individuals to better understand the
learning content.
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RQ8, the effects of positive feelings. We found that what can be char-
acterized as positive feelings (i.e., the items included in the MLES scale,
namely enjoyment, satisfaction, enthusiasm, and excitement) acted as a
quite significant motivational factor (# = 0.26). Such a link was sug-
gested by others (Barry et al., 2015) who assumed that enjoyable VR
projects enhanced students’ motivation. Then again, contrary to what
the literature suggested (e.g., Kim & Ahn, 2021; Lehikko, 2021; Parong
& Mayer, 2021), we did not find any relationship between users’ posi-
tive feelings and learning or perceived knowledge gains, though we
found an indirect effect on the latter through motivation (8 = .09).
Therefore, we are inclined to believe that one’s positive feelings act
more as a motivating factor and less as a direct learning facilitator.

RQY, the effects of motivation. We noted a rather strong effect on
users’ perceived knowledge gains (# = 0.36) and a weaker one on their
learning (f = 0.16). The link between motivation and learning is theo-
retically established (e.g., the interest theory, Renninger & Hidi, 2017).
It has also been empirically established in the context of VR (e.g.,
Fokides, 2017; Fokides & Atsikpasi, 2018), although others did not find
this link (Makransky & Petersen, 2019). There is also evidence for the
link between motivation and perceived knowledge gains (Makransky &
Lilleholt, 2018). Taking together the above, the fact that we explained
the variance in motivation rather well, and the fact that the participants
found their experience motivating, we can conclude that motivation is a
factor affecting both the perceived and actual learning.

RQ10, the effect of the perceived knowledge gains on the learning out-
comes. We found that there is neither a positive nor a negative effect.
Consequently, we conclude that there is a discrepancy between what
learners actually learn (or do not learn) and what they think they
learned.

RQ11 and RQ12, the effects of age and gender. The participants’ age
did not seem to have any effect whatsoever. We do not consider this
finding surprising. First, our sample was rather homogeneous in terms of
age, as the participants were university students. Second, age differences
among Greek educators regarding the use of ICT tools in general, seem to
be diminishing as indicated in a recent study (Fokides & Kapetangiorgi,
2022).

As for gender, it had an effect only in immersion (f = 0.14), with
females being more subjective to this feeling. Although the effect was
not that strong and our sample was unbalanced in terms of gender dis-
tribution, we think that this finding calls for further research. Indeed,
while gender and immersion have been studied in other contexts (e.g., in
multiplayer online games, Stavropoulos, Rennie, Morcos, Gomez, &
Griffiths, 2021) and while there is an indication that there are differ-
ences between males and females regarding the feeling of presence
(Annetta, Klesath, & Meyer, 2009), it seems that few examined gender
differences regarding immersion in immersive VR environments (e.g.,
Selcuk, 2021).

6.3. Implications for research and practice

Our findings have implications for individuals involved in the in-
dustry, researchers, as well as education stakeholders. While a moderate
portion of the variance in immersion was explained, a significant per-
centage remained unaccounted for. This suggests that additional factors,
beyond those we identified, also influence immersion. Therefore, re-
searchers can explore other factors that impact this aspect, which can
assist those in the VR industry in delivering more immersive
experiences.

We observed a significant direct effect of the perceived degree of
interaction and graphics quality on learning outcomes, along with an
indirect effect of perceived ease of use. Furthermore, these factors had
notable impacts on other variables. All three factors can be categorized
as technological features. As a result, software developers and computer
engineers can explore methods to enhance these features, not only to
augment their impact on learning but also to facilitate the widespread
adoption of related technologies. Additionally, perceived feedback and
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content quality had substantial effects on various factors beyond
learning outcomes. Given their central role, both software developers
and educators must find ways to present learning content more effec-
tively and provide adequate feedback to learners.

Regarding simulator sickness, we found that although it was not
highly pronounced, it did have a noticeable impact on learning out-
comes. As mentioned in a previous section, simulator sickness can be
considered an undesirable consequence of the technology used. Various
methods for reducing simulator sickness can be employed. For instance,
one commonly used method is teleportation from one point to another.
However, this technique may negatively affect immersion when move-
ment in the virtual world is not swift (Griffin & Folmer, 2019). There-
fore, researchers and engineers should explore and test alternative
methods.

During the implementation of our project, we observed that none of
the participants had prior experience using HMDs, and few had an un-
derstanding of what IVR is. It is important to note that our sample
consisted of students in a department of education. Education stake-
holders can take several steps to rectify this issue. At an academic level,
courses related to the educational applications of technologies and IVR-
related applications should be included. In-service training programs
can also be beneficial. Additionally, research aimed at identifying
effective teaching methods that leverage IVR’s potential is necessary.

6.4. Limitations and future studies

Our study is subject to several limitations. A larger sample size would
have provided us with greater confidence in our results and the model’s
reliability. Due to our utilization of a convenience sampling method,
there may be associated concerns regarding the generalizability of the
results in different populations. As always, concerns about the re-
sponders’ trustworthiness arise. Moreover, the MLES scale, although re-
tested in this study, is newly developed and not established. We exam-
ined ten factors (excluding the learning outcomes) and two control
variables. We undoubtedly omitted certain factors, rendering the model
somewhat incomplete in terms of inclusivity. Our data collection
method was primarily based upon the subjective experiences of our
participants. We centered our methods around users’ emotions, per-
ceptions, and attitudes, which can potentially be influenced by a
countless array of factors that fall beyond our scope. Therefore, a more
objective approach -perhaps implementing specialized equipment for
data collection (e.g., eye-tracking devices and electroencephalograms)-
could potentially allowed for more reliable and definitive conclusions.
Our focus was on university students and a specific learning subject, thus
questioning the generalizability of the results. One might argue that the
time allocated for each participant to interact with the application was
insufficient. However, managing more than 300 participants was chal-
lenging, making it impossible to extend the interaction time or sessions.

Future studies should take these limitations into account. Diverse
target populations, both in terms of age and education level, can help
identify similarities or differences compared to the present model. This
holds true for various learning domains and types of applications.
Collaboration is certainly a factor to consider when testing multiuser
applications. Examining self-efficacy becomes relevant when groups
with different IVR device-related skills are included in the sample. The
addition of other factors is also worth considering, but we advise
caution. While adding factors may enhance the explanation of variance
in other factors and learning outcomes, it can exponentially increase a
model’s complexity, potentially compromising its stability and result
clarity. Comparative studies necessitating the contrast of learning out-
comes from IVR usage with those attained from other technologies are of
significant importance to gain an in-depth understanding of IVR’s actual
potential. Additionally, assessing varying age groups and learning do-
mains is also crucial for the same purpose. Furthermore, given that our
study did not incorporate any form of structured instruction in
conjunction with the use of the IVR application, examining the potential
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impact on the interactions of various factors and learning outcomes
should IVR be integrated into a meticulously planned teaching scenario
is a subject worth of further investigation. Finally, we believe that an in-
depth understanding of IVR’s educational potential can be achieved
through longitudinal studies. Studies with a limited number of sessions
are susceptible to the “wow effect,” wherein users exhibit enthusiasm
when encountering a technological artifact they have never previously
experienced (Kamstrupp, 2016), which may influence the results.

7. Conclusion

IVR, as the next step in the evolution of VR technologies, has the
potential to expand the boundaries of human activities facilitated by
current ICT tools, including education. Given this, one must understand
how learners acquire knowledge in immersive environments, such as the
one utilized in this project. This constituted our primary objective,
resulting in a model that represents the interactions of factors we
deemed crucial in shaping one’s learning. Data were amassed via a
validated scale, designed to assess ten subjective factors and users’ at-
titudes and feelings postulated to influence learning outcomes in IVR
educational applications. The choice and subsequent integration of
these elements stemmed from a comprehensive review of literature. This
review focused on studies with a primary objective of evaluating the
factors that influence learning within both IVR and VR environments in
general. In summary, our findings indicated that the perceived quality of
graphics, feedback, and content, in conjunction with increased
perceived interaction, motivation, and the immersive experience offered
by IVR applications, positively influenced learning outcomes. We also
observed a negative impact from perceived cognitive load and simulator
sickness. Interestingly, both of these factors did not affect users’ positive
emotions and motivation. Stakeholders in education, research, and the
computer/software industry may find our study’s results valuable when
designing and implementing IVR applications.
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Appendix I. List of factors examined in past research and their grouping

Initial factor Grouped factor

Initial factor Grouped factor

Realism

Visual aesthetics
Attractiveness
Aesthetics
Audiovisual appeal
System quality
System attributes

Perceived quality of the virtual environment’s graphics

Presence Immersion/Presence
Spatial presence

Social presence

Physical presence

Core self-presence

Extended self-presence

Proto self-presence

Visual aesthetic Immersion
Environment Attention

Pragmatic quality Involvement

Media richness Sensory immersion
Variety Flow

Cognitive load Cognitive load Distraction

Extrinsic cognitive load Absorption
Information overload Concentration
Perceived complexity Empathy

Control Ease of use/Control of the virtual environment Dissociation
Autonomy Non-mediation
Mastery Action awareness merging
Ownership Loss of self

Misuse Focused immersion
Usability Perspicuity

Ease of use Extended self

Ease of control Focus

Long learning phase Engagement
Navigation Internal/external correspondence
Pragmatic quality illusion

Controls Imagination
Operator Empathic concerns
Consistency Autotelic experience

No bugs/errors
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(continued)
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Initial factor

Grouped factor

Initial factor Grouped factor

Understandability
System naturalness
System responsiveness
Playability
Camera
Gameplay
Gaming
Enjoyment
Playfulness
Stimulation
Pleasure

Fun

Hedonic quality
Novelty
Satisfaction
Challenge
Positive affection
Pride

Increase status
Happy
Captivation

Hope

Relief

Trust

Confidence
Personal gratification
Creativity
Excitement
Delightfulness
Accomplishment
Anticipation
Appreciation
Emotions (in general)
Curiosity

Anxiety

Boredom
Frustration

State anxiety
Anger

Tension

Trait anxiety
Hopelessness
Distress

Tiredness

Shame
Competence
Skills balance

Skills (advanced, mainframe, beginning)

Efficacy

Self-efficacy

Efficiency

Perceived usefulness
Knowledge improvement
Competition

Discovery

Narrative understanding
Comprehension
Performance expectancy
Perceived Learning

Self-assessment of performance

Deep learning
Clear goals
Feedback

Guidance

Content

Settings

Menus

Help

Narratives
Multimodality
Interface quality
Information quality
Abstract conceptualization

Positive feelings

Negative feelings

Self-efficacy

Perceived knowledge gains

Feedback and content quality

Action awareness

Loss of self-consciousness

Relatedness

Plausibility

Focused attention

Autotelic focus

External correspondence

Temporal dissociation

Behavioral engagement

Cognitive engagement

Spatial awareness

Core self

Emotional attachment

Transformation of time

Emotional engagement

Reality judgment

Social experience

Possible action Perceived degree of interaction
Freedom

Creative freedom

Simplicity

Paradox of control

Unusual action

Ability to act

Active experimentation

Ability to examine

Likelihood to recommend Motivation

Personal innovativeness

Frequent use

Motivation

Reuse

Commitment

Intention to use

Word-of-mouth Intention

Hedonic motivation

Nausea Simulator sickness
Oculomotor
Disorientation
Simulator sickness
Social interaction
Learner interaction
Communication place
Perspective-taking Uncategorized
Facilitators

Fictional

Dependability

Learn friends

Social influence/subjective norm
Performance avoidance

Performance approach

Perceived behavioral control

Organizational factor

Mastery-avoidance

Mastery-approach

Hedonic quality-stimulation

Future perception

Goal orientation

Experimental fidelity

Regulatory uncertainty

Reflective observation

Perceived triability

Perceived observability

Perceived compatibility

Facilitating conditions

Effort expectancy

Collaboration/Social interactions
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Appendix II. The study’s version of the MLES scale
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Factor Item

Perceived quality of the virtual environment’s graphics

The app was visually appealing
1 was satisfied with the app’s graphics
The graphics of the app were attractive

Perceived cognitive load

The app was aesthetically pleasing
1 enjoyed the app’s graphics

The presentation of too much information prevented the memorization of what was important*

The effort to study the information that the application presented to me, was mentally tiring*

Perceived ease of use/control of the virtual
environment

1 used/controlled the app with ease
I had full control over what I did

When using the app, I had no problems doing whatever I wanted

Immersion/Presence

I lost the sense of time

I forgot/ignored everything around me
I lost the sense of where I am

I felt like I was living in another place and time

Perceived feedback and content quality

Overall, the learning content was well presented

The app gave me useful feedback regarding what I had to do
The information provided by the app (e.g., objectives, help messages, images, texts, and audio) was clear and

understandable
Perceived degree of interaction

I could interact a lot with the virtual world

The virtual world responded well to my actions
The interactions with the virtual objects were similar to the interactions with real objects

Motivation

I want to know more about what I saw in the app

1 enjoyed the content so much that I would like to know more about this topic
The content had things that triggered my curiosity

1 feel motivated to keep using the app

I was intrigued to see what was in the app

1 wanted to explore the app more
I understood the basic ideas/issues presented to me within the app

Perceived knowledge gains
1 learned through the app

The content increased my knowledge and understanding of the subject presented by the app

Dizziness?*

Your head being “heavy"?*
Vertigo?*

A general discomfort?*
Nausea?*

Headache?*

Joy?

Satisfaction?

Enthusiasm?

Excitement?

Simulator sickness (To what degree you felt ...)

Positive feelings (To what degree you felt ...)

Notes. * = although these items are negatively worded, their reverse coding is not necessary as there are no positively worded items belonging to the same factor; all

items were presented using a five-point Likert-type scale.
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