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Abstract

Background: Online synchronous learning in higher education frequently struggles to
overcome the social presence gap, resulting in dissatisfaction and poor learning
outcomes.

Obijectives: This study examined the effectiveness of desktop-based virtual reality
(VR) social platforms compared to video conferencing (VC) platforms in enhancing
students' learning gains and experiences in online synchronous learning.

Methods: The study used a within-subject design, involving 34 college students in
two online lecture modules, one via a VR social platform and another through a VC
platform. Knowledge assessments occurred pre- and post-modules and after 1 week.
Students also completed post-module questionnaires to evaluate their learning expe-
rience, in terms of social presence, easiness of use and perceived emotions. In-depth
interviews provided further insights into their experiences with both platforms.
Results: The study showed that using VR social platforms for online synchronous
learning enhanced immediate knowledge, especially in students less interested in the
content, yet it did not notably impact long-term knowledge retention. Despite no sig-
nificant findings in social presence from questionnaires, interviews indicated that the
VR's heightened interactivity might be offset by the effect of not seeing others' real
appearances in promoting social presence. Furthermore, the VC platform was found
to be easier to use, attributed to its familiarity and user-friendliness. Finally, students
experienced increased fun, awe and interest, along with reduced boredom, when
using the VR social platform.

Conclusion: The findings highlight the potential of VR to enrich online learning while
underscoring the need for effective strategies facilitating a smooth integration into

educational settings.
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1 | INTRODUCTION

The unprecedented challenges brought by the COVID-19 pandemic
have reshaped the landscape of higher education. Universities and
academic institutions worldwide had to innovate rapidly, ensuring
continuity in learning by migrating to online learning platforms (Al-
Ansi, 2022). In this context, traditional video conferencing
(VC) platforms, such as Microsoft Teams, Zoom and Google Meet,
have dominated online synchronous learning. These platforms, with
their user-friendly interfaces and features like video calling and screen
sharing, allowed students to connect with their teachers and peers,
guaranteeing continuity in their education. However, despite their
utility, these platforms have shown to fail to replicate the depth of
social interaction found in physical classrooms, leading to what is
known as the ‘social presence gap’ (Daigle & Stuvland, 2021).

Originally defined by Short and colleagues (Short et al., 1976),
‘social presence’ is the perceived sense of intimacy and immediacy
with others during a mediated interaction. In the context of online
learning, it is recognized as the sensation of being connected to and
actively engaging with others within a digital learning environment,
fostering a sense of community (Garrison et al., 1999). Research has
established a correlation between social presence and various learning
outcomes in online settings, including students' engagement, motiva-
tion, satisfaction, perceived learning efficacy (Dennen et al., 2007;
Edwards, 2021; Garrison et al, 2010; Hostetter, 2013;
Richardson, 2001; Richardson et al., 2017; Szeto & Cheng, 2016; Turk
et al, 2022) and learning gains (Guo et al, 2021; Joksimovié
et al., 2015; Wei et al., 2012). It is therefore crucial for researchers
and educators to explore solutions that can bridge the social presence
gap and improve students' experience and performance in online syn-
chronous learning formats.

When students feel connected to their peers and teachers, they
are not only more likely to be motivated and engaged in the learning
process but also to experience positive emotions such as interest and
enjoyment (Molinillo et al., 2018). Students' emotional experience dur-
ing learning plays an essential role in education. According to Pekrun's
control-value theory (Pekrun, 2006), various emotions can be experi-
enced during an educational activity, including enjoyment, relaxation,
anger, frustration and boredom. These emotions, known as activity
emotions, along with other relevant emotions like shame, anxiety,
interest (Pekrun, 2016) and awe (Gail Jones et al., 2022), can influence
students' commitment to following a lecture and trying to understand
its content, consequently affecting their learning outcomes.

In this context, virtual reality (VR) social platforms, such as Spatial,
MeetinVR and Engage VR, have recently gathered interest as poten-
tial solutions for online learning (Chessa & Solari, 2021; Gomes de
Siqueira et al., 2021; Guichet et al., 2022; Holt et al., 2020). These
platforms, which can be accessed through either desktop or head-
mounted displays (HMDs), provide virtual environments that offer a
more interactive experience, enabling students to engage with one
another in ways that closely mimic physical presence. By using an ava-
tar to represent themselves, users can experience a sense of physical

coexistence in a shared space, facilitating more dynamic interactions
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(van Brakel et al., 2023). In online education, these platforms can be
used to create a learning experience closer to that of a traditional
classroom (Chessa & Solari, 2021), encouraging connection and active
participation from students. However, VR social platforms still repre-
sent unexplored ground for many students and therefore present sev-
eral challenges, including difficulties in terms of easiness of use. For
new users, navigating through a novel, virtual space and interacting
with virtual elements can be confusing and overwhelming
(Bailenson & Yee, 2006; Han et al., 2022), potentially affecting their
overall experience and their ability to focus on the learning content.
Despite the growing interest in VR social platforms for online
learning, research on the effectiveness of these solutions is still in its
early stages. Therefore, this study seeks to provide a comprehensive
analysis of the effects of VR social platforms on students' learning
experiences and knowledge acquisition, comparing these impacts with
those of traditional VC platforms in the context of online synchronous

learning in higher education.

2 | CONCEPTUAL FRAMEWORK

21 |
learning

Social presence in online synchronous

In the digital landscape of higher education reshaped by the
COVID-19 pandemic, social presence in online learning has emerged
as a critical construct for understanding the efficacy of educational
interactions in virtual environments (Whiteside et al., 2023).

Social presence was initially defined as ‘the degree of salience of
the other person in a communication interaction and the consequent
salience of their interpersonal interactions’ (Short et al., 1976). In sim-
pler terms, it is the sense of being with another person during a medi-
ated communication, making the interaction feel more immediate and
personal. This concept was initially developed in the context of tele-
communications technology and has since been widely applied and
expanded upon, especially in the context of online and virtual commu-
nications, where it captures the sense of being with another person in
a virtual space (Biocca et al., 2003), even in the absence of physical
proximity.

In the context of online learning, this translates to the sense of
being with others, fostering a community of learning (Garrison
et al.,, 1999). Central to this concept is the community of inquiry (Col)
framework, which posits that effective educational experiences are
constituted by three interrelated elements: social presence, cognitive
presence and teaching presence (Garrison et al., 1999). Social pres-
ence, within this framework, is essential for fostering a sense of com-
munity and connectedness among learners, enabling them to engage
deeply with the content and each other. Social presence in online
learning indeed extends its influence beyond the facilitation of infor-
mation exchange. It encompasses the transmission of emotions, atti-
tudes and a sense of personal engagement, contributing significantly
to the overall learning experience (Richardson et al., 2017). In the COI

framework, social presence, which fosters a sense of community and
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emotional engagement, intertwines with cognitive presence, which
facilitates deep and meaningful learning through critical thinking and
reflection and teaching presence, which acts as a guiding force, struc-
turing and directing the educational process. Together, these elements
work with social presence to create a comprehensive and effective
learning environment.

Emerging studies have emphasized the importance of social pres-
ence in online education in bridging the psychological distance often
associated with online forms of learning (Weidlich et al., 2023) and
has shown to influence critical learning outcomes, including student
engagement, motivation, satisfaction, perceived efficacy in learning
and academic achievements (Dennen et al, 2007; Garrison
et al, 2010; Hostetter, 2013; Molinillo et al., 2018; Richardson
et al., 2017).

The transition to VC platforms like Microsoft Teams, Zoom and
Google Meet has highlighted a critical ‘social presence gap’ in online
learning (Daigle & Stuvland, 2021), where despite the technological
advancements, students often experience a diminished sense of con-
nection and interaction with their peers and instructors. In their study,
Daigle and Stuvland (2021), have highlighted the challenges of achiev-
ing social presence in online platforms. Their findings suggest that a
diminished social presence in online platforms can lead to feelings of
isolation, a sense of detachment from the learning material and even a
perceived lack of validation or acknowledgment from peers and edu-
cators. This can result in reduced motivation, diminished engagement,
and a general feeling of being ‘disconnected’ from the learning
process.

Social presence emerges as a central construct also in the SIPS
(sociability, social interaction, social presence, social space) model,
which offers a valuable perspective (Weidlich & Bastiaens, 2017) to
analyse effective online learning environments. Similarly, to the COlI,
the SIPS emphasizes the importance of social presence for a support-
ive and engaging online learning environment. However, while the
COl integrates cognitive, social and teaching aspects for a complete
educational experience, the SIPS focuses more specifically on the
social dimensions and how they are facilitated and experienced in
online environments. This model highlights the relationships between
four core variables essential to learning environments: sociability,
social interaction, social presence and social space. According to this
model, the sociability of a system has a positive influence on social
interaction, which in turn fosters the development of a sound
social space, either directly or through the mediation of social pres-
ence. The model highlights the importance for members to interact
with each other and perceive their peers as ‘real’, and to perceive the
learning environment as a cohesive social space (Weidlich &
Bastiaens, 2019). This insight from the SIPS model highlights a critical
pathway for enhancing social presence in online learning: fostering
sociability and interaction to create a sense of shared social space
(Weidlich & Bastiaens, 2019).

VC platforms, while offering real-time interaction, lack a shared
physical space and offer limited non-verbal communication cues,
which can hinder the natural flow of conversation and interaction that

normally occur in face-to-face scenarios. This limitation highlights the
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need for innovative solutions that can bridge the social presence gap

more effectively.

2.2 | Emotions in online synchronous learning

In the digital context of online education, mediated interactions not
only impact social presence but also influence the emotional experi-
ence of learners compared to traditional classrooms.

Pekrun's (2006) control-value theory offers a comprehensive
framework for understanding these emotions in educational settings,
highlighting them as central determinants of the learning process. The
theory categorizes emotions into two types: activity emotions and
outcome emotions. Activity emotions are those experienced during
engagement with learning activities, such as enjoyment, interest, bore-
dom and frustration. For instance, a student might feel enjoyment
during an interactive task they find interesting, or boredom during a
monotonous lecture. Outcome emotions, on the other hand, are
related to success or failure in learning activities, including feelings like
pride, shame, hope and anxiety. These emotions are particularly
salient in assessment contexts and can greatly influence a student's
approach to learning and performance. Positive outcome emotions,
like pride and hope, can foster resilience and a growth mindset, while
negative emotions, such as shame and anxiety, may hinder learning
and academic achievement. The theory is applicable in both traditional
and online learning environments, with similar emotions experienced
in both (Daniels & Stupnisky, 2012).

As concern online learning, a recent systematic review (Wu &
Yu, 2022) explored how achievement emotions affect online learning
outcomes, examining both positive (e.g., enjoyment, pride) and nega-
tive emotions (e.g., anxiety, boredom). The findings indicated that pos-
itive achievement emotions positively impact online learning
motivation, whereas negative emotions have an adverse effect.
Experiencing positive achievement emotions was associated with
more effective interactions and active knowledge construction. Exten-
sive research has indeed shown that achievement emotions have a
strong impact on student engagement and learning outcomes (Artino
Jr, 2012; Berweger et al., 2022; Cleveland-Innes & Campbell, 2012;
Daniels & Stupnisky, 2012; Marchand & Gutierrez, 2012; Pentaraki &
Burkholder, 2017; Vo, 2021).

Activity emotions are particularly crucial in online learning envi-
ronments, as they significantly influence information processing
(Artino Jr & Jones Il, 2012). In their study, Artino Jr and Jones Il
(2012) explored the relations between activity emotions (boredom,
frustration and enjoyment) and self-regulated learning behaviours in
an online course. The authors found that enjoyment was a positive
predictor of elaboration and metacognition, while boredom was nega-
tively correlated with elaboration and metacognition. Similar results
were found by Dai (2023), revealing that boredom negatively pre-
dicted elaboration and metacognition during online courses.

The role of emotions in online learning extends beyond learning
performance to include aspects such as the learner experience. As

Artino (Artino Jr, 2012) emphasizes, emotions can profoundly
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influence learners' motivation and their ability to stay engaged with
the content, thereby directly impacting their academic achievement.
Positive activity emotions like enjoyment and interest are linked to
increased motivation, enhanced learning strategies and better aca-
demic performance. The joy and the curiosity that a multimedia mod-
ule might evoke, all contribute to the holistic online learning
experience. On the other hand, negative activity emotions like bore-
dom and frustration can lead to disengagement and poorer learning
outcomes.

Recognizing this, affective e-learning models have been devel-
oped to better understand the emotional needs of learners. These
models, as highlighted by Sandanayake and Madurapperuma (2013),
not only identify the emotions of learners but also explore the intri-
cate correlation between these emotions and their overall learning
performance. This includes examining how different emotional states
can either hinder or enhance the learning experience.

In analysing the emotional landscape of online learning through
VC platforms, especially during the pandemic, some studies have indi-
cated that students experience higher levels of negative emotions
such as anger, anxiety and boredom and lower levels of positive emo-
tions, such as enjoyment and interest, while participating in online
synchronous VC learning (e.g., Murphy et al., 2020; Petillion &
McNeil, 2020; Unger & Meiran, 2020). Research has indeed shown
that, in online learning scenarios, negative emotions such as boredom
and anxiety are not only more prevalent but also perceived more
intensely by students than in face-to-face educational contexts
(Stephan et al., 2019). This heightened perception of negative emo-
tions in an online setting can have a detrimental impact on students’
academic performance. It suggests that the lack of direct, personal
interaction and the limitations of digital communication channels in
VC systems may exacerbate feelings of disconnection and disengage-

ment, thereby intensifying negative emotional experiences.

2.3 | The opportunities and challenges of desktop-
based VR social platforms in online synchronous
learning

VR social platforms are online spaces where people can interact with
each other in a virtual environment using an avatar as a representa-
tion of the self. These platforms can be accessed through either non-
immersive, desktop-based, or immersive VR technology, like HMDs.
Desktop-based VR refers to virtual experiences that are accessible on
standard desktop or laptop computers. The virtual environment is dis-
played on a regular computer screen and can be navigated using tradi-
tional input devices like a keyboard and mouse. According to research
by Makransky and Petersen (2019), desktop-based VR can enhance
both affective and cognitive engagement in educational settings. This
form of VR is particularly valuable due to its accessibility as it does
not require the costly and specialized equipment, like HMDs, associ-
ated with immersive VR setups.

Before the advent of advanced VR social platforms, Second Life

has been the most explored desktop-based VR social platform in
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education (e.g., Inman et al., 2010; Pellas, 2014; Warburton, 2009).
Previous studies have consistently demonstrated Second Life's effec-
tiveness in enhancing social presence and emotional engagement in
online learning environments. Research Mansour and col-
leagues (2009, 2010) found increased levels of social interaction and
presence among students using Second Life. Pellas (2014) revealed
higher motivation and social presence in Second Life compared to tra-
ditional learning systems. Further, works by Artino Jr (2012) and Ma
(2009) emphasized its benefits in collaborative learning and digital
game education. Additionally, Reinsmith-Jones and colleagues (2015)
and Richardson (2001) highlighted the positive effects on learning
outcomes and student satisfaction due to enhanced social presence.
However, it has also been noted that, despite the potentialities, it may
not be as effective as face-to-face interaction yet (e.g., Gao
et al., 2009; Sutcliffe & Alrayes, 2012).

New VR social platforms like Spatial, MeetinVR and Engage VR
offer more immersive experiences, with advanced avatar interactions
aiming to bridge the social presence gap more effectively and recent
studies have begun to explore the potential of desktop-based VR
social platforms in higher educational settings (e.g., Chessa &
Solari, 2021; Gomes de Siqueira et al., 2021; Guichet et al., 2022; Holt
et al., 2020).

Chessa and Solari (2021) compared students' experience while
using traditional VC systems (Microsoft Teams) and a VR social plat-
form (Mozilla Hubs). Feedback from participants indicated that while
the VC platform felt more like watching a video than attending a live
lecture, the Mozilla Hubs platform offered elements that enhanced
the sense of ‘being really there’, such as a virtual environment resem-
bling real classrooms and the ability to explore the virtual space. Simi-
larly, Holt et al. (2020) observed that ecology students using Mozilla
Hubs for presentations felt more engaged due to the shared virtual
space.

In the study by Gomes de Siqueira et al. (2021), the researchers
evaluated Mozilla Hubs as a tool for enhancing student interaction
and communication in a VR educational context. During the COVID-
19 pandemic, they implemented various virtual rooms and activities in
an introductory VR course. The study provides practical guidelines for
constructing effective virtual environments aimed at improving collab-
orative learning and engagement in educational settings. In particular,
it emphasizes the importance of optimizing activity duration by setting
time limits on virtual room usage and it recommends designing single-
room spaces that promote increased proximity among students,
thereby enhancing communication and interaction within the virtual
learning space.

Finally, one study (Yoshimura & Borst, 2021) examined the expe-
riences of students attending and presenting lectures on VR social
platform, comparing the desktop and the immersive experience
through HMDs. The authors evaluated aspects like presence, social
presence, simulator sickness and communication methods (e.g. hands
motions, like raising hands, head movements, the use of emoji, etc.).
Although certain discomfort-based symptoms and technical chal-
lenges were identified, the overall conclusion was that social VR plat-

forms hold significant promise as an alternative to conventional
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remote learning methods. The study found that immersive VR had a
distinct advantage in fostering a sense of social presence among users.
However, desktop-based VR emerged as more favourable in terms of
usability and in mitigating the effects of cybersickness, presenting a
balanced option for remote educational settings.

These and other studies (e.g., Barreda-AngeIes et al., 2023) sug-
gest that VR social platforms offer promising opportunities to foster a
sense of social presence and community in online learning facilitating
a more natural and spontaneous communication compared to tradi-
tional VC tools (Barreda-AngeIes et al., 2023). Furthermore, prelimi-
nary results indicate that VR social platforms have the potential to
significantly enhance students' emotional engagement, with students
reporting higher enjoyment and interest in learning within a VR collab-
orative environment rather than via VC platforms (Jeong et al., 2022;
Sriworapong et al., 2022). Whether through fully immersive devices
(Makransky & Lilleholt, 2018), or desktop applications (Makransky &
Petersen, 2019), this heightened emotional engagement could be
attributed to the interactive nature of VR, which creates stimulating
learning experiences where learners become active participants in
their educational activities, rather than being passive recipients of
information.

While these studies have been instrumental in analysing students'
experiences with new VR social platforms, there has not been yet a
comprehensive exploration of the specific learning gains, such as
knowledge acquisition, that is how effectively students can absorb
new information and knowledge retention, that is how well they can
retain this information over time. This exploration should consider
that the enhanced user experience offered by VR social platforms
may stimulate students' attention far beyond what traditional learning
tools can achieve, potentially boosting learning gains. At the same
time, it is important to recognize that while VR can indeed motivate
students to invest more effort in the learning process, the actual
learning gains are significantly influenced by an individual's interest in
the subject matter. This interest, reflecting a student's personal liking
and curiosity about a particular topic (Schiefele, 2009), drives deeper
engagement with the content, improving both the absorption and
retention of information (Schiefele et al., 1992). Therefore, despite
VR's ability to enhance the learning experience, the effect on educa-
tional achievements is also affected by the student's individual inter-
est for the subject. A comprehensive exploration in this area would
provide valuable insights into the educational efficacy of VR social
platforms.

Furthermore, another key aspect to be considered in this explora-
tion is that transitioning to VR poses challenges in usability. Usability
refers to the quality and accessibility of the technology in use, and it
is measured by perceived usefulness, that is the degree to which the
learners believe that using the platform will enhance their perfor-
mance, and perceived ease of use, that is the extent to which the
learners experience the technology as being easy or difficult to use
(Davis, 1989; Lee et al., 2010). These constructs have been exten-
sively explored within the context of using VR in educational settings
(e.g., Barrett et al., 2020; di Natale, Repetto, et al., 2024; Huang &
Liaw, 2018; Luo & Du, 2022). Learners' perceived easiness of use
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plays a crucial role in this case. For many students, initial interactions
with VR social platforms may be somewhat non-intuitive, largely
attributed to the novelty of the medium. The shift from traditional
online learning platforms to a VR environment can be indeed challeng-
ing for first-time users unfamiliar with 3D navigation and controls.
This unfamiliarity can stem from the unique ways in which these plat-
forms enable interaction and navigation within a virtual environment,
differing significantly from traditional digital interfaces. Moving
around in a virtual 3D space is fundamentally different from scrolling
through a 2D webpage and include a variety of controls and interac-
tions that can be overwhelming for first-time users. Students might
struggle with understanding spatial orientation, determining where
they need to go, or even how to get there. This can lead to feelings of
frustration and disorientation and may lead students to focus more on
how to move around and control the avatar than on the lecture.
Research highlights the importance of designing VR environments
that are intuitive and easy to use to increase learning benefits
(Makransky & Petersen, 2019) and achieving a balance between and
interactive and engaging experience and user-friendliness is key to
enhancing learning outcomes and boosting learners' self-efficacy,
thereby contributing to the overall effectiveness of VR in education
(Clark & Mayer, 2023).

3 | PRESENTSTUDY

The aim of this study was to analyse the potential of a VR social plat-
form (Spatial) compared to a traditional VC platform (Microsoft
Teams) for online synchronous learning, offering valuable insights into
the potential of emerging technologies for student's learning experi-
ence (social presence, emotions and ease of use) and learning out-
comes. While both platforms offer core functionalities essential for
synchronous online learning (e.g., real-time communication, content
sharing and group interaction), they present differences in some key
characteristics that may influence learners' experiences (see Table 1
for a summary).

First, as concern the type of environment, in Microsoft Teams,
participants join meetings from their private physical environments
(e.g., at home). This setup can limit the sense of being together as a

group, as each participant is isolated in their own space. The physical

TABLE 1 Key differences between Microsoft Teams and Spatial.
Microsoft teams Spatial
Environment e Private physical space e Shared virtual
space
e No spatial audio e Spatial audio
Visual self- e 2D video feeds o 3D full body
representation avatar
Interaction e Structured, turn- e Fluid, natural
based
e Mainly verbal e Gesture and
proxemic
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separation can make it challenging to create a cohesive group
dynamic, as the feeling of being in a shared space is absent. This may
lead to a less engaging experience, where participants might feel dis-
connected from one another, affecting the quality of interactions. On
the other hand, Spatial offers a shared virtual space that closely
mimics a physical gathering. In Spatial, participants enter a common
virtual environment where they can see and interact with each other
as avatars. This shared space can significantly enhance the sense of
physical co-presence, making participants feel as though they are in
the same room. The interactive nature of the virtual environment fos-
ters a stronger sense of togetherness and can lead to more natural
and spontaneous interactions (Ferrer & Fujiwara, 2022; Franceschi
et al., 2009; Steinicke et al., 2020).

Furthermore, as concern the audio, Microsoft Teams lacks spatial
audio, which means that all sounds are transmitted from one point,
potentially making the conversation feel less natural and more fatiguing,
as users must rely heavily on visual cues to reveal speaker location and
intent. Spatial, on the other hand, incorporates full 3D spatial audio,
enhancing the realism of conversations and making it easier for users to
identify who is speaking based on sound direction (Nowak et al., 2023).

Second, the visual self-representation of users in Microsoft
Teams and Spatial varies considerably, impacting non-verbal commu-
nication and social dynamics in distinct ways. In Microsoft Teams, par-
ticipants are shown as 2D video feeds, typically focusing on the upper
body. This representation gives participants the opportunity to see
others' real faces and facial expressions, potentially leading to
enhanced social connection and fostering active participation, as they
are aware of being observed by others (Daly-Jones et al., 1998;
upper body limits nonverbal cues mainly to facial expressions, while
the visibility of other non-verbal cues, such as full-body gestures and
posture, is reduced (Ayache et al., 2021). To this matter, research has
demonstrated that participating in a video conference session requires
increased visual, auditory and vocal efforts as well as cognitive load,
all of which create exhaustion or the so-called ‘Zoom fatigue’
(Bonanomi et al., 2021; Déring et al., 2022; Fauville et al., 2021).

In contrast, Spatial utilizes full-body 3D avatars to represent partic-
ipants, which leads to different social dynamics. Full-body avatars can
mimic a wider range of non-verbal cues, including posture, movement
and gestures, enhancing the sense of presence and making interactions
feel more natural and lifelike (Bailenson et al., 2006). Additionally, the
ability to move around as avatars in a shared space can create more
dynamic social interactions. Participants can approach each other, form
groups and engage in side conversations, much like in a physical setting.
This fluidity can enhance collaboration and spontaneity, fostering a
more interactive and engaging learning environment (McVeigh-
Schultz & Isbister, 2021). Furthermore, representing oneself through
avatars in Spatial can reduce self-consciousness and encourage partici-
pation from those anxious about being on camera (Kang & Watt, 2013).
However, the anonymity provided by avatars may also lead to reduced
accountability and potential disengagement (Han et al., 2023).

Additionally, the interaction styles facilitated by Microsoft Teams
and Spatial represent two distinct paradigms in online learning
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environments. Teams' grid-like presentation of participants fosters a
more structured, turn-based interaction style. This layout naturally
encourages a formal communication pattern where participants often
wait for clear pauses before speaking, leading to organized but poten-
tially less spontaneous discussions. Furthermore, fixed positioning and
limited non-verbal cues in Teams can make interactions feel more
rigid, with a heavier reliance on verbal communication. In contrast,
Spatial's shared virtual environment, where users can move freely,
opens up possibilities for more fluid conversations (Sawada
et al, 2021). This favours a less formal structuring, mimicking real-
world social behaviours, though it could also generate overlap in terms
of speaking turns. Furthermore, the ability to physically (although vir-
tually) approach or distance oneself from others enables more natural
non-verbal communication, potentially making interactions feel less
constrained and more engaging. This dynamic environment may
encourage more active participation and exploration, keeping learners
more involved in the process. However, it should be noted that Spatial
may limit the ability to read facial expressions clearly, which may
impact the depth of emotional connection and comprehension during
interactions. Despite this limitation, the overall interactive nature of
Spatial presents an interesting alternative to more traditional, struc-
tured platforms like Teams, providing a combination of engagement
and flexibility in online learning environments.

These differences provide a unique opportunity to explore how
varying degrees of technological characteristics and novel interaction
and communication paradigms might influence the effectiveness of
online education. Through this comparison, we can better understand
the potential benefits and challenges of integrating more immersive
technologies into educational settings, informing future developments

in online learning platforms.

3.1 | Research questions

This study was structured around two primary research questions,
aiming to explore different aspects (learning gains and students' expe-
rience) of online synchronous learning through a VC platform and a

VR social platform.

RQ1. The first goal of our study was to compare the
impact of VC and VR platforms on students' learning
gains, by analysing their immediate knowledge acquisi-
tion and long-term knowledge retention. Drawing from
the literature, showing the immersive and interactive
capabilities of VR social platforms (Chessa &
Solari, 2021; Gomes de Siqueira et al., 2021; Holt
et al., 2020; Yoshimura & Borst, 2021), which are pos-
ited to enhance learning effectiveness (Merchant
et al., 2014), we hypothesized that:

H1a. Students will demonstrate greater immediate
knowledge gains when learning through the VR social

platform rather than the VC platform.
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H1b. Students will exhibit better knowledge retention
over time when the learning content is presented
through the VR social platform rather than the VC

platform.

Additionally, recognizing the role played by individual interest in
the topic on learning outcomes (Hidi & Renninger, 2006), our analysis
also includes an examination of how students' inherent interest in the
topic addressed interacts with the platform used to mediate both

knowledge acquisition and retention.

RQ2. The second objective of our study was to exam-
ine how experiences with VR social platforms diverge
from VC platforms by exploring key constructs integral
to the online learning experience. In particular, this
investigation focused on three key aspects: social pres-
ence, ease of use and emotional experience. Within this
objective, we developed the following hypotheses and
research question:

H2a. Based on prior studies, showing the potentiality
of VR social platforms to foster a strong sense of pres-
ence and community (Chessa & Solari, 2021; Gomes de
Siqueira et al., 2021; Holt et al., 2020; Yoshimura &
Borst, 2021), we hypothesized that VR users will report

higher social presence than VC users.

H2b. Considering the novelty of VR social platforms or
online learning, which can pose challenges due to their
unfamiliarity and complexity (Clark & Mayer, 2023), we
also hypothesized that students might find VC platforms

to be easier to use than VR social platforms.

RQ3. Understanding the critical role that emotions play
in learning processes (Pekrun, 2006), our third research
question concerns the exploration of the emotional
experiences of students, encompassing both positive
emotions (such as enjoyment and interest) and negative

emotions (like boredom and frustration).

Students' experiences were further explored through in-depth
interviews to gather insights on students' subjective experiences with

VR social platforms and VC platforms as learning environments.

4 | MATERIALS AND METHODS

41 | Research design

In line with previous research (Geana et al., 2023), this study adopted
a mixed-methods approach, incorporating both quantitative tech-
niques and a qualitative exploration of students' experience. Specifi-

cally, questionnaires were administered to assess students'
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experiences, capturing aspects such as social presence, emotional
experience (i.e., activity emotions experienced during the lesson) and
perceived ease of use. Knowledge acquisition and retention were
evaluated using a multiple-choice questionnaire. Additionally, in-depth
interviews were conducted to gain deeper insights into participants'
perceptions and learning experiences with the platforms.

The study followed a within-subject design, with each participant
engaging in two lecture modules delivered through different plat-
forms: one via a VC platform and the other via a VR social platform.
The study was approved by the Local Ethical Committee of the
Department of Psychology of the Universita Cattolica del Sacro
Cuore, Milano.

4.2 | Participants

As an approximation of the present analysis using linear mixed-effects
models, the sample size of this study was calculated a-priori with
G*Power, and it was found that 34 participants were needed to detect
a difference between two means with 80% power with a medium
effect size (f = 0.25) in a repeated measure design. However, calculat-
ing power for linear mixed models is inherently more complex
(Brysbaert, 2019). To address this, we used the SIMR package (Green &
Macleod, 2016) to calculate post-hoc power simulations for our LMMs
used in testing H1a and H1b, concerning the effect of the platform on
students' learning outcomes. However, since the platform variable was
part of an interaction with individual interest, we assessed its impact by
comparing the full model, which includes the interaction effect, to an
alternative model that does not include the platform variable. This
approach allowed us to test if the platform had a meaningful effect,
particularly through its interaction with individual interest. We used the
fcompare function of the SIMR package to specify this alternative
model and ran 100 simulations with a significance level of a = 0.05.
The results showed that we have an 82% chance of correctly detecting
the effect of the platform when it interacts with individual interest.

A total of 44 individuals were invited through email among university
students. However, only 34 participants completed both conditions. Ages
spanned from 19 to 29 years, with an average age of 22 (SD = 3.20). The
sample was predominantly female, constituting 88% (30 females, 4 males).
A significant 77% came from the psychology domain, followed by 9%
from education, 6% from business and marketing, and 3% each from biol-
ogy, engineering and sports science. Notably, 88% (30) had no prior expe-
rience with VR social platforms. Of the remaining 12% (4), all had
experimented with such platforms primarily for entertainment, while only

1 previously had experience in the context of education.

43 | Platforms

In our study, we evaluated one VC platform and one VR social plat-
form for their online educational implications. We used Microsoft
Teams, a widely adopted VC tool, which offers functionalities like

video calls and screen sharing, facilitating communication and
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teamwork. On the other hand, we integrated Spatial, a VR social plat-
form tailored for hosting online meetings, lectures and events with
multiple attendees. Though Spatial is designed to possibly offer an
immersive experience via VR headsets, our participants accessed it
using desktop mode on their computers. Upon entry, participants
could choose their avatar among a set of 21 pre-selected non-
customizable avatars and then entered the room.

Following Gomes de Siqueira and colleagues' guidelines (Gomes
de Siqueira et al., 2021), the room was selected among others, to be a
single confined space where users could take seats next to each other
(Figure 1a) and interact with the teacher (Figure 1b). Detailed guide-
lines were provided to ensure that participants could navigate and use
both platforms.

44 | Lecture and modules

A lecture on computational thinking and coding was divided into two
modules: Module 1 and Module 2. In Module 1, students were intro-
duced to fundamental theoretical concepts and practical examples
related to computational thinking. Moving on to Module 2, the focus
shifted towards the theoretical foundation and application examples
of coding and educational robotics activities. The lectures were con-
ducted in a conventional lecture-style format, featuring a teacher
delivering the content with the aid of presentation slides.

The choice of this topic was motivated by two primary factors.
First, we needed a subject matter suitable for the administration of a
multiple-choice test as part of the knowledge assessment. Second, we
chose a topic that had not been covered in the courses attended by
the invited participants (see ‘4.2. Participants’ Section). However, rec-
ognizing that individual interest can influence attentional processes
and potentially impact learning outcomes, we decided to measure par-
ticipants' dispositional interest in the topic (see ‘4.5.1. Individual inter-
est in the topic’ Section). Our methodology is designed to not only
quantify the pre-existing interest levels in computational thinking and
coding among participants but also to explore how this interest inter-
acts with the learning gains observed over the course of the study.

Following Gomes de Sequeira and colleagues' (Gomes de Siqueira
et al., 2021) guidelines, highlighting the need for short, concentrated
sessions to increase the likelihood of student engagement in the
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FIGURE 1 The Spatial VR
environment (a) and the avatar of
the teacher (b) used for the
experiment.

(b)

virtual space, each module lasted approximately 30 min. These mod-
ules were presented on consecutive days at a consistent time. On
both platforms, the same assistant was available to aid participants
with any technical challenges during the session. In the VC condition
(Microsoft Teams) the assistant was visually present among partici-
pants in the call, and in the VC condition she was represented by an

avatar and joined to room with participants.

45 | Measures

451 | Individual interest in the topic

To evaluate interest in the subject, we used an Italian-adapted version
of the Academic Interest Scale's engagement subscale (Luo
et al., 2019). This scale evaluates the inclination to participate in spe-
cific learning activities related to the subject (e.g., ‘I would like to
know more about [the topic]’). The scale consists of seven items, each
rated on a 7-point Likert scale ranging from 1 (strongly disagree) to
7 (strongly agree). We calculated the overall interest score by averag-
ing these item scores (a = 0.91, w = 0.91; Peters, 2014). Higher aver-
age scores reflect greater interest in the subject.

452 | Social presence

We assessed social presence using an Italian-adapted version of the
social presence subscale from the Multimodal Presence Scale
(Makransky et al., 2017), consisting of five items (e.g., ‘| felt like | was
in the presence of other people in the online environment.’) Items
were measured on a 7-point Likert scale ranging from 1 (strongly dis-
agree) to 7 (strongly agree). The mean value of the items was used to
calculate the scale's total score (@ =0.79, w = 0.80; Peters, 2014),
with higher scores indicating a stronger sense of social presence.

453 | Activity emotions

Activity emotions were measured by asking participants to evaluate

the degree to which they experienced each specific emotion during
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the lesson using a visual analogue scale, ranging from O (not at all) to
10 (a lot). This study retrospectively assessed activity emotions
(Pekrun, 2006) (enjoyment, relaxation, anger, frustration, boredom)
and other ad-hoc emotions that are relevant in learning contexts (two
positives: interest and awe; two negatives: shame and anxiety). The
choice to include specific emotions such as interest, anxiety, awe and
shame in the analysis of emotions during educational activities in VR
is strategically significant. Interest and anxiety are typical emotions
investigated in educational settings (Hidi & Renninger, 2006; Pekrun
et al., 2002); interest enhances focused attention towards the object
thus sustaining student engagement, while anxiety can negatively
affect learning and the overall experience. The inclusion of awe and
shame, on the other hand, reflects an innovative approach specific to
the VR environment. VR offers immersive experiences that can elicit
awe, a positive emotion, which stimulates curiosity and potentially
enhances learning and engagement. Shame, on the other hand, may
be more relevant in VR social platforms, where participants interact
through their avatars. This virtual representation might impact the
way individuals perceive and experience social interactions, including
the feeling of shame, making this emotion a unique aspect worthy of

exploration.

454 | Perceived ease of use

Perceived ease of use was measured using an Italian-adapted version
of the items previously used by Lee and colleagues (Lee et al., 2010)
to test the effectiveness of desktop VR for learning, consisting of four
items (@ = 0.82, w = 0.84) (Peters, 2014); example item: ‘Overall, |
think this platform is easy to use.’. ltems were measured on a 7-point
Likert scale (1: strongly disagree; 7: strongly agree). The mean value of
the items was used to calculate the scale's total score. Higher scores

indicate stronger perception of easiness of use.

455 | Knowledge acquisition and retention

In this study, students' prior knowledge was initially assessed using
10 multiple-choice questions focused on the content of Module 1 and
10 multiple-choice questions related to Module 2. The questions pre-
sented four possible answer choices, and the sequence of questions
was randomized. After completing each module, students' knowledge
acquisition was measured using the same10 multiple-choice questions
referring to the module. Furthermore, to understand delayed knowl-
edge retention over time, an assessment was conducted one-week
after using an identical set of 10 multiple-choice questions related to
Module 1 and 10 multiple-choice questions concerning the contents
of Module 2. The questions aimed to primarily assess factual knowl-
edge (e.g., definitions, historical facts, key figures in the field) and con-
ceptual understanding (e.g., principles and components). For analysis,
answers were coded dichotomously: 1 for correct and O for incorrect
and a sum score was calculated. Given the dichotomous nature of the

responses internal consistency was calculated using the Kuder-
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Richardson Formula 20 (KR-20) for the pre-test (KR-20 = 0.78) and
post-test (KR-20 = 0.82) separately, indicating acceptable reliability
for our measures.

456 | In-depth interview

Upon the completion of the study and both lessons, participants were
invited to take part in an in-depth interview aimed at delving into their
experiences with the platforms. The interviewer initiated the conver-
sation with a broad theme, such as, ‘Can you describe your overall
experience participating in the lectures on the two platforms?’ Partici-
pants were then encouraged to freely elaborate on their experiences.
While the interviewer aimed to keep the discussion focused on rele-
vant topics, she avoided being overly restrictive. Audio were recorded
and transcribed. Following previous approaches (e.g., Bressler &
Bodzin, 2013; Stevanovi¢ et al., 2021; Yildiz Durak, 2018), students'
responses during the interview, prompted by open questions, were
analysed to gain insights into their experiences with the platforms.
These insights have been expressed in the form of statements. Within
these statements, specific themes related to students' perspectives on
learning platforms emerged. These themes were further categorized

using codes, and the frequency of each code was documented.

4.6 | Procedure
One week before the experimental phase, researchers sent participants
a link to a survey, built on Qualtrics, aimed at gathering sociodemo-
graphic data (age and sex) and to evaluate their prior knowledge on the
lesson topics. They then engaged in two online lecture modules: one via
the VC platform, Microsoft Teams and the other through the VR social
platform, Spatial, both accessed in desktop mode (see Figure 2a,b).

Participants were assigned to groups based on their availability
for the dates offered, employing a convenience sampling method. To
maintain manageable group sizes for effective tutoring and support,
each group was capped at 10 participants with a minimum required
group size of 5. A total of 5 groups were formed (group 1: 6 people;
group 2: 7 people; group 3: 6 people; group 4: 10 people; group 5:
5 people). To ensure unbiased comparison a counterbalanced order
was used that one group of participants started with the VC platform
and then switched to the VR social platform for the second module.
The other half followed the reverse order. As a result, groups 1, 3 and
5 (total participants: 17) completed module 1 on the VC platform
and module 2 on the VR social platform, while groups 2 and 4 (total
participants: 17) completed module 1 on the VR social platform and
module 2 on the VC platforms. Within each group, modules were
scheduled consecutively, at the same time on two successive days,
ensuring consistency with the same lecturer and identical materials.
For a detailed description of each module, such as content and timing,
please see Section 4.4. ‘Lecture and mEodules.’

Immediately after the completion of the module, researcher sent

participants a link to a survey, built on Qualtrics, where they could
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(b)

FIGURE 2 A screenshot from the Microsoft Teams setting (a) and from the Spatial VR setting (b).
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FIGURE 3 The procedure of the study.

(a) answer the 10 online multiple-choice questions to evaluate knowl-
edge retention; (b) complete the post-experience online question-
naires assessing physical and social presence, emotional experience
and platform ease of use. Once the questionnaire was completed par-
ticipants could rejoin the online session, where an online in-depth
interview was conducted, allowing participants to elaborate on their
experiences with the two platforms.

After 1-week participants were sent a link to a survey, built on
Qualtrics, where they could complete the 10 multiple-choice ques-
tions related to Module 1 and Module 2 again.

The procedure is shown in Figure 3.

4.7 | Statistical analysis
In our examination of knowledge acquisition and retention, we aimed
to assess the impact of the platform, while further exploring its interac-

tion with dispositional interest towards the learning topic. Therefore,

considering the inclusion of multiple predictor variables (platform and
interest), alongside accounting for individual variability, for this analysis
we employed a linear mixed modelling approach, using the Imer() func-
tion in R. Knowledge acquisition and retention were quantified using
raw gain scores, defined as the change in performance scores, or delta
(A) scores (Westphale et al., 2022). This involved computing the differ-
ence between post-module test scores and the initial pre-module test
scores, for knowledge acquisition and the difference between the
follow-up test scores (administered 1 week later) and the post-module
scores for knowledge retention. For instance, a shift from a score of
6 in the pre-test to 8 in the post-test yielded a raw gain of +2 in knowl/-
edge acquisition. Similarly, if a student's score on the follow-up test for
Module 1 was 7, and their immediate post score was 6, then their A
score for knowledge retention would be +1. This offers insight into
how effectively students were able to retain the knowledge they
acquired from the modules over an extended period.

We opted for raw gains because they provide a direct and unam-

biguous measure of the knowledge a student has acquired from a
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module. While other metrics, like normalized gains (Westphale
et al., 2022), offer relative measures of improvement, raw gains present
an absolute increase in scores, making them straightforward and easy
to interpret. This absolute measure directly quantifies the actual num-
ber of new concepts or facts a student has grasped after exposure to
the module, accurately capturing the extent of knowledge acquisition
after exposure to the content regardless their starting point or their
potential of learning. This score was then associated with the specific
platform (VC or VR) on which they completed that module. So, if the
student attended Module 1 using the VC platform and showed a delta
score of +2 compared to prior knowledge at baseline, this change in
knowledge acquisition would be attributed to the VC condition.

It is noteworthy that an independent t-test performed on the
results of the initial assessment (TO) between Modules 1 and 2 did not
exhibit significant differences (t = 1.96, df = 32, p > 0.05), leading us
to treat them as equivalent in subsequent analyses.

In conclusion, to investigate the effect of the platform (VC vs. VR)
and of participants' interest on A scores, we used the following formula:

Imer(A — platform®interest + (1/ID)).

Participants were treated as a random effect to account for the indi-
vidual variability in repeated measures. Unlike the analysis of student
experience, where the emphasis was on capturing the breadth and depth
of feelings and perceptions, the analysis of knowledge acquisition was
centred on analysing exact learning outcomes. In this context, outliers
could significantly skew results and misrepresent true learning trajecto-
ries. Thus, it was crucial to identify and exclude such outliers. Outliers
were identified through a boxplot analysis. This graphical method pro-
vides a visual means to detect observations that lie significantly outside
the typical range of data points, as delineated by the interquartile range.
One participant was identified as an outlier and removed from the data-
set. Consequently, the analyses concerning knowledge acquisition and
retention were carried out with a revised cohort of 33 participants.

Student's experience was analysed in terms of social presence,
emotional experience (i.e., activity emotions experienced during the
lesson) and platform's ease of use. In this case we only had one pre-
dictor (platform: VR vs. VC) and therefore opted for a simpler model.
For normally distributed data, we conducted Student's paired t-tests
using the t.test() function in R to assess the differences. In cases
where the data did not follow a normal distribution, we employed the
Wilcoxon rank-sum test using the wilcox. test() function in R. When
dealing with tied observations or instances where differences equated
zero, we applied the Wilcoxon rank-sum test with continuity correc-
tion (Lehmann, 1975), which is a normal approximation applied when
exact probability cannot be computed because of ties in the absolute
values of the differences. Furthermore, to account for multiple com-
parisons, as we conducted a total of 11 tests (including social pres-
ence, 9 emotions and ease of use), we applied the Bonferroni

correction to adjust the p-values accordingly.
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5 | RESULTS

51 | Knowledge acquisition

Investigating the impact of condition on knowledge acquisition scores,
we employed a linear mixed-effects model with ‘online platform’ and
individual interest' as fixed effects and participants as a random effect.
The model examined the interaction between online platform (VR vs.
VC) and students' interest in the topic. The analysis revealed a signifi-
cant main effect of platform used on knowledge acquisition scores
(=722, SE=2.23, df = 31, t = 3.237, p < 0.01) with the VR plat-
form leading to higher scores compared to VC platform (M,, = 4.27,
SD,, = 2.05; M, = 4.18, SD,. = 2.20). Moreover, interest was found
to significantly predict knowledge acquisition scores (p = 0.89,
SE = 0.39, df = 54.6774, t = 2.28, p < 0.05). Importantly, there was a
significant interaction between the platform condition and interest
(= —1.43, SE =0.4420, df = 31, t = —3.24, p < 0.01). Given that
we were interested in understanding how the relationship between
the platform and knowledge acquisition could differ depending on
students' interest, we probed the interaction by exploring how the
knowledge acquisition differs between conditions at varying values of
students' interest. To do that we conducted Bonferroni-corrected
pairwise comparisons for each level of individual interest in the topic.
At lower levels of individual interest in the topic (interest levels 1 to
4), participants exhibited significantly lower knowledge acquisition
scores in the VC condition compared to the VR condition (p < 0.05).
However, as dispositional interest increased, this trend reversed. At
interest level 5, there was no significant difference between the two
conditions (p = 0.91), indicating comparable outcomes. Notably, at
higher levels of dispositional interest (interest levels 6 and 7), partici-
pants in the VC condition demonstrated significantly higher knowl-
edge acquisition scores than those in the VR condition (p < 0.05). This
shift from a negative to a positive contrast with increasing disposi-
tional interest underscores the complex interplay between individual
interest levels and platform conditions in shaping learning outcomes

(see Figure 4).

5.2 | Knowledge retention

To investigate the influence of the online platform (VC vs. VR) on
students' knowledge retention, as indicated by the change in
scores (A) during the retention phase, we conducted a linear
mixed-effects analysis. The model accounted for participants'
interest in the topic and treated participants as a random effect.
The analysis revealed no significant main effect of the learning
platform on the change in retention scores (condition: VR,
t =0.178, p > 0.05) and no significant interaction between the
platform and participants' mean interest in the topic (condition:
VR x mean interest, t = —0.272, p > 0.05).
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FIGURE 4 Interaction plot.
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TABLE 2 Comparison of students' experience on the two .
5.3.1 | Social presence

platforms.

Normally distributed variables (paired Students' t-test, t)

VC VR
M (SD) M (SD) t(33)
Social presence 4.66 (1.03) 4.48 (1.40) 0.61
Emotions Fun 3.94 (2.40) 7.06 (2.23) —6.14**
Relax 5.76 (2.50) 6.00 (2.61) —0.46
Awe 1.76 (2.57) 5.88(3.25) —5.86**
Interest 6.18 (2.41) 7.94 (1.72) —3.44*
Non-normally distributed variables (Wilcoxon test, w)
vC VR
M (SD) M (SD) w
Emotions Anger 0.56 (1.76) 0.24 (0.55) 20
Frustration 0.65 (1.87) 0.97 (1.55) 31.5
Boredom 1.76 (1.79) 0.91(1.42) 198.5**
Anxiety 1.06 (2.28) 0.76 (1.39) 55
Shame 1.41(2.19) 0.76 (1.35) 88.5
Ease of use 6.07 (0.63) 5.01 (1.09) 455**

*p < 0.05; **p < 0.001.

5.3 | Students' experience

Students' experience was evaluated in terms of social presence, easi-
ness of use and perceived emotions. Table 2 presents a summary of
the key findings from comparing the VR social platform and the VC
platform.

A paired-samples t-test was conducted to detect potential differences
on students perceived social presence while attending a lecture on a
VC platform or on a VR social platform. The analysis revealed no sig-
nificant difference on students' perceived social presence between
the platforms, t (33) = 0.61, p > 0.05, with students reporting only
slightly higher feelings of social presence in the VC platform
(M = 4.66, SD = 1.03) than in the VR platform (M = 4.48, SD = 1.40).

5.3.2 | Perceived ease of use

Regarding perceived ease of use, the VC platform surpassed VR with
a mean score of M = 6.07, SD = 0.63. Conversely, the VR platform
scored notably lower with M = 5.01, SD = 1.09. This divergence was
statistically significant, W =455, p <0.001, suggesting students
found the VC platform more intuitive and user-friendly than its VR
counterpart.

5.3.3 | Emotional experience
When diving into the emotional experiences of students on both plat-
forms, distinct patterns emerged.

For normally distribute emotions (fun, relaxation, awe and inter-
est) a paired-sample t-test was performed. Results revealed that stu-
dents reported significantly more fun in the VR platform (M = 7.06,
SD = 2.23), than in the VC platform (M = 3.94, SD = 2.40), t (33)
= —-6.14, p<0.001. Similarly, feelings of awe were markedly
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heightened in the VR environment (M = 5.88, SD = 3.25) compared
to the VC platform (M = 1.76, SD = 2.57), t (33) = —5.86, p < 0.001.
The VR platform also saw greater levels of interest (M = 7.94,
SD = 1.72), than the VC platform (M = 6.18, SD = 2.41), t(33)
= —3.44, p < 0.05. The emotion of relaxation did now show any sig-
nificant difference between the two platforms.

For non-normally distributed emotions (anger, frustration, bore-
dom, anxiety and shame), a Wilcoxon rank-sum test with continuity
correction was performed. The data revealed that the VC platform sig-
nificantly elicited higher feelings of boredom (M = 1.76, SD = 1.79)
compared to the VR platform (M =0.91, SD = 1.42), W = 198.5,
p < 0.001. Anger, frustration, anxiety and shame were not significantly
different between the two platforms.

534 |
platforms

Learners' insights and experiences of the

A total of 33 people participated in the in-depth interview. The audio
recordings of the interview were transcribed and translated in English
(see Appendix A). The interviews were used to enrich the understand-
ing of the data and provide a more qualitative explanation of partici-
pants' experiences with the two different platforms. Participants
statement mainly referred to four main themes.

The first theme was related to the ‘familiarity and ease of use’ of
the platforms. This captures the importance of how intuitive and user-
friendly a platform is perceived to be. It reflects participants' prefer-
ences for interfaces that are easy to navigate and require minimal
learning to use effectively. As regard this theme, some people
(n = 18) reported their preference for Teams because of familiarity
and ease of use compared to Spatial (e.g., Group3, Participant 2: ‘[...]
it took me a while to figure out how it worked’). Nevertheless, some
participants reported (n = 7) their interest in the novelty of Spatial,
however recognizing the need for training and repeated exposure to
overcome initial challenges and get used to it (e.g., Group 1, Participant
2: ‘[...] However maybe | think by using this one [Spatial] more sooner
or later you learn and then it becomes more interesting to learn in
this way’).

The second theme that emerged was related to the ‘immersion,
engagement and interactivity’ of the platforms. This focuses on the
degree to which a platform can create a sense of presence and high-
lights the platforms' capabilities to facilitate an immersive experience
that captures users' attention and encourages active participation. In
this respect, some people (n = 16) reported greater involvement
in Spatial due to interactivity (e.g., Group 1, Participant3: ‘This plat-
form [Spatial] is very interesting, because it is interactive and makes
you feel more participatory, more in a group’) and immersive experi-
ence (e.g., Group 5, Participant 3: ‘[...] the advantage of Spatial is that
it is much more immersive’), also reporting more positive emotions,
such as fun (e.g., Group 2, Participant 1, ‘I found it fun [Spatial]’), awe
(Group 4, Participant 5: ‘[...] it amazed me’) and interest (e.g., Group
2, Participant 6: ‘| would also propose activities with avatars, that was

very interesting’). However, some (n = 5) also reported higher feeling
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of involvement and interaction in Teams thanks to the possibility of
seeing other people (e.g., Group 2, Participant 3: ‘[...] | did not feel this
great interaction either with the professor or the other classmates. [...]
[Teams], on the other hand, because of the camera, [...] can promote
more interaction between classmates, because you see each other
and you are more present’).

In this respect, another theme raised was related to the use of
‘avatars versus real appearances’. This explores users' preferences
regarding the visual representation of participants within the platform,
whether through avatars or real-life appearances. It explores how
these representations can influence feelings of comfort, distraction
and the overall sense of connection among participants. About this
issue, people (n = 14) reported their preference for seeing the real
appearance of people for a feeling of closeness in Teams (e.g., Group
2 Participant 6: ‘[...] it is still nice to have the avatar, but it is still bet-
ter to see them, | mean, | find closer, to feel people closer if | actually
see them as they are.’). However, some (n = 6). reported their prefer-
ence for the use of avatars in Spatial to feel more comfortable and
reduce distractions, deriving from wondering how you look like
and by looking at other cameras (e.g., Group 2, Participant 2: ‘| fol-
lowed [...] more easily [in Spatial] than in Microsoft [Teams] like today.
Because then I'm someone who maybe even looks at other people's
cameras, | get distracted).

Finally, one considered theme was related to the ‘technical
issues’. This addresses the stability and reliability of platforms. This
theme outlines the challenges users might face while navigating the
technology. It encompasses the frequency and nature of technical
problems encountered and their impact on the user experience. Tech-
nical issues were reported more frequently (n=5) in Spatial
(e.g., Group 2, Participant 4: ‘[...] [In Spatial] also the technical prob-
lems were many’), despite some occasional issues were reported also
for Teams (n = 2).

Overall, the statements show that, while Teams is generally pre-
ferred for its familiarity and ease of use, as well as the ability to see
what people actually look like, Spatial is valued for its interactivity and
the immersive experience it provides. However, Spatial also presents
greater technical challenges than Teams.

6 | DISCUSSION

The aim of this research was to compare a traditional VC platform
(Microsoft Teams) and a VR social platform (Spatial) as possible online
learning solutions, focusing on students' learning experience and
knowledge gain and retention. For this purpose, we invited students
to attend two lectures, each delivered on either one of the two plat-
forms, and we quantitatively evaluated their experiences in terms of
social presence, activity emotions, perceived ease of use using self-
reported questionnaires and we further assessed their immediate and
delayed learning gains using multiple-choice tests delivered immedi-
ately after and one-week after the lectures. An in-depth interview
was also conducted to qualitatively understand students' perceptions

on their learning experience with the two platforms. Results provide
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interesting insights into the interplay of several factors in the success
of online learning.

Our primary research question (RQ1) regarded the evaluation of
the effectiveness of VR social platforms in enhancing learning out-
comes within online educational contexts.

As concern students' learning gains, the study confirmed our
hypothesis (H1a) showing a significant effect of the platform used
(VC vs. VR) on immediate knowledge acquisition and a significant
interaction with students' interest in the topic, suggesting that stu-
dents' prior interest could modulate the effectiveness of the platform
used. The significant main effect of platform use on knowledge acqui-
sition scores, with VR outperforming VC overall, aligns with the
hypothesis that even desktop-VR environments can enhance learning
through their engaging and interactive features (Makransky &
Petersen, 2019; Merchant et al., 2014). However, the interaction
between platform condition and student interest presents a trend
indicating an inverted relationship as dispositional interest increases.
Initially, for students with lower levels of interest (levels 1 to 4), VR
significantly enhances knowledge acquisition compared to VC. This
effect can be attributed to VR's ability to captivate attention and pro-
vide a novel learning experience, which is particularly beneficial for
learners who might not be inherently motivated by the subject matter.
As dispositional interest increases, however, this advantage dimin-
ishes, and at the highest interest levels (6 and 7), VC becomes more
effective for knowledge acquisition than VR. This shift suggests that
for students already highly interested in the topic, the immersive fea-
tures of VR might act more as distractions than aids, possibly because
these students do not require additional sensory engagement to focus
on the content. This trend underscores the complex interplay
between technology, individual differences in interest and learning
outcomes. It suggests that while VR has the potential to significantly
enhance learning for those less engaged with the content, its benefits
are not uniform across all learners. For those with high dispositional
interest, simpler VC platforms may be more effective, possibly due to
fewer distractions and a focus on content delivery.

Despite the immersive and engaging nature of VR, and its poten-
tial benefits for immediate knowledge acquisition as seen in earlier
sections, its influence on long-term knowledge retention does not sig-
nificantly differ from that of VC platforms, therefore rejecting our ini-
tial hypothesis (H1b). This outcome indicates that the type of
platform used—whether immersive VR or traditional VC—does not
have a discernible impact on students' ability to retain information
over time. This suggests that the engaging features of VR, which are
effective in capturing attention and enhancing immediate learning
outcomes, may not translate into long-term retention advantages. This
could be due to the nature of memory consolidation processes,
which are influenced by factors beyond initial engagement, such as
the depth of processing, rehearsal and the application of generative
learning strategies (Klingenberg et al., 2020; Makransky et al., 2021).
The VR experience might facilitate a deeper initial engagement with
the material, but this does not inherently guarantee improved reten-
tion without the integration of strategies that promote durable

learning.
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Beyond learning gains, our second research question (RQ2) con-
cerned students' learning experiences with the two proposed plat-
forms (VC and VR).

Regarding students' feelings of social presence, we did not find a
significant difference between the VC and VR platforms. This finding
does not support our hypothesis (H2a) that VR social platforms might
offer a more interactive environment, fostering a greater sense of inti-
macy and immediacy. Feedback from the in-depth interview suggest
that this result might possibly be due to the fact that although the VR
platform was perceived as more interactive and immersive than the
VC platform, the representation of users through avatars, as opposed
to their real appearances, might have diminished the perception of
intimacy and closeness.

This preference is deeply rooted in the social presence theory
(Short et al., 1976) and the media richness theory (Daft &
Lengel, 1986). The social presence theory, for instance, posits that the
sense of ‘being there’ with others is heightened when the medium
allows for a full spectrum of nonverbal cues, such as facial expressions
and gestures. This is where VC gains an edge, offering a ‘richer’
medium (Daft & Lengel, 1986) than desktop-based VR social platforms
that often lack the depth of human expressions (e.g. face movements,
natural gesture, posture, etc.), leading to a potential reduction in
empathetic connections. Seeing real faces, facial expressions and
emotional cues promotes social bonding, which can lead to better col-
laboration and knowledge sharing (Ayache et al., 2021; Bailenson
et al.,, 2006). Furthermore, visibility of participants' real faces makes
them more likely to stay attentive, participate actively and adhere to
social norms, as they are aware of being observed by others (Daly-
students are often reluctant to activate their camera with concerns
about personal appearance are the main reasons students turn off
their video cameras (Castelli & Sarvary, 2021; Petchamé et al., 2022).
In contrast, Spatial uses full-body 3D avatars to represent participants,
which brings different dynamics to the interaction. While the inability
to visualize others may diminish the sense of being together, using
avatars can significantly reduce self-consciousness among partici-
pants, as those who might feel shy or anxious about being on camera
may find it easier to engage when their real faces are not visible. It
has been recently demonstrated that avatars have the potential bridge
the gap between audio-only and video representations (Higgins
et al., 2021; Panda et al., 2022). In such contexts, social presence
could be promoted through preliminary meetings, where participants
have the occasion to see each other's real appearances. Sutcliffe and
Alrayes (2012) observed in their study that many participating groups
emphasized the importance of having initial interactions offline before
engaging in online collaboration. These preliminary encounters could
be facilitated through online platforms (such as Teams) or in a tradi-
tional face-to-face setting. Future research should explore the long-
term effects of these preliminary interactions on the effectiveness of
VR and VC platforms in fostering social presence and collaborative
learning.

Furthermore, Nowak and Biocca et al's (2003) research

highlighted the significance of visual fidelity in avatars for enhancing
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social presence in virtual environments. They argued that high-fidelity
avatars, which closely resemble their users, can facilitate a stronger
sense of social presence and intimacy. This is consistent with the idea
that more realistic representations can increase familiarity (Di Natale
et al., 2023) and bridge the gap between virtual and face-to-face
interactions. In this study, students could only choose among pre-
selected avatars, with no possibility to customize them, a feature that
has been recently indicated as essential in promoting stronger sense
of social presence in online communication (Higgins et al., 2021). Fur-
thermore, Spatial offers more cartoon-like avatars (see Figure 1b),
suggesting that these low realistic representations may be a barrier to
achieving the same level of social presence and intimacy as platforms
that use real appearances or eventually more realistic avatars, like
Engage VR (https://engagevr.io/).

Therefore, while VR social platforms' immersive qualities provided
a novel and engaging experience, the lack of real appearances in Spa-
tial appeared to counteract these benefits in terms of fostering social
connectivity, diminishing the perception of intimacy and closeness in
VR. This finding suggests a complex interplay where the immersive
and interactive benefits of VR are to some extent neutralized by the
lack of visual human connection, bringing VR platforms comparably
effective as traditional VC tools in fostering social presence.

In terms of ease of use, self-reported quantitative data indicated
that students found the VC platform more intuitive and user-friendly
compared to the VR social platform. The substantial difference in per-
ceived ease of use confirms hour hypothesis (H2b) that while VR
social platforms may offer a rich environment, their interface or con-
trols might pose challenges for some students. Several participants
experienced different kinds of technical issues and found it difficult to
understand how the platform worked, how to control the avatar and
navigate the environment. In this regard, however, some participants
suggested that with more experience and training, the use of VR could
become more intuitive and engaging. This feedback indicates that
while initial adoption of VR platforms may be challenging, their rich,
interactive environment has the potential to become a valuable tool in
learning with increased familiarity. Research in the field of educational
technology adoption supports this idea (Grani¢, 2023). Over time, as
users become more familiar with a technology, their comfort level and
post-adoption self-efficacy increase and they tend to find it easier to
use (Di Natale, Bartolotta, et al., 2024; Li et al., 2023; Stoel & Hye
Lee, 2003).

Concerning students' emotions experienced during the lectures,
the results showed a significant difference in positive activity emo-
tions such as fun, awe and interest, with the VR platform outperform-
ing the VC platform. Conversely, and in line with these findings, the
VC platform elicited more boredom. These results were reflected in
student's reports in the in-depth interview. Students indeed reported
greater fun, awe and interest in the VR environment. These reflections
underscore that even in its desktop mode, the VR platform offers an
engaging and awe-inspiring experience. This aspect of VR technology
is particularly beneficial in educational contexts, where fostering posi-
tive emotion and interest is crucial. Such enhanced emotional engage-

ment in the VR setting has the potential to positively impact learning
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outcomes, especially in online learning scenarios where maintaining
student engagement and interest is often challenging (Aini
et al., 2020). This finding highlights the unique value of VR platforms
in enriching the emotional and experiential aspects of online
education.

One possible explanation for this phenomenon relates to the
gaming-like aspects of the VR environment. The immersive and inter-
active nature of VR technology closely resembles the engaging fea-
tures of video games, which might contribute to the higher levels of
fun, interest and awe reported by students when using the VR plat-
form for learning. The game-like environment provided by VR can
make learning experiences more dynamic and captivating. In video
games, the feeling of being part of a virtual world contribute to a com-
pelling experience. These aspects, when integrated into VR-based
educational platforms, can transform traditional learning activities into
more interactive and enjoyable experiences. During the in-depth
interview, this aspect was underlined (e.g., Group 4, Participant 8:
‘The video game format is quite engaging’). This is in line with previous
literature on Massive Multiplayer Online Role-Play Games, which
have shown be effective tools for learning, particularly in promoting
collaborative learning and engagement (De Freitas, 2006; de Freitas &
Griffiths, 2007, 2009; de-Marcos et al., 2016; Yue & Tze, 2015). These
tools have been found to enhance student interaction, improve con-
tent instruction and create a more dynamic learning environment
(Yue & Tze, 2015).

6.1 | Implications

This study contributes to the field by highlighting the impacts of VR
and VC platforms on online learning. It underscores the importance of
considering the psychological aspects of learning in desktop-based VR
environments, particularly how different technologies affect social
presence, emotional engagement and learning effectiveness.

For practitioners, this research offers guidance in developing
effective online learning experiences by selecting appropriate learning
platforms. VR's ability to stimulate interest and overall emotional
engagement makes it a powerful tool for subjects that might other-
wise be unengaging. However, its complexities necessitate careful
consideration and training of both students and teachers in order to
familiarize with this tool. These insights can guide educators in opti-

mizing online learning experiences using these technologies.

6.2 | Limitations and future directions
While our study offers essential insights, it is crucial to interpret find-
ings with certain limitations in mind.

First, we implemented a traditional lecture-style approach, with a
teacher talking with the support of slides or other materials. While
being the most diffused online form of learning, this modality might
not fully leverage the capabilities of VR social platforms. These plat-

forms, with their immersive and interactive nature, could potentially
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be more effective in group work settings, where collaboration is key.
Exploring different instructional strategies in VR, such as collaborative
projects or interactive discussions, might better reveal the strengths
of these innovative platforms in enhancing the online learning
experience.

Second, our participants were mainly new users of VR social plat-
forms. This novelty can foster enjoyment, curiosity and interest, con-
tributing to the positive emotional experiences reported by students.
However, the novelty of the VR experience might diminish over time
(Boot et al., 2008; Hanus & Fox, 2015; Luse et al, 2013; Tsay
et al., 2018). Initially, students might be highly engaged due to the
newness of the experience, but as the novelty fades, the engagement
levels might drop. Furthermore, the novelty effect can also present
challenges, especially for those approaching VR for the first time. Dif-
ficulty in using this technology, such as navigating a virtual environ-
ment or interacting with virtual objects, can cause frustration or
confusion in users. These obstacles can result in increased cognitive
load and a less positive learning experience. Future research should
take into account how the learning experience in VR may vary based
on students' familiarity with the technology. An early learning curve
can influence both the experience and the outcomes of using VR in
educational settings. The implementation of longitudinal studies to
observe how users adapt to and engage with VR social platforms over
time, could help identify long-term benefits and challenges. Recogniz-
ing and adjusting learning activities to account for these factors can
help maximize the benefits of VR while reducing potential difficulties
encountered by new users.

Third, in the present study we used desktop-based access to the VR
social platform. However, accessing the VR social platform via a desktop
may not provide an immersive enough experience to significantly
enhance the sense of social presence. The immersive mode, indeed, facil-
itates natural interactions through head movements and hand control-
lers. Therefore, future studies should explore how the learning through
VR social platforms can benefit from immersive features in VR (Al-Ansi
et al,, 2023), with a particular focus on how more intuitive and natural
VR interactions might favour students' online learning experience.

Furthermore, the fundamental differences between Microsoft
Teams and Spatial in terms of platforms' characteristics offered, raise
important considerations for internal validity. The distinct features of
each platform may independently influence the learning experience
and outcomes, making it challenging to isolate the effects of VR ver-
sus VC as broad categories. For instance, the immersive shared envi-
ronment in Spatial might enhance engagement, but this effect could
be attributed to the novelty of the virtual space rather than VR tech-
nology itself. Similarly, the familiar interface of Teams might facilitate
ease of use, potentially confounding measures of learning efficiency.
While comparing Microsoft Teams and Spatial provides valuable
insights into VC versus VR learning experiences, it is important to
acknowledge the limitations of this comparison. These platforms were
designed for different purposes—Teams for professional collaboration
and Spatial for immersive social interaction. This fundamental differ-
ence in design philosophy may influence user experience and learning

outcomes in ways that are not solely attributable to the VC/VR
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dichotomy. Future studies could benefit from comparing platforms
with more closely aligned design goals or by customizing existing plat-
forms to create more equivalent learning environments. To better
account for platform-specific variables in future studies, researchers
could, for example, implement a multi-platform approach, comparing
several VC and VR platforms to identify consistent trends across tech-
nologies, as well as conduct longitudinal studies to assess how famil-
iarity with each platform over time might influence learning outcomes,

controlling for the novelty effect of VR.

7 | CONCLUSION

In the rapidly evolving landscape of online education, our findings high-
light the potential of VR social platforms for online learning. While VC
platforms like Microsoft Teams provide a more intuitive experience, VR
platforms, even in desktop mode, potentially offer a more engaging and
emotionally rich environment. As educators continue to adapt and
innovate, the informed integration of these platforms, leveraging their

unique strengths, can enhance the quality of online education.

AUTHOR CONTRIBUTIONS

Anna Flavia Di Natale: Conceptualization; investigation; methodology;
visualization; software; formal analysis; project administration; data
curation; resources; writing - original draft. Claudia Repetto: Formal
analysis; supervision; methodology; writing - original draft. Daniela
Villani: Conceptualization; formal analysis; supervision; methodology;

writing - original draft.

ACKNOWLEDGMENT
Open access publishing facilitated by Universita Cattolica del Sacro
Cuore, as part of the Wiley - CRUI-CARE agreement.

FUNDING INFORMATION

No funds, grants, or other support was received.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ETHICS STATEMENT

All the studies presented in the paper have been approved by the
Local Ethical Committee of the Department of Psychology, Universita
Cattolica del Sacro Cuore, Milano. The procedures used in this study
adhere to the tenets of the Declaration of Helsinki.

ORCID

Anna Flavia Di Natale "2 https://orcid.org/0000-0003-2225-3159
https://orcid.org/0000-0001-8365-7697

https://orcid.org/0000-0002-2435-4036

Claudia Repetto
Daniela Villani

85U8017 SUOWWOD BA 81D 8|cedldde aup Aq peuenof a1e S jolie O ‘85N 4O Sajni 10} ArIgITBUIIUO A8|IA LD (SUORIPUD-PUR-SLLBY WD A3 | 1M ARe.q 1 U1 |UO//SANL) SUORIPUOD Pue SWiB | aU} 88S " [120Z/0T/9T] Uo Ariqiauliuo Ao|IM el ueiyooD A GL0ET BOI/TTTT 0T/I0p/woo 8| im Areiq jul|uo//Sdiy Woiy papeo|umod ‘0 ‘62.2S9ET


https://orcid.org/0000-0003-2225-3159
https://orcid.org/0000-0003-2225-3159
https://orcid.org/0000-0001-8365-7697
https://orcid.org/0000-0001-8365-7697
https://orcid.org/0000-0002-2435-4036
https://orcid.org/0000-0002-2435-4036

DI NATALE ET AL.

REFERENCES

Aini, Q., Budiarto, M., Putra, P. O. H., & Rahardja, U. (2020). Exploring
e-learning challenges during the global COVID-19 pandemic: A review.
Jurnal Sistem Informasi, 16(2), 57-65.

Al-Ansi, A. (2022). Investigating characteristics of learning environments
during the COVID-19 pandemic: A systematic review. Canadian Jour-
nal of Learning and Technology, 48(1), n1.

Al-Ansi, A., Jaboob, M., Garad, A.,, & Al-Ansi, A. (2023). Analyzing aug-
mented reality (AR) and virtual reality (VR) recent development in edu-
cation. Social Sciences & Humanities Open, 8(1), 100532.

Artino, A. R, Jr. (2012). Emotions in online learning environments: Intro-
duction to the special issue. The Internet and Higher Education, 15(3),
137-140.

Artino, A. R, Jr., & Jones, K. D., Il. (2012). Exploring the complex relations
between achievement emotions and self-regulated learning behaviors
in online learning. The Internet and Higher Education, 15(3), 170-175.

Ayache, J., Heym, N., Sumich, A., Rhodes, D., Connor, A. M., & Marks, S.
(2021). Feeling closer despite the distance: How to cultivate together-
ness within digital spaces. In Handbook of research on remote work and
worker well-being in the post-COVID-19 era (pp. 243-263). Business
Science Reference/IGI Global.

Bailenson, J. N., & Yee, N. (2006). A longitudinal study of task perfor-
mance, head movements, subjective report, simulator sickness, and
transformed social interaction in collaborative virtual environments.
Presence: Teleoperators and Virtual Environments, 15(6), 699-716.

Bailenson, J. N., Yee, N., Merget, D., & Schroeder, R. (2006). The effect of
behavioral realism and form realism of real-time avatar faces on verbal
disclosure, nonverbal disclosure, emotion recognition, and copresence
in dyadic interaction. Presence: Teleoperators and Virtual Environments,
15(4), 359-372.

Barreda-Angeles, M., Horneber, S., & Hartmann, T. (2023). Easily applica-
ble social virtual reality and social presence in online higher education
during the covid-19 pandemic: A qualitative study. Computers & Educa-
tion: X Reality, 2, 100024.

Barrett, A., Pack, A., Guo, Y., & Wang, N. (2020). Technology acceptance
model and multi-user virtual reality learning environments for Chinese
language education. Interactive Learning Environments, 31(3), 1-18.

Berweger, B., Born, S., & Dietrich, J. (2022). Expectancy-value appraisals
and achievement emotions in an online learning environment: Within-
and between-person relationships. Learning and Instruction, 77, 101546.

Biocca, F., Harms, C., & Burgoon, J. K. (2003). Toward a more robust the-
ory and measure of social presence: Review and suggested criteria.
Presence: Teleoperators & Virtual Environments, 12(5), 456-480.

Bonanomi, A., Facchin, F., Barello, S., & Villani, D. (2021). Prevalence and
health correlates of Onine fatigue: A cross-sectional study on the Ital-
ian academic community during the COVID-19 pandemic. PLoS One,
16(10), e0255181.

Boot, W. R., Kramer, A. F., Simons, D. J., Fabiani, M., & Gratton, G. (2008).
The effects of video game playing on attention, memory, and execu-
tive control. Acta Psychologica, 129(3), 387-398.

Bressler, D. M., & Bodzin, A. M. (2013). A mixed methods assessment of
students' flow experiences during a mobile augmented reality science
game. Journal of Computer Assisted Learning, 29(6), 505-517.

Brysbaert, M. (2019). How many participants do we have to include in
properly powered experiments? A tutorial of power analysis with ref-
erence tables. Journal of Cognition, 2(1), 16.

Castelli, F. R., & Sarvary, M. A. (2021). Why students do not turn on their
video cameras during online classes and an equitable and inclusive
plan to encourage them to do so. Ecology and Evolution, 11(8), 3565-
3576.

Chessa, M., & Solari, F. (2021). The sense of being there during online clas-
ses: Analysis of usability and presence in web-conferencing systems
and virtual reality social platforms. Behaviour & Information Technology,
40(12), 1237-1249.

Journal of Computer Assisted Learning_WI]_E\(J_17

Clark, R. C., & Mayer, R. E. (2023). E-learning and the science of instruction:
Proven guidelines for consumers and designers of multimedia learning.
john Wiley & sons.

Cleveland-Innes, M., & Campbell, P. (2012). Emotional presence, learning,
and the online learning environment. The International Review of
Research in Open and Distance Learning, 13(4), 269-292.

Daft, R. L, & Lengel, R. H. (1986). Organizational information require-
ments, media richness and structural design. Management Science,
32(5), 554-571.

Dai, Y. (2023). The Effects of Achievement Emotions and Cognitive
Appraisals on Self-Regulated Learning behaviors in Online Learning.
Journal of Education, Humanities and Social Sciences, 8, 1483-1489.

Daigle, D. T., & Stuvland, A. (2021). Teaching political science research
methods across delivery modalities: Comparing outcomes between
face-to-face and distance-hybrid courses. Journal of Political Science
Education, 17(sup1), 380-402.

Daly-Jones, O., Monk, A., & Watts, L. (1998). Some advantages of video
conferencing over high-quality audio conferencing: Fluency and
awareness of attentional focus. International Journal of Human-
Computer Studies, 49(1), 21-58.

Daniels, L. M., & Stupnisky, R. H. (2012). Not that different in theory: Dis-
cussing the control-value theory of emotions in online learning envi-
ronments. The Internet and Higher Education, 15(3), 222-226.

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user
acceptance of information technology. MIS Quarterly, 13(3), 319-340.
https://doi.org/10.2307/249008

de Freitas, S., & Griffiths, M. (2007). Online gaming as an educational tool
in learning and training. British Journal of Educational Technology, 38(3),
535-537.

de Freitas, S., & Griffiths, M. (2009). Massively multiplayer online role-play
games for learning. In Handbook of research on effective electronic gam-
ing in education (pp. 51-66). IGI Global.

de Freitas, S. I. (2006). Using games and simulations for supporting learn-
ing. Learning, Media and Technology, 31(4), 343-358.

De-Marcos, L., Garcia-Lopez, E., & Garcia-Cabot, A. (2016). On the effec-
tiveness of game-like and social approaches in learning: Comparing
educational gaming, gamification &  social networking.
Computers &Amp; Education, 95, 99-113.

Dennen, V. P., Aubteen Darabi, A., & Smith, L. J. (2007). Instructor-learner
interaction in online courses: The relative perceived importance of
particular instructor actions on performance and satisfaction. Distance
Education, 28(1), 65-79.

di Natale, A. F., Bartolotta, S., Gaggioli, A, Riva, G., & Villani, D. (2024). Explor-
ing students' acceptance and continuance intention in using immersive
virtual reality and metaverse integrated learning environments: The case
of an Italian university course. Education and Information Technologies, 29,
14749-14768. https://doi.org/10.1007/s10639-023-12436-7

di Natale, A. F., Repetto, C., Costantini, G., Riva, G., Bricolo, E., & Villani, D.
(2024). Learning in the metaverse: Are university students willing to
learn in immersive virtual reality? Cyberpsychology, Behavior, and Social
Networking, 27(1), 28-36.

di Natale, A. F., Simonetti, M. E., la Rocca, S., & Bricolo, E. (2023). Uncanny
valley effect: A qualitative synthesis of empirical research to assess
the suitability of using virtual faces in psychological research. Com-
puters in Human Behavior Reports, 10, 100288.

Déring, N., Moor, K. D., Fiedler, M., Schoenenberg, K., & Raake, A. (2022).
Videoconference fatigue: A conceptual analysis. International Journal
of Environmental Research and Public Health, 19(4), 2061.

Edwards, O. V. (2021). The impact of the social context on value and
expectancy beliefs in an online graduate program: The role of social
presence. Journal of Computer Assisted Learning, 37(2), 333-345.

Fauville, G., Luo, M., Queiroz, A. C., Bailenson, J. N., & Hancock, J. (2021).
Zoom exhaustion & fatigue scale. Computers in Human Behavior
Reports, 4, 100119.

85U8017 SUOWWOD BA 81D 8|cedldde aup Aq peuenof a1e S jolie O ‘85N 4O Sajni 10} ArIgITBUIIUO A8|IA LD (SUORIPUD-PUR-SLLBY WD A3 | 1M ARe.q 1 U1 |UO//SANL) SUORIPUOD Pue SWiB | aU} 88S " [120Z/0T/9T] Uo Ariqiauliuo Ao|IM el ueiyooD A GL0ET BOI/TTTT 0T/I0p/woo 8| im Areiq jul|uo//Sdiy Woiy papeo|umod ‘0 ‘62.2S9ET


https://doi.org/10.2307/249008
https://doi.org/10.1007/s10639-023-12436-7

| WILEYournal of Computer Assisted Learning

Ferrer, C. D. R., & Fujiwara, T. (2022). Work-in-progress—Avatar vs teams:
co-presence and visual behavior in a videoconference cooperative
task. In In 2022 8th international conference of the immersive learning
research network (iLRN) (pp. 1-3). IEEE.

Franceschi, K., Lee, R. M., Zanakis, S. H., & Hinds, D. (2009). Engaging
group e-learning in virtual worlds. Journal of Management Information
Systems, 26(1), 73-100.

Gail Jones, M., Nieuwsma, J., Rende, K. Carrier, S., Refvem, E.,
Delgado, C., Grifenhagen, J., & Huff, P. (2022). Leveraging the episte-
mic emotion of awe as a pedagogical tool to teach science. Interna-
tional Journal of Science Education, 44(16), 2485-2504.

Gao, F., Noh, J. J., & Koehler, M. J. (2009). Comparing role-playing activi-
ties in second life and face-to-face environments. Journal of Interactive
Learning Research, 20(4), 423-443.

Garrison, D. R., Anderson, T., & Archer, W. (1999). Critical inquiry in a
text-based environment: Computer conferencing in higher education.
The Internet and Higher Education, 2(2-3), 87-105.

Garrison, D. R., Anderson, T., & Archer, W. (2010). The first decade of the
community of inquiry framework: A retrospective. The Internet and
Higher Education, 13(1-2), 5-9.

Geana, M. V., Cernusca, D., & Liu, P. (2023). Beyond the dawn of virtua-
lized learning environments: A comparative study of video and aug-
mented reality information delivery on student engagement and
knowledge retention. Journal of Computer Assisted Learning, 40(2),
394-409.

Gomes de Siqueira, A., Feijoo-Garcia, P. G., Stuart, J., & Lok, B. (2021).
Toward facilitating team formation and communication through avatar
based interaction in desktop-based immersive virtual environments.
Frontiers in Virtual Reality, 2, 647801.

Granié¢, A. (2023). Technology acceptance and adoption in education. In
Handbook of open, distance and digital education (pp. 183-197).
Springer.

Green, P., & MacLeod, C. J. (2016). SIMR: An R package for power analysis
of generalized linear mixed models by simulation. Methods in Ecology
and Evolution, 7(4), 493-498.

Guichet, P. L., Huang, J., Zhan, C., Millet, A., Kulkarni, K., Chhor, C.,
Mercado, C., & Fefferman, N. (2022). Incorporation of a social virtual
reality platform into the residency recruitment season. Academic Radi-
ology, 29(6), 935-942.

Guo, P., Saab, N., Wu, L., & Admiraal, W. (2021). The Community of Inquiry
perspective on students' social presence, cognitive presence, and aca-
demic performance in online project-based learning. Journal of Com-
puter Assisted Learning, 37(5), 1479-1493.

Han, E., Miller, M. R,, DeVeaux, C., Jun, H., Nowak, K. L., Hancock, J. T., &
Bailenson, J. N. (2023). People, places, and time: A large-scale, longitu-
dinal study of transformed avatars and environmental context in group
interaction in the metaverse. Journal of computer-mediated. Communi-
cation, 28(2), zmac031.

Han, E., Miller, M. R, Ram, N., Nowak, K. L., & Bailenson, J. N. (2022).
Understanding group behavior in virtual reality: A large-scale, longitu-
dinal study in the metaverse. In 72nd annual international communica-
tion association conference, Paris. France.

Hanus, M. D., & Fox, J. (2015). Assessing the effects of gamification in the
classroom: A longitudinal study on intrinsic motivation, social compari-
son, satisfaction, effort, and academic performance. Computers & Edu-
cation, 80, 152-161.

Hidi, S., & Renninger, K. A. (2006). The four-phase model of interest devel-
opment. Educational Psychologist, 41(2), 111-127.

Higgins, D., Fribourg, R., & McDonnell, R. (2021). Remotely perceived:
Investigating the influence of valence on self-perception and social
experience for dyadic video-conferencing with personalized avatars.
Frontiers in Virtual Reality, 2, 668499.

Holt, E. A., Heim, A. B., Tessens, E., & Walker, R. (2020). Thanks for inviting
me to the party: Virtual poster sessions as a way to connect in a time
of disconnection. Ecology and Evolution, 10(22), 12423-12430.

DI NATALE ET AL.

Hostetter, C. (2013). Community matters: Social presence and learning
outcomes. Journal of the Scholarship of Teaching and Learning, 13(1),
77-86.

Huang, H.-M., & Liaw, S.-S. (2018). An analysis of learners' intentions
toward virtual reality learning based on constructivist and technology
acceptance approaches. The International Review of Research in Open
and Distance Learning, 19(1), 90-115.

Inman, C., Wright, V. H., & Hartman, J. A. (2010). Use of second life in
K-12 and higher education: A review of research. Journal of Interactive
Online Learning, 9(1), 44-63.

Jeong, J., Chen, Q., Kim, N., & Lee, H. (2022). Virtual reality collaborative
platform for e-learning: Analysis of student engagement and percep-
tions. In Proceedings of the 27th CAADRIA conference (Vol. 1, pp. 19-28).
Association for Computer-Aided Architectural Design Research in Asia
(CAADRIA).

Joksimovi¢, S., Gasevi¢, D., Kovanovié, V., Riecke, B. E., & Hatala, M.
(2015). Social presence in online discussions as a process predictor of
academic performance. Journal of Computer Assisted Learning, 31(6),
638-654.

Kang, S. H., & Watt, J. H. (2013). The impact of avatar realism and ano-
nymity on effective communication via mobile devices. Computers in
Human Behavior, 29(3), 1169-1181.

Klingenberg, S., Jargensen, M. L., Dandanell, G., Skriver, K., Mottelson, A.,
& Makransky, G. (2020). Investigating the effect of teaching as a gen-
erative learning strategy when learning through desktop and immer-
sive VR: A media and methods experiment. British Journal of
Educational Technology, 51(6), 2115-2138.

Lee, E. A-L., Wong, K. W., & Fung, C. C. (2010). How does desktop virtual
reality enhance learning outcomes? A structural equation modeling
approach. Computers & Education, 55(4), 1424-1442.

Lehmann, E. L. (1975). Statistical methods based on ranks. Nonparametrics.

Li, Z,, Lou, X,, Chen, M, Li, S., Lv, C,, Song, S., & Li, L. (2023). Students'
online learning adaptability and their continuous usage intention
across different disciplines. Humanities and Social Sciences Communica-
tions, 10(1), 1-10.

Luo, Y., & Du, H. (2022). Learning with desktop virtual reality: Changes and
interrelationship of self-efficacy, goal orientation, technology accep-
tance and learning behavior. Smart Learning Environments, 9(1), 1-22.

Luo, Z., Dang, Y., & Xu, W. (2019). Academic interest scale for adolescents:
Development, validation, and measurement invariance with Chinese
students. Frontiers in Psychology, 10, 2301.

Luse, A., Mennecke, B., & Triplett, J. (2013). The changing nature of user
attitudes toward virtual world technology: A longitudinal study. Com-
puters in Human Behavior, 29(3), 1122-1132.

Ma, M., Oikonomou, A. & Zheng, H. (2009). Second Life as a Learning and
Teaching Environment for Digital Games Education. In Proceedings of
the 12th Annual International Workshop on Presence (PRESENCE 2009).
International Society for Presence Research.

Makransky, G., Andreasen, N. K., Baceviciute, S., & Mayer, R. E. (2021).
Immersive virtual reality increases liking but not learning with a science
simulation and generative learning strategies promote learning in
immersive virtual reality. Journal of Educational Psychology, 113(4), 719.

Makransky, G., & Lilleholt, L. (2018). A structural equation modeling investi-
gation of the emotional value of immersive virtual reality in education.
Educational Technology Research and Development, 66(5), 1141-1164.

Makransky, G, Lilleholt, L., & Aaby, A. (2017). Development and validation
of the multimodal presence scale for virtual reality environments: A
confirmatory factor analysis and item response theory approach. Com-
puters in Human Behavior, 72, 276-285.

Makransky, G., & Petersen, G. B. (2019). Investigating the process of learn-
ing with desktop virtual reality: A structural equation modeling
approach. Computers & Education, 134, 15-30.

Mansour, S., Bennett, L., & Rude-Parkins, C. (2009). How the use of Sec-
ond Life affects e-learners' perceptions of social interaction in online
courses. Systemics, Cybernetics and Informatics, 7(2), 1-6.

85U8017 SUOWWOD BA 81D 8|cedldde aup Aq peuenof a1e S jolie O ‘85N 4O Sajni 10} ArIgITBUIIUO A8|IA LD (SUORIPUD-PUR-SLLBY WD A3 | 1M ARe.q 1 U1 |UO//SANL) SUORIPUOD Pue SWiB | aU} 88S " [120Z/0T/9T] Uo Ariqiauliuo Ao|IM el ueiyooD A GL0ET BOI/TTTT 0T/I0p/woo 8| im Areiq jul|uo//Sdiy Woiy papeo|umod ‘0 ‘62.2S9ET



DI NATALE ET AL.

Mansour, S., El-Said, M., & Bennett, L. (2010). Does the use of Second Life
affect students' feeling of social presence in e-learning. 8th Education
and Information Systems, Technologies and Applications: EISTA.

Marchand, G. C., & Gutierrez, A. P. (2012). The role of emotion in the
learning process: Comparisons between online and face-to-face learn-
ing settings. The Internet and Higher Education, 15(3), 150-160.

McVeigh-Schultz, J., & Isbister, K. (2021). Social VR: A new medium for
remote communication and collaboration. Foundations and Trends® in
Human-Computer Interaction, 14(3-4), 198-299.

Merchant, Z., Goetz, E. T. Cifuentes, L., Keeney-Kennicutt, W. &
Davis, T. J. (2014). Effectiveness of virtual reality-based instruction on
students' learning outcomes in K-12 and higher education: A meta-
analysis. Computers & Education, 70, 29-40.

Molinillo, S., Aguilar-lllescas, R., Anaya-Sanchez, R., & Vallespin-Aran, M.
(2018). Exploring the impacts of interactions, social presence and emo-
tional engagement on active collaborative learning in a social web-
based environment. Computers & Education, 123, 41-52.

Murphy, L., Eduljee, N. B., & Croteau, K. (2020). College student transition
to synchronous virtual classes during the COVID-19 pandemic in
northeastern United States. Pedagogical Research, 5(4), em0078.

Nowak, K., Tankelevitch, L., Tang, J., & Rintel, S. (2023). Hear we are:
Spatial audio benefits perceptions of turn-taking and social presence
in video meetings. In Proceedings of the 2nd annual meeting of the sym-
posium on human-computer interaction for work (pp. 1-10). ACM Digital
Library.

Panda, P., Nicholas, M. J., Gonzalez-Franco, M., Inkpen, K., Ofek, E.,
Cutler, R, ... & Lanier, J. (2022). Alltogether: Effect of avatars in
mixed-modality conferencing environments. In Proceedings of the 1st
Annual Meeting of the Symposium on Human-Computer Interaction for
Work (pp. 1-10).

Pekrun, R. (2006). The control-value theory of achievement emotions:
Assumptions, corollaries, and implications for educational research and
practice. Educational Psychology Review, 18, 315-341.

Pekrun, R. (2016). Using self-report to assess emotions in education. In:
Zembylas, M., Schutz, P. (Eds.), Methodological advances in research on
emotion and education. Springer.

Pekrun, R., Goetz, T., Titz, W., & Perry, R. P. (2002). Academic emotions in
students' self-regulated learning and achievement: A program of qualita-
tive and quantitative research. Educational Psychologist, 37(2), 91-105.

Pellas, N. (2014). The influence of computer self-efficacy, metacognitive
self-regulation and self-esteem on student engagement in online
learning programs: Evidence from the virtual world of second life.
Computers in Human Behavior, 35, 157-170.

Pentaraki, A., & Burkholder, G. J. (2017). Emerging evidence regarding the
roles of emotional, behavioural, and cognitive aspects of student
engagement in the online classroom. European Journal of Open, Dis-
tance and E-Learning, 20(1), 1-21.

Petchamé, J., Iriondo, I., & Azanza, G. (2022). “Seeing and being seen” or
just “seeing” in a smart classroom context when videoconferencing: a
user experience-based qualitative research on the use of cameras.
International Journal of Environmental Research and Public Health, 19
(15), 9615.

Peters, G.-J. Y. (2014). The alpha and the omega of scale reliability and
validity: Why and how to abandon Cronbacha€™ s alpha and the route
towards more comprehensive assessment of scale quality. European
Health Psychologist, 16(2), 56-69.

Petillion, R. J., & McNeil, W. S. (2020). Student experiences of emergency
remote teaching: Impacts of instructor practice on student learning,
engagement, and well-being. Journal of Chemical Education, 97(9),
2486-2493.

Reinsmith-Jones, K., Kibbe, S., Crayton, T., & Campbell, E. (2015). Use of
second life in social work education: Virtual world experiences and their
effect on students. Journal of Social Work Education, 51(1), 90-108.

Journal of Computer Assisted Learning_WI]_E\(J_19

Richardson, J. C. (2001). Examining social presence in online courses in rela-
tion to students' perceived learning and satisfaction. State University of
New York at Albany.

Richardson, J. C., Maeda, Y., Lv, J., & Caskurlu, S. (2017). Social presence in
relation to students' satisfaction and learning in the online environ-
ment: A meta-analysis. Computers in Human Behavior, 71, 402-417.

Sandanayake, T. C., & Madurapperuma, A. P. (2013). Computational
model for affective e-Learning: Developing a model for recognising
E-Learner's emotions. In 2013 IEEE International Conference in
MOOC, Innovation and Technology in Education (MITE) (pp. 174-179).
IEEE.

Sawada, S., Kim, S., Hirokawa, M., & Suzuki, K. (2021). Effect of using
embodied avatars on turn-taking during conversational activities in a
social VR space. In In 2021 IEEE international conference on engineering,
Technology & Education (TALE) (pp. 934-937). IEEE.

Schiefele, U. (2009). Situational and individual interest. In Handbook of
motivation at school (pp. 197-222). Routledge.

Schiefele, U., Krapp, A., & Winteler, A. (1992). Interest as a predictor of
academic achievement: A meta-analysis of research. In K. A. Rennin-
ger, S. Hidi, & A. Krapp (Eds.), The role of interest in learning and devel-
opment (pp. 183-212). Lawrence Erlbaum Associates, Inc.

Sederevititte-Patiauskiene, Z., Valantinaite, I., & Asakaviciate, V. (2022).
‘Should | turn on my video camera?’The students' perceptions of the
use of video cameras in synchronous distant learning. Electronics,
11(5), 813.

Short, J., Williams, E., & Christie, B. (1976). The social psychology of tele-
communications (Vol. 19). Wiley.

Sriworapong, S., Pyae, A., Thirasawasd, A., & Keereewan, W. (2022). Inves-
tigating students' engagement, enjoyment, and sociability in virtual
reality-based systems: A comparative usability study of spatial. In lo,
gather. Town, and zoom. In international conference on well-being in the
information society (pp. 140-157). Springer International Publishing.

Steinicke, F., Lehmann-Willenbrock, N., & Meinecke, A. L. (2020). A first
pilot study to compare virtual group meetings using video conferences
and (immersive) virtual reality. In Proceedings of the 2020 ACM sympo-
sium on spatial user interaction (pp. 1-2). ACM Digital Library.

Stephan, M., Markus, S., & Glaser-Zikuda, M. (2019). Students' achieve-
ment emotions and online learning in teacher education. In Frontiers in
education (Vol. 4, p. 109). Frontiers Media SA.

Stevanovi¢, A., Bozi¢, R., & Radovi¢, S. (2021). Higher education students'
experiences and opinion about distance learning during the Covid-19
pandemic. Journal of Computer Assisted Learning, 37(6), 1682-1693.

Stoel, L., & Hye Lee, K. (2003). Modeling the effect of experience on stu-
dent acceptance of web-based courseware. Internet Research, 13(5),
364-374.

Sutcliffe, A., & Alrayes, A. (2012). Investigating user experience in second
life for collaborative learning. International Journal of Human-Computer
Studies, 70(7), 508-525.

Szeto, E., & Cheng, A. Y. (2016). Towards a framework of interactions in a
blended synchronous learning environment: What effects are there on
students' social presence experience? Interactive Learning Environ-
ments, 24(3), 487-503.

Tsay, C. H.-H., Kofinas, A., & Luo, J. (2018). Enhancing student learning
experience with technology-mediated gamification: An empirical
study. Computers & Education, 121, 1-17.

Turk, M., Heddy, B. C., & Danielson, R. W. (2022). Teaching and social
presences supporting basic needs satisfaction in online learning envi-
ronments: How can presences and basic needs happily meet online?
Computers & Education, 180, 104432.

Unger, S., & Meiran, W. R. (2020). Student attitudes towards online educa-
tion during the COVID-19 viral outbreak of 2020: Distance learning in
a time of social distance. International Journal of Technology in Educa-
tion and Science, 4(4), 256-266.

85U8017 SUOWWOD BA 81D 8|cedldde aup Aq peuenof a1e S jolie O ‘85N 4O Sajni 10} ArIgITBUIIUO A8|IA LD (SUORIPUD-PUR-SLLBY WD A3 | 1M ARe.q 1 U1 |UO//SANL) SUORIPUOD Pue SWiB | aU} 88S " [120Z/0T/9T] Uo Ariqiauliuo Ao|IM el ueiyooD A GL0ET BOI/TTTT 0T/I0p/woo 8| im Areiq jul|uo//Sdiy Woiy papeo|umod ‘0 ‘62.2S9ET



2 | WiLEYournal of Computer Assisted Learning

van Brakel, V., Barreda-AngeIes, M., & Hartmann, T. (2023). Feelings of
presence and perceived social support in social virtual reality plat-
forms. Computers in Human Behavior, 139, 107523.

Vo, P. (2021). Achievement emotions and barriers to online learning of uni-
versity students during the COVID-19. Time, 621, 109-120.

Warburton, S. (2009). Second life in higher education: Assessing the
potential for and the barriers to deploying virtual worlds in learning
and teaching. British Journal of Educational Technology, 40(3), 414-426.

Wei, C.-W., Chen, N.-S., & Kinshuk. (2012). A model for social presence in
online classrooms. Educational Technology Research and Development,
60, 529-545.

Weidlich, J., & Bastiaens, T. J. (2017). Explaining social presence and the
quality of online learning with the SIPS model. Computers in Human
Behavior, 72, 479-487.

Weidlich, J., & Bastiaens, T. J. (2019). Designing sociable online learning
environments and enhancing social presence: An affordance enrich-
ment approach. Computers & Education, 142, 103622.

Weidlich, J., Yau, J., & Kreijns, K. (2023). Social presence and psychological
distance: A construal level account for online distance learning. Educa-
tion and Information Technologies, 29(1), 401-423.

Westphale, S., Backhaus, J., & Koenig, S. (2022). Quantifying teaching
quality in medical education: The impact of learning gain calculation.
Medical Education, 56(3), 312-320.

Whiteside, A. L., Dikkers, A. G., & Swan, K. (2023). Social presence in online
learning: Multiple perspectives on practice and research. Taylor & Francis.

Wu, R, & Yu, Z. (2022). Exploring the effects of achievement emotions on
online learning outcomes: A systematic review. Frontiers in Psychology,
13,977931.

DI NATALE ET AL.

Yildiz Durak, H. (2018). Digital story design activities used for teaching
programming effect on learning of programming concepts, program-
ming self-efficacy, and participation and analysis of student experi-
ences. Journal of Computer Assisted Learning, 34(6), 740-752.

Yoshimura, A., & Borst, C. W. (2021). A study of class meetings in VR: Stu-
dent experiences of attending lectures and of giving a project presen-
tation. Frontiers in Virtual Reality, 2, 648619.

Yue, W. S., & Tze, H. Y. (2015). Effectiveness of MMORPGS in enhancing
student interaction. In 2015 IEEE 15th international conference on
advanced learning technologies (pp. 152-154). IEEE.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Di Natale, A. F., Repetto, C., & Villani,
D. (2024). Desktop-based virtual reality social platforms
versus video conferencing platforms for online synchronous
learning in higher education: An experimental study to
evaluate students' learning gains and user experience. Journal
of Computer Assisted Learning, 1-20. https://doi.org/10.1111/
jcal.13075

85U8017 SUOWWOD BA 81D 8|cedldde aup Aq peuenof a1e S jolie O ‘85N 4O Sajni 10} ArIgITBUIIUO A8|IA LD (SUORIPUD-PUR-SLLBY WD A3 | 1M ARe.q 1 U1 |UO//SANL) SUORIPUOD Pue SWiB | aU} 88S " [120Z/0T/9T] Uo Ariqiauliuo Ao|IM el ueiyooD A GL0ET BOI/TTTT 0T/I0p/woo 8| im Areiq jul|uo//Sdiy Woiy papeo|umod ‘0 ‘62.2S9ET


https://doi.org/10.1111/jcal.13075
https://doi.org/10.1111/jcal.13075

	Desktop‐based virtual reality social platforms versus video conferencing platforms for online synchronous learning in highe...
	Abstract
	1  |  INTRODUCTION
	2  |  CONCEPTUAL FRAMEWORK
	2.1  |  Social presence in online synchronous learning
	2.2  |  Emotions in online synchronous learning
	2.3  |  The opportunities and challenges of desktop‐based VR social platforms in online synchronous learning

	3  |  PRESENT STUDY
	3.1  |  Research questions

	4  |  MATERIALS AND METHODS
	4.1  |  Research design
	4.2  |  Participants
	4.3  |  Platforms
	4.4  |  Lecture and modules
	4.5  |  Measures
	4.5.1  |  Individual interest in the topic
	4.5.2  |  Social presence
	4.5.3  |  Activity emotions
	4.5.4  |  Perceived ease of use
	4.5.5  |  Knowledge acquisition and retention
	4.5.6  |  In‐depth interview

	4.6  |  Procedure
	4.7  |  Statistical analysis

	5  |  RESULTS
	5.1  |  Knowledge acquisition
	5.2  |  Knowledge retention
	5.3  |  Students' experience
	5.3.1  |  Social presence
	5.3.2  |  Perceived ease of use
	5.3.3  |  Emotional experience
	5.3.4  |  Learners' insights and experiences of the platforms


	6  |  DISCUSSION
	6.1  |  Implications
	6.2  |  Limitations and future directions

	7  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


