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ABSTRACT
Massive Open Online Courses are a dominant force in remote-learning yet suffer
from persisting problems stemming from lack of commitment and low completion
rates. In this initial study we investigate how the use of immersive virtual
environments for Power-Point based informational learning may benefit learners
and mimic traditional lectures successfully. We examine the role of embodied
agent tutors which are frequently implemented within virtual learning environments.
We find similar performance on a bespoke knowledge test and metrics for
motivation, satisfaction, and engagement by learners in both real and virtual
environments, regardless of embodied agent tutor presence. Our results raise
questions regarding the viability of using virtual environments for remote-learning
paradigms, and we emphasise the need for further investigation to inform the design
of effective remote-learning applications.

Subjects Human-Computer Interaction, Computer Education
Keywords Virtual reality, Distance learning, MOOC, Classroom, Immersive virtual environments,
E-learning, Education

INTRODUCTION
Technological advancements have played a vital role in accommodating vast numbers of
students through the growth of distance learning applications and e-learning platforms
(Kaplan & Haenlein, 2016; Kauffman, 2015). The predominant form of distance learning
applications are Massive Open Online Courses (MOOCs). MOOCs offer access to teaching
and material on a large scale via internet-based virtual learning environments for a
limitless number of participants, making education more accessible (Freitas & Paredes,
2018). Modern MOOCs involve a video captured recording of a human lecturer who
delivers the learning content, facilitating the completion of homework or exams, and
discussion via forums (Feng et al., 2015). However, despite the potential of MOOCs to
deliver teaching materials and content at a global scale, existing platforms suffer from
issues with drop-out and learner motivation (Yang et al., 2013). In parallel to e-learning
platforms gaining popularity (Sneddon et al., 2018), VR technology has increasingly been
adopted in the classroom as a teaching aid for ‘hands-on’ skills-based teaching partly
due to reductions in cost. For example in medicine, digital models are much cheaper
compared to physical anatomical models for training students (Rajeswaran et al., 2018).
Using digital models in a virtual reality scenario is a cost-effective way to educate students
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on a large scale and as a result there is growing excitement regarding the potential of VR to
revolutionise education and e-learning (Greenwald et al., 2017).

While VR is regarded as beneficial to students as a practical teaching aid, its application
to formal, lecture style teaching—which e-learning platforms tend to deliver—is less
common (Korallo, 2010). The use of Immersive Virtual Environments (IVEs) for corporate
and higher-education purposes have only recently begun to emerge. Due to such
applications being in their infancy there is very little empirical evaluation of their efficacy
or research available to inform their design. A key component of many IVEs is the
presence of an Embodied Agent (EA) which, in the context of learning, may serve as a
virtual guide or tutor. The use of EAs as virtual tutors within educational IVEs is critical for
effective pedagogy (Soliman & Guetl, 2010). Previous research suggests that the
representation of artificial agents affects learners’ motivation (Maldonado & Nass, 2007).
For example an EA may be customised by the learner to suit their preference—such
customisation has been shown to improve performance for some cognitive tasks (Lin et al.,
2017). In another study that tested male vs. female pedagogical agents, the female seemed
to be preferred overall (Novick et al., 2019). A recent systematic review of pedagogical
agents noted that positive results have been found in numerous studies, yet different
combinations of features and different outcome variables have not been systematically
studied to clarify which features work best or when (Martha & Santoso, 2019). However,
it is unclear how the presence of an EA and learner motivation interact. A clear and robust
analysis of these factors and their impact on the learning experience is critical for
future application of IVEs as engaging platforms for distance learning.

Furthermore, the recent novel SARS-COV-2 (COVID-19) pandemic has had huge
repercussions for higher education across the world. As millions of people were restricted
to not leaving their homes for extended periods of time, many institutions also shifted
to remote delivery of learning material for the academic year 2020/21. Although this
presents challenges around blended learning and flipped classroom design, our focus
remains on technology and how it may act as a medium for learning material delivery as
opposed to what content such material should contain.

Our main contribution in this work is an empirical investigation into factors which
impact the overall student experience when learning in IVEs. Specifically we report how
the presence of an embodied teacher and students’ sense of presence in the environment
impact learning retention, satisfaction and engagement, and student motivation to
engage with learning material presented in an IVE. Our results demonstrate how learning
in IVEs is comparable to real classroom learning, yet can scale far beyond the limits of
traditional classrooms with constraints such as staff-student ratio and classroom size.
Finally, we emphasise implications for future work in designing and assessing IVEs for
remote learning purposes.

Background
As distance learning continues to expand, catering for larger numbers of students across
the globe, current solutions provide inefficient delivery systems which are not immersive,
engaging, or motivating to the learner—often resulting in poor rates of completion
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(Wise et al., 2004; Yang et al., 2013; Chen, 2018). For example an investigation into the
use of ‘Accountable Talk: Conversation that Works’, a MOOC provided by the University
of Pittsburgh, revealed that despite in excess of 60,000 students registering for the
programme less than half continued to access the course material through to completion
(Rosé et al., 2014). Attrition rates of learners in MOOCs is much higher than that in
formal education (Clow, 2013; Joo, So & Kim, 2018). Users also report that they do not
perceive MOOCs as equivalent to traditional education, and their engagement with them is
less serious (Nemer & O’Neill, 2019). As a result, MOOCs are unable to deliver educational
experiences with the same rigour as formal educational institutions. While MOOCs
have several short-comings, the ability to study without being physically located in a
certain space has many advantages to both students unable to attend and universities who
are coping with growing numbers of students. Therefore, finding ways to improve the
experience of distance learning and encouraging greater levels of engagement with online
courses is of great public interest and their efficacy in education is of equal pedagogic
interest.

Bringing learners into IVEs may overcome engagement issues experienced in MOOCs.
Students prefer to engage in traditional lectures over online courses because they lack
self-discipline and they can become too easily distracted during online learning (Crook &
Schofield, 2017). Applying immersive VR to education may engage students better than
MOOCs, removing distractions outside of the learning environment, mimicking the
experience of traditional learning experiences (Lessick & Kraft, 2017; Pirker et al., 2018).
Existing examples of educational applications of VR have focused on non immersive
desktop-VR and have shown that simulating learning environments is highly effective.
For example desktop-VR has been successfully used for social cognition training in
children with Autism Spectrum Disorders and for assessing procedural skills such as
dissecting frogs in a laboratory study (Didehbani et al., 2016; Merchant et al., 2014). IVE
based learning environments have shown that learning using VR results in better retention
and improves learners’ performance by up to a grade compared to simply watching a
lecture or reading (Sitzmann, 2011; Graesser et al., 2005).

While educational applications of desktop-VR have merit, research suggests IVEs lead
to better results as interaction with the environment is more intuitive, therefore users
spend less time learning how to use the computer interface and can focus their full
attention on the task (Psotka, 1995). To date, IVEs have been predominantly applied to
procedural and skills-based education, successfully enhancing learning outcomes.
For example the performance of a group of material science students on a series of
questions about crystal structures improved when they were presented with virtual 3D
diagrams of crystal structures via a head-mounted display (HMD), compared to using 2D
diagrams (Caro et al., 2018). The ability to manipulate and rotate the crystals in the IVE
helped students understand the relationships between atoms and perform better in
assessment tasks than those who studied the textbook diagrams. Additionally, students
reported that the IVE was easy to use and preferable over the 2D format. IVEs are also
commonly used successfully to train complex psychomotor skills required by medical
students. For example AirwayVR provides a safe, immersive environment to practice
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endotracheal intubation procedures, leading to clear improvements in students’
self-reported understanding of the procedure compared to their knowledge prior to
using the application (Rajeswaran et al., 2018).

Recent research suggests applying IVEs to lecture-styled learning may provide distance
learners with enriched learning experiences that are more immersive, enjoyable, and
realistic (Chen, 2018). Preliminary research has shown the value in using IVEs to replicate
classroom learning, finding that students perform better on a quiz about the topic after
watching a virtual lecture compared to watching a video recording of a lecture, as is
typically done in MOOCs (Tsaramirsis et al., 2016). Additionally, all learners reported that
they preferred the IVE as it was more enjoyable, reinforcing the idea that IVEs are likely
to successfully engage a larger number of distance learners than MOOC platforms.
However, while educational applications of IVEs for distance learning in both higher
education and corporate level training have begun to emerge, these applications are in
their infancy. Recent work has explored the use of modern game development engines
and HMD based environments for creating virtual lecture theatres and classrooms
(Misbhauddin, 2018), but has not explored how effective these environments are at
improving learner performance, motivation, and satisfaction & engagement. As such, to
the best of our knowledge there are currently no published findings regarding their
effectiveness, resulting in very little robust evidence to inform how the design of an IVE
impacts learning outcomes (Moro, Stromberga & Stirling, 2017).

When designing IVEs, one does not consider just the aesthetic, but also the presence of
other agents inside the environment. Within IVEs, embodied agents (EAs) are frequently
used as pedagogical agents for virtual tutoring. For example STEVE is a human-like
EA used to teach engineers how to use complex machinery onboard ships (Johnson &
Rickel, 1997). In addition to humanoid EAs there are non-human examples such as
Herman the bug—a non-humanoid EA implemented in Design-A-Plant, a virtual
environment used to teach children about plant biology and the environment (Lester,
Stone & Stelling, 1999). The appearance and behaviour of EA tutors influences learners’
feelings of co-presence (Baylor, 2011; Baylor & Kim, 2009)—the perception that one is not
alone but in the presence of others (Heeter, 1992; Short, Williams & Christie, 1976).
Co-presence increases when an EA tutor has appearance and behavioural realism—a key
point being that there is no mismatch between appearance and behavioural realism, as
this results in very low levels of perceived co-presence (Bailenson et al., 2005).

Increasing a learner’s perceived co-presence increases learner satisfaction and
motivation to engage with material. For example it has been shown that learners
spend approximately 25% more time learning and report that the learning experience is
more enjoyable when an EA is present (Sträfling et al., 2010). A limitation of current
distance learning platforms, such as MOOCs, is that learners must try to maintain
enthusiasm and motivation to complete the course in the absence of an educator
(Hasegawa, Uğurlu & Sakuta, 2014). Implementing an appropriate EA which represents a
lecturer within an IVE may maintain learner interest and motivation, positively impacting
learning outcomes. The appearance of the virtual tutor impacts a learner’s perception
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of the tutor’s abilities. For example human-like agents are perceived as more intelligent and
helpful compared to non-human agents (King & Ohya, 1996; Lester & Stone, 1997),
while familiar agents are rated more positively than unfamiliar agents (Bailenson et al.,
2005). Previous research has demonstrated that virtual tutor realism influences learners’
reported likability and motivation (Maldonado & Nass, 2007), in turn influencing
performance. Thus, we expect that a realistic EA tutor which is familiar to the learner
will be more likeable, improving the learning experience and motivation to learn
(Maldonado & Nass, 2007; Scaife & Rogers, 2001).

While some evidence suggests that EAs play a substantial role in the learning
experience, increasing learning efficiency and retention (Roussou, Oliver & Slater, 2006),
others have found minimal-to-no effect of EAs on learning outcomes. For example in one
study EAs were found to have no influence and prior knowledge was identified as the
greatest contributing factor to learner performance (Sträfling et al., 2010). Therefore, to
clearly establish the utility of EAs within IVEs researchers should aim to control this
potentially extraneous variable to prevent participants’ prior knowledge of the topic
concealing any effects of the EA.

Overall, IVEs for educational purposes have the potential to mimic traditional learning
experiences greater than MOOCs. By utilising IVEs to develop more engaging distance
learning experiences, universities and corporate training bodies may cater for increasing
student numbers. However, a major barrier to implementing IVEs compared to
MOOCs is the higher relative cost of the equipment required. Therefore, it is essential
that interdisciplinary research is conducted to establish whether IVEs, which can be run
on low powered hardware such as smartphones, are able to provide a method of engaging
more students, provide remote-learners with an experience which is more equivalent to
formal education, and make a worthwhile contribution to higher education institutions
looking to provide effective distance learning.

User study
Our study focuses on the educational applications of IVEs, specifically investigating the
effectiveness of learning novel information in an IVE compared to a physical classroom,
and the role of EAs as tutors within the IVEs. We devised the following hypotheses:

H1: Participants who learn inside an IVE will learn more effectively and outperform
participants who learn in a physical classroom since prior research has shown
that virtual learning environments result in better retention and improves
performance (Sitzmann, 2011; Graesser et al., 2005).

H2: Participants who learn in the presence of an EA tutor will outperform participants
who learn without one because the presence of a virtual tutor influences motivation
which may in turn influence performance (Sträfling et al., 2010).

H3: The presence of a humanoid EA tutor will be more likable and increase motivation
in learners compared to an abstract EA tutor because more familiar and realistic
tutors are more likeable and motivating (Bailenson et al., 2005;Maldonado & Nass,
2007).
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MATERIALS AND METHODS
A between-participant design was used, whereby participants were randomly assigned
to one of the four learning conditions. The independent variable was the learning
environment (IVE with no tutor, IVE with a humanoid tutor, IVE with an abstract
tutor, Non-virtual learning environment). The dependent variables were performance
(test score), and reported motivation, satisfaction, and engagement (questionnaire).
The experiment lasted approximately 45∼60 min.

Design and apparatus
Opportunity sampling was used to recruit participants from a local university. The target
sample size for this initial study was 48 participants, split equally between the four
learning conditions, based on the results of an a-priori power analysis, conducted using
G*Power 3 (Faul et al., 2007), revealing a one-way ANOVA with 12 participants per group
would provide 80% power to detect an effect size of 0.5 at a significance level of 0.05.
Note that we instead used a more conservative Kruskal–Wallis test rather than the
ANOVA to evaluate the results; prior work has shown that Kruskal–Wallis has greater
statistical power than ANOVA under these conditions, so the analyses presented were
indeed sufficiently powered (Hecke, 2012). In total, 48 participants were recruited
(24 M, 24 F), aged 18 and over (M = 20.8 years, SD = 3.3 years). All participants were
students from a variety of disciplines who reported normal or corrected to normal vision
and hearing. Participants were incentivized through course credit (n = 8), £5 reward
(n = 22), or simply volunteered to participate (n = 18). Statistical tests confirmed that there
was no significant effect of the type of incentive received on participant performance
(See Supplemental Material).

A machine running Windows 10 with a single Nvidia 970 GPU was adequate to drive
the virtual environment since it is without cutting-edge graphics. To display the virtual
environment, we used the HTC Vive HMD. This HMD covers a 110 degrees field of view,
with two 1,080 × 1,200 pixel screens to render stereoscopic graphics to the viewer.
Head position and orientation were tracked using the hardware base stations packaged
with the HMD. However, the environment can also be demoed as a mobile application and
we expect that in a larger cohort the set up could be easily scaled up using more
consumer-friendly devices such as Smartphones and Google cardboards.

Learning environments & material
A seminar room on a local university campus was used as the non-virtual learning
environment (See Fig. 1). A PowerPoint presentation was projected onto the screen to
display the learning material and the female experimenter represented the tutor, reading a
script alongside each slide (See Supplemental Materials).

A virtual replica of the physical classroom, made to scale in order to minimise the
number of extraneous variables (Fig. 1C) was created using Unity 2018.2.17. To replicate
the appearance, colours and textures were applied and generic classroom furniture were
used to decorate the virtual environment. To display the PowerPoint slides in the IVEs,
custom software applied images of the PowerPoint slides as textures to the virtual projector
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screen. The lecture slide changed to the next one in sequence when spacebar was pressed.
Audio recordings of the female experimenter reading the script were automatically played
with each slide to keep delivery of the lecture material consistent for all participants.

For the IVE with a humanoid tutor, a female avatar was created using AdobeFuse CC
Beta and imported into the environment (Fig. 1A). The female avatar has an animator
controller to loop an ‘idle’ and an ‘eye blink’ motion to appear more realistic. For the IVE
with an abstract tutor, a block-shape representation was created from geometrically
primitive shapes (Fig. 1B). The abstract tutor was animated using key frame animation
which moved the body side-to-side and rotated the eyes to replicate the humanoid ‘idle’
and ‘blink’motions. Novel information was created for this study about the developmental
stages of a made-up alien species. This was used as the learning material in order to
eliminate the possibility of prior knowledge becoming a confounding variable
(See Supplemental Material).

Questionnaire
All data were recorded using Qualtrics, a web browser interface that automatically
recorded responses from participants. The first section of the questionnaire contained the
knowledge test, composed of 29 questions designed to test participants’ knowledge of
the alien species. The majority of the questions were multiple choice in order to test
retention, with some short answer questions to test comprehension (Schrader & Bastiaens,
2012) (See Supplemental Material). However, multiple choice tests have been critiqued as
they ‘feed’ students the answers, making it possible to gain artificially high scores
(Bush, 2001). Therefore to accurately reflect retention, the test was negatively marked
(meaning correct answers were given a score of 1, incorrect answers scored −1, and any

Figure 1 The humanoid embodied agent tutor (A), the non-human tutor (B), a view of the entire
virtual classroom environment (C), a view from the perspective of participants in our experiment
showing the novel learning material (D), and a view of the real world classroom (E). Participants
sat in the same position in both real and virtual environments as shown by the red circles.

Full-size DOI: 10.7717/peerj-cs.315/fig-1
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unanswered questions scored 0) to discourage guessing (Davies, 2002). The test was
marked to produce a score to indicate participant performance. Three blocks of questions
followed: learner satisfaction and engagement (7 items); learner motivation (3 items); and
virtual presence (5 items; see Supplemental Materials for the questionnaire).

Learner satisfaction and engagement

The questions designed to measure satisfaction and engagement with the learning
experience were 5-point Likert scales which asked participants how strongly they agreed
or disagreed with the statements. For example “The learning experience captured my
interest”. Each item was scored out of five (5 = Strongly Agree) and added together to
produce a learner satisfaction and engagement score out of 35. The questions were created
for the purpose of this experiment as it aimed to measure specifically how engaged
‘students’ were in this one experience. We had considered using an existing student
satisfaction questionnaire but opted to develop our own so that questions could be focused
on the experience in our study.

Learner motivation

Another block of questions was specifically tailored to investigate the effects of the EA
tutor manipulation on learner motivation, for example “The presence of the tutor
increased my motivation to learn”. Each item included a 5-point Likert scale which asked
participants to what extent they agreed with each statement, with ‘Strongly Agree’ being
scored as five. The item scores were added together to produce a learner motivation
score out of 15.

Virtual presence
The virtual presence questions were taken from an existing questionnaire (Witmer &
Singer, 1998). The most applicable items were selected, for example “To what degree
did your experiences in the virtual environment seem consistent with your real-world
experiences?”, participants responded to each statement via a 5-point scale (1 = Not at all,
5 = Completely) to indicate how immersive the IVEs were, and this produced a virtual
presence score out of 25.

Finally, to measure any potentially confounding effects, participants in the IVE with a
humanoid tutor were asked to report anything they found ‘odd’ about the human avatar,
as a perceived mismatch between appearance and expected behaviour, for example
‘speaking’ with no changing facial expression or lip movement, could lead to disliking of
the tutor and affect performance (Mori, 1970; Bailenson et al., 2005).

Procedure
This study was approved by the University of Bath Psychology Research Ethics Committee
(17-292). Participants were provided with further information about the study before
giving written informed consent. Only one participant took part in the experiment at a
time. Each participant was randomly allocated to one of the four learning conditions.

Participants in the IVEs were seated at a computer in the laboratory, the experimenter
would assist with fitting the headset and headphones to ensure the participant was
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comfortable. The experimenter would then launch the appropriate classroom application
(i.e. with a humanoid/abstract/no tutor). Participants allocated to the non-virtual
condition were seated in a seminar room on the university campus. Participants in the
non-virtual condition took part in the experiment individually: the only other person
present in the room was the experimenter. In both virtual and non-virtual conditions
participants were shown the same PowerPoint presentation, and heard the same
experimenter deliver the scripted information. The only difference being that in the virtual
condition the voice-clips were pre-recorded and incorporated into the environment,
whereas in the non-virtual condition the experimenter delivered the information in
person. In all conditions, participants observed the full presentation with corresponding
audio once, and were then allowed the remaining time to read through the slides
themselves with no audio input. After 30-minutes the experimenter halted the learning
part of the experiment, and those in the IVEs would be asked to remove the headset.
All participants were then required to complete the online test and questionnaire.

Throughout the experiment, all participants remained naïve to the manipulation of
the tutor and the environment. Afterwards all participants were fully debriefed, and the full
aims of the study were revealed, participants then provided final consent for the data to be
used.

ANALYSIS AND RESULTS
Frequentist null hypothesis significance testing and the associated p-value has many
shortcomings, for example it relies on hypothetical data and can be easily manipulated—
with larger sample sizes able to make small differences significant without any practical
value (Jarosz & Wiley, 2014; Dienes, 2011). Bayes Factor (BF) is a ratio which indicates the
likelihood of the observed data fitting under either of the two hypotheses. Therefore,
Bayesian statistics were conducted using JASP version 0.9 to determine the relative
strength of the support for the null vs. alternative hypotheses. BF represents the likelihood
that the evidence is explained by one hypothesis over another, for example a BF of 20
would indicate that one hypothesis is 20 times more likely to explain the data. BF can be
given as BF10 (evidence for the alternative hypothesis) or BF01 (evidence for the null
hypothesis) (Schut et al., 2018). We used BF01 values as they are easier to interpret in
relation to our findings. Based on this interpretation scheme, BF01 values of 3–10 indicate
moderate support for the null hypothesis, while values <3 indicate weak support for the
null hypothesis (Wagenmakers et al., 2018). Tables 1 and 2 presents a summary of these
results.

Additional statistical analyses carried out using SPSS version 24.0 were evaluated
against an alpha level of 0.05. An independent t-test was used to determine differences
in learner motivation between the humanoid tutor IVE and the abstract tutor IVE.
Assumption checking revealed that the data were normally distributed as assessed by the
Shapiro–Wilk test (p > 0.05), and the variance in each group was approximately equal, as
assessed by Levene’s test for homogeneity of variances (p > 0.05). However, due to the
small sample size three Kruskal–Wallis tests were conducted to compare learner
performance, satisfaction and engagement, and virtual presence ratings across multiple

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 9/22

http://dx.doi.org/10.7717/peerj-cs.315
https://peerj.com/computer-science/


learning conditions. Preliminary analyses confirmed that the data met the test assumptions
as there were no extreme outliers, and there was homogeneity of variances.

Learner performance
Mean scores for learner performance in each learning conditions are shown in Fig. 2.
On average, learner performance was similar across all learning environments, with only

Table 2 t-test results for the impact of tutor on motivation to learn.

Abstract tutor Humanoid tutor

Measure M SD M SD t(22) p d

Motivation 10 2.2 8.8 2.1 −1.316 0.202 −0.537

Figure 2 Mean test scores in the different learning environments. Error bars represent the standard
error (SE). Dots show distribution of participant scores, with larger dots indicating multiple participants
with the same score. Full-size DOI: 10.7717/peerj-cs.315/fig-2

Table 1 Kruskal–Wallis results summary covering the three core variables in our study: learner performance, satisfaction & engagement, and
sense of presence.

Non-virtual Virtual, no tutor Virtual,
humanoid tutor

Virtual, abstract
tutor

H(3) p η2

Measure M SD M SD M SD M SD

Performance 30.75 11.67 28.92 10.22 28.33 9.20 26.33 8.17 2.806 0.422 0.06

no tutor humanoid tutor abstract tutor H(2) p η2

M SD M SD M SD

Satisfaction &
Engagement

27.42 5.35 25.75 5.91 25.67 5.77 2.954 0.399 0.063

Presence 14.42 2.27 14.67 2.46 14.42 2.39 0.066 0.968 0.001
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slight differences among conditions. With respect toH1 andH2, we conducted a Kruskal–
Wallis test and results report no statistically significant differences in performance
scores between conditions, H(3) = 2.806, p = 0.422, η2 = 0.06, this result is moderately
reinforced by the Bayes statistics which indicate that the data are six times more likely to be
explained by the null hypothesis (BF01 = 6.2).

Learner satisfaction and engagement
Mean scores for learner satisfaction and engagement in each virtual learning condition
are shown in Fig. 3. Learner satisfaction and engagement levels, as measured by
seven items in the questionnaire (Cronbach a = 0.84), were similar across all virtual
learning conditions, with only slightly higher levels measured in the IVE with no tutor.
A Kruskal–Wallis test supported that learner satisfaction and engagement levels were
not significantly different between the virtual learning conditions, H(3) = 2.954, p = 0.399,
η2 = 0.063 Furthermore, Bayes statistics indicate that the data are four times more likely to
be explained by the null hypothesis (BF01 = 4.1).

Learner motivation
Mean scores for learner motivation in the presence of humanoid and non-humanoid EAs
are shown in Fig. 4. Learner motivation scores, measured using three items in the
questionnaire (Cronbach a = 0.62), appeared higher in the IVE with the abstract tutor
(M = 10.0, SD = 2.2) compared to learner motivation scores in the IVE with the humanoid
tutor (M = 8.8, SD = 2.1). With respect to H3, an independent samples t-test revealed
that these differences in learner motivation between conditions were not significantly
different, t(22) = −1.316, p = 0.202, d = −0.537. However, Bayes statistics only indicate very

Figure 3 Mean satisfaction and engagement scores with error bars representing SE, for the predictor
of learning condition within immersive virtual environments (no tutor, humanoid tutor, abstract
tutor). The real environment was not modelled as a condition in this analysis and therefore means
for three conditions are shown. Error bars and dots as in Fig. 2.

Full-size DOI: 10.7717/peerj-cs.315/fig-3
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weak support for the null hypothesis in this case as it suggests that the null hypothesis is
only one times more likely to explain the data (BF01 = 1.4).

Virtual presence
Virtual presence was measured using only a subset of Witmer and Singer’s presence
questionnaire so measures of internal reliability were not conducted. Learner ratings of
virtual presence were consistent across the different IVEs (no tutor M = 14.4, SD = 2.3;
human tutor M = 14.7, SD = 2.5; abstract tutor M = 14.3, SD = 2.3). A Kruskal–Wallis
test supported that virtual presence scores were not significantly different between the
virtual reality learning conditions, H(2) = 0.066, p = 0.968, η2 = 0.001, furthermore Bayes
statistics provide moderate support for the null (BF01 = 5).

Learner perceptions of avatar
In response to the question “Did you notice anything odd about the human avatar?” 58%
of the participants in the IVE with the humanoid tutor reported that they did find the
humanoid EA tutor strange. The reasons for answering ‘yes’ to the question were that the
avatar had strange or repetitive movement, no changing facial expressions, and did not
speak.

DISCUSSION
Previous research and educational applications of VR have focused on desktop-VR
simulations for skills-based tasks (Freina & Ott, 2015), neglecting the use of more IVEs and
their potential use for informational, lecture-styled learning experiences. Therefore, in
this pilot study we investigated to what extent informational-learning within an IVE is
effective compared to learning in a physical classroom. We created a virtual replica of a

Figure 4 Results of a t-test conducted to analyse the impact of humanoid vs. abstract tutor
representation on learner motivation scores, and therefore means for two conditions are shown.
Error bars and dots as in Fig. 2. Full-size DOI: 10.7717/peerj-cs.315/fig-4

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 12/22

http://dx.doi.org/10.7717/peerj-cs.315/fig-4
http://dx.doi.org/10.7717/peerj-cs.315
https://peerj.com/computer-science/


classroom and compared its use for informational learning to the traditional, real-world
classroom.

Previous literature indicated that simulated learning environments are highly effective,
enhance declarative knowledge, and lead to better retention compared to conventional
learning methods (Graesser et al., 2005; Merchant et al., 2014; Sitzmann, 2011). While
desktop-VR has dominated the literature, it is argued that more immersive experiences
may lead to even greater results (Psotka, 1995). Therefore, we hypothesised that
participants who learned virtually would outperform participants who learned
non-virtually (H1). However, results demonstrated that participants who learned virtually
did not outperform participants who learned non-virtually. A BF analysis provides
moderate support for this finding as it suggests that the data are six times more likely to be
explained by the null hypothesis. It is plausible that familiarity with learning material,
which is known to impact learner engagement, performance, and motivation (Schönwetter,
Clifton & Perry, 2002), would have impacted our results: to combat this effect we used
fabricated information to eliminate prior knowledge as a confounding variable. Thus our
findings are robust, indicating there is no detriment to learning in an IVE compared to a
conventional classroom setting (Madden et al., 2020).

The lack of a statistically significant difference in learner performance between the IVE
and the non-virtual classroom is of particular importance as educational institutions
are under increasing pressure to cater for large numbers of students, and as such require
effective distance learning applications (Kauffman, 2015). Current distance learning
platforms suffer from poor student engagement and high levels of drop-out (Yang et al.,
2013), however, IVEs have the potential to improve this. Previous research has
demonstrated that IVEs provide a more engaging platform for distance learners than
existing video-based applications (Tsaramirsis et al., 2016). In light of the COVID-19
pandemic and its impact on the higher education sector, namely creating situations
where many institutions have closed their campus until further notice, IVEs may yield
a better experience for distance learners. Furthermore, our research supports that distance
learning applications would benefit from incorporating the use of IVEs, as distance-learner
performance would be consistent with learners in traditional settings, yet IVEs can be
used on a much larger scale, making them highly cost-efficient.

The role of embodied agents
Few studies have been conducted which inform how the design and use of EA tutors
impacts the learner experience (Moro, Stromberga & Stirling, 2017), so we investigated
the role of EA tutors within IVEs. Wemanipulated the tutor in the IVE on two dimensions;
its presence or absence, and its human-like representation. Previous research has suggested
that co-presence influences the learning experience, with higher feelings of co-presence
resulting in greater learning performance (Roussou, Oliver & Slater, 2006; Wise et al.,
2004). Therefore, we hypothesised that participants who learn in the presence of an EA
tutor will outperform participants who learn in its absence.

We found no statistically significant difference in performance of learners who learned
without a virtual tutor, with a humanoid tutor, or with an abstract tutor. Participants who
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learned in the IVE without an EA tutor were expected to perform worse on the
post-learning test. Our findings fit into current discourse and debate on the utility of
EAs and their impact on learning: while some research has concluded no impact on
performance, consistent with ours (Sträfling et al., 2010), other research has found that
EAs do impact learning performance (Baylor Amy, 2009; Maldonado & Nass, 2007;
Rosenberg-Kima et al., 2007). One explanation for our results is the age of participants in
our study. Previous research in agreement with our results used young adults (Sträfling
et al., 2010), while others have recruited young school children (Roussou, Oliver & Slater,
2006). The presence of virtual avatars is known to positively impact learning in young
children (Darves, Oviatt & Coulston, 2002) and it is possible that the positive impact of
EA tutors on learner performance may be confined to when IVEs are used by younger
students (Baylor & Kim, 2004; Ashby Plant et al., 2009).

Embodied Agent tutors impact learner satisfaction and engagement within IVEs by
simulating the relationship between student and tutor (Alseid & Rigas, 2010). A learner’s
social judgement of interactions with an EA impacts perceived co-presence and
satisfaction, with human-like representations regarded as more social than non-human
avatars (Nowak, 2004). Therefore, we hypothesised that a humanoid EA tutor would be
preferred over an abstract EA. However, our results show no statistically significant
differences in learner satisfaction and engagement when comparing the IVE with no tutor,
the humanoid tutor, or the abstract tutor. BF analysis indicates that the data were four
times more likely to be explained by the null hypothesis in this instance and therefore can
be accepted with moderate confidence (Wagenmakers et al., 2018).

Although measures were taken to provide the humanoid tutor with a realistic
appearance and behaviour, such as using deictic gestures and a natural human voice
(Atkinson, Mayer & Merrill, 2005; Baylor, 2011; Baylor & Ryu, 2003; Janse, 2002), the
avatar was not equipped with any animations which replicated changing facial expressions.
This may have hindered the level of satisfaction and engagement the humanoid tutor was
able to evoke in the learners, which is known to influence perceived realism (Atkinson,
2002). In our study, many participants exposed to the humanoid tutor commented on the
absence of facial expression, with the majority of participants feeling as though it had
‘strange’ and ‘repetitive movement’. In contrast, participants did not have pre-defined
expectations of how the abstract tutor should behave and as such it was not susceptible
to the uncanny valley effect, unlike the humanoid avatar (Bailenson et al., 2005; Mori,
1970). Therefore, rather than the humanoid tutor increasing motivation, participants
may have found the abstract tutor more appealing. This mismatch between learner
expectations of the tutor and reality may have been detrimental to the perceived co-
presence (Bailenson et al., 2005). Therefore, it is possible that a lack of emotional
expression in the humanoid avatar contributed to the absence of significantly greater
learner satisfaction and engagement.

Previous research has indicated that EA tutors affect learning outcomes indirectly
by influencing learner motivation (Baylor, 2011). Research suggests greater likeability,
and ascribed intelligence when using a humanoid EA tutor (King & Ohya, 1996;
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Lester & Stone, 1997); therefore, we expected the humanoid tutor would increase levels of
learner motivation. However, there was no statistically significant difference in learner
motivation between the humanoid and abstract tutor groups immersed in the VLE. BF
analysis suggests that the data are almost equally likely to be explained by either the null or
the alternative hypothesis. Thus, we do not rule out the possibility that tutor appearance
can affect motivation.

A distinct strength of our study is the control for immersion as a factor which
could influence the efficacy of IVEs, as the more immersive the environment the more
comparable it is thought to be to real-world environments. To determine if learning
outcomes are affected by immersion a virtual-presence questionnaire was used. The results
indicated similarly high levels of immersion in all three IVEs, meaning that the IVEs
are comparable to non-virtual learning (Peperkorn, Diemer & Mühlberger, 2015; Shin,
2018) and ensuring that environment quality was unlikely to produce any differences in
learning outcomes.

Future work
While this pilot study provides preliminary support for the use of IVEs by demonstrating
that learning within an IVE is not significantly different to non-virtual learning, this is
only demonstrated in the immediate short-term as the test and outcome measures were
administered immediately after the learning experience. For effective distance learning
applications, long-term outcomes need to be assessed, perhaps in the realm of a
longitudinal study. Future work should consider incorporating additional follow-up
assessment periods, in order to provide evidence for whether the performance
outcomes observed in the IVE and the non-virtual classroom are maintained over a longer
period of time. In this preliminary study recruitment was restricted to the student
population at the university, however it is likely that large differences in learning styles
and ability will vary within this population resulting in a large range of scores in all
conditions. Future studies using a larger sample-size should consider the prior grades of
all participants, and use random allocation to minimise the effects of individual
differences.

Additionally, the present study highlights the need for further investigation into the
impact of EAs in IVEs to understand the varying results surrounding their impact on
learner performance, motivation, and satisfaction. Previous work has highlighted the
impact of graphical realism on peoples’ perceptions of avatars in virtual environments
while engaging in various tasks in various scenarios (Tessier et al., 2019; Kang, Watt &
Ala, 2008; Lugrin et al., 2015). Our goal was to assess the importance of a humanoid
avatar, not necessarily the physical realisation of said avatar. Future work may consider
graphical fidelity and realism as a factor in learner motivation, presence, and satisfaction
and engagement with the learning experience. A possible trend in the literature is
based around the age of participants, with younger participants seemingly more likely to
be influenced by the presence of an EA. Future research should seek to investigate this
theory.
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In the present study there was no verbal interaction allowed between participants
and the tutor in all learning conditions in order to remove the likelihood of differing
levels of social interaction between participants and the tutor becoming a confounding
variable. Furthermore, the EA was not equipped with any facial animation to replicate
changing expression, both of which likely had a negative impact on the perceived realism.
Future work investigating learner satisfaction, engagement, and motivation should
consider introducing EAs with changing expressions and allow verbal interaction, such as
the ability to ask the tutor questions, as this may better simulate student-tutor relationships
and have a greater impact upon perceived co-presence, producing more insightful
results regarding the role of EA tutors within IVEs. It may also reduce the strangeness
reported in “Discussion” as the avatar’s behaviour is improved.

Finally, we highlight a novel avenue for future research: whether the influence of an
EA on learning outcomes are mediated by their relevance to the learning material itself.
In our study, participants studied fabricated information about an alien species, hence the
abstract tutor may be more salient in this context, promoting interest in the learning
material to a greater extent than the humanoid tutor (Maldonado & Nass, 2007). Future
work will assess the link between learning material and the EA tutor’s appearance, as well
as its contextual relevance and form within the IVE.

CONCLUSIONS
To the best of our knowledge, this pilot study is the first to directly compare informational-
learning in a traditional classroom to a virtual replica using immersive VR for groups
of participants in a controlled, laboratory setting. Our findings suggest that learner
performance is equivalent in both learning situations. It remains unclear how the design
of the IVE might impact learning outcomes, in particular whether the presence and
appearance of the virtual tutor plays a role in learning outcomes. We have discussed
avenues for future work, building on our preliminary study and exploring other
factors which may impact learning performance in IVEs as well as guidelines and
recommendations for how to design future experiments which control for extraneous
variables. There are important implications for developers of distance learning
applications: by providing IVEs opposed to video-based applications, it is possible to
reduce the issues with current distance learning platforms and achieve comparable
performance levels with those who learn in a traditional classroom, making it possible to
cater for increasing numbers of students. As academic and corporate education moves
towards IVEs under increasing pressure to meet the demands of growing numbers of
students (Kauffman, 2015), the scalability and significant financial incentives they provide
while maintaining satisfactory learning outcomes make them an attractive alternative to
current video-based distance learning platforms. In addition, the COVID-19 pandemic has
also forced institutions to rethink their ability to provide effective blended learning and
virtual learning environments for students. IVE technology can help to create effective
learning environments that are safe for staff and students, and continue to provide high
quality learning and teaching.

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 16/22

http://dx.doi.org/10.7717/peerj-cs.315
https://peerj.com/computer-science/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
Isabel S. Fitton’s research is supported in part by the UKRI EPSRC Centre for Doctoral
Training in Digital Entertainment (CDE), EP/L016540/1. Daniel J. Finnegan thanks the
School of Computer Science & Informatics at Cardiff University for their continued
support. Michael J. Proulx is a member of the REal and Virtual Environments
Augmentation Labs (ReVEaL) Research Centre, the UKRI Centre for the Analysis of
Motion, Entertainment Research and Applications 2.0 (EP/T014865/1), and the UKRI
Centre for Doctoral Training in ART-AI in Computer Science at the University of Bath.
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
UKRI EPSRC Centres: EP/L016540/1 and EP/T014865/1.
School of Computer Science & Informatics at Cardiff University.
REal and Virtual Environments Augmentation Labs (ReVEaL) Research Centre.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Isabel S. Fitton conceived and designed the experiments, performed the experiments,
analysed the data, performed the computation work, prepared figures and/or tables,
authored or reviewed drafts of the paper, and approved the final draft.

� Daniel J. Finnegan conceived and designed the experiments, performed the computation
work, prepared figures and/or tables, authored or reviewed drafts of the paper, and
approved the final draft.

� Michael J. Proulx conceived and designed the experiments, authored or reviewed drafts
of the paper, and approved the final draft.

Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The University of Bath Psychology Research Ethics Committee granted approval to
carry out this study (Approval number 17-292).

Data Availability
The following information was supplied regarding data availability:

The raw data is available in the Supplemental Files.

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 17/22

http://dx.doi.org/10.7717/peerj-cs.315#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.315
https://peerj.com/computer-science/


Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj-cs.315#supplemental-information.

REFERENCES
Alseid M, Rigas D. 2010. Three different modes of avatars as virtual lecturers in e-learning

interfaces: a comparative usability study. Open Virtual Reality Journal 2(1):8–17
DOI 10.2174/1875323X01002010008.

Ashby Plant E, Baylor AL, Doerr CE, Rosenberg-Kima RB. 2009. Changing middle-school
students’ attitudes and performance regarding engineering with computer-based social models.
Computers & Education 53(2):209–215 DOI 10.1016/j.compedu.2009.01.013.

Atkinson R. 2002. Optimizing learning from examples using animated pedagogical agents.
Journal of Educational Psychology 94(2):416–427 DOI 10.1037/0022-0663.94.2.416.

Atkinson RK, Mayer RE, Merrill MM. 2005. Fostering social agency in multimedia learning:
examining the impact of an animated agent’s voice. Contemporary Educational Psychology
30(1):117–139 DOI 10.1016/j.cedpsych.2004.07.001.

Bailenson JN, Swinth K, Hoyt C, Persky S, Dimov A, Blascovich J. 2005. The independent and
interactive effects of embodied-agent appearance and behavior on self-report, cognitive, and
behavioral markers of copresence in immersive virtual environments. Presence: Teleoperators
and Virtual Environments 14(4):379–393 DOI 10.1162/105474605774785235.

Baylor AL. 2011. The design of motivational agents and avatars. Educational Technology Research
and Development 59(2):291–300 DOI 10.1007/s11423-011-9196-3.

Baylor AL, Kim S. 2009. Designing nonverbal communication for pedagogical agents: when less is
more. Computers in Human Behavior 25(2):450–457 DOI 10.1016/j.chb.2008.10.008.

Baylor AL, Kim Y. 2004. Pedagogical agent design: the impact of agent realism, gender, ethnicity,
and instructional role. In: Lester JC, Vicari RM, Paraguaçu F, eds. Intelligent Tutoring Systems,
Lecture Notes in Computer Science. Berlin Heidelberg: Springer, 592–603.

Baylor AL, Ryu J. 2003. The effects of image and animation in enhancing pedagogical agent
persona. Journal of Educational Computing Research 28(4):373–394
DOI 10.2190/V0WQ-NWGN-JB54-FAT4.

Baylor Amy L. 2009. Promoting motivation with virtual agents and avatars: role of visual presence
and appearance. Philosophical Transactions of the Royal Society B: Biological Sciences
364(1535):3559–3565 DOI 10.1098/rstb.2009.0148.

BushM. 2001.Amultiple choice test that rewards partial knowledge. Journal of Further and Higher
Education 25(2):157–163 DOI 10.1080/03098770120050828.

Caro V, Carter B, Dagli S, Schissler M, Millunchick J. 2018. Can virtual reality enhance learning:
a case study in materials science. In: 2018 IEEE Frontiers in Education Conference (FIE), 1–4.

Chen S. 2018. Research on the application of virtual reality in remote education based on the
example of MOOC. In: 2018 15th International Conference on Service Systems and Service
Management (ICSSSM), 1–4.

Clow D. 2013. MOOCs and the funnel of participation. In: Proceedings of the Third International
Conference on Learning Analytics and Knowledge, LAK ’13, New York: ACM, 185–189.

Crook C, Schofield L. 2017. The video lecture. Internet and Higher Education 34:56–64
DOI 10.1016/j.iheduc.2017.05.003.

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 18/22

http://dx.doi.org/10.7717/peerj-cs.315#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.315#supplemental-information
http://dx.doi.org/10.2174/1875323X01002010008
http://dx.doi.org/10.1016/j.compedu.2009.01.013
http://dx.doi.org/10.1037/0022-0663.94.2.416
http://dx.doi.org/10.1016/j.cedpsych.2004.07.001
http://dx.doi.org/10.1162/105474605774785235
http://dx.doi.org/10.1007/s11423-011-9196-3
http://dx.doi.org/10.1016/j.chb.2008.10.008
http://dx.doi.org/10.2190/V0WQ-NWGN-JB54-FAT4
http://dx.doi.org/10.1098/rstb.2009.0148
http://dx.doi.org/10.1080/03098770120050828
http://dx.doi.org/10.1016/j.iheduc.2017.05.003
http://dx.doi.org/10.7717/peerj-cs.315
https://peerj.com/computer-science/


Darves C, Oviatt S, Coulston R. 2002. The impact of auditory embodiment on animated character
design. In: Proceedings of the International Joint Conference on Autonomous Agents and
Multi-agent Systems, Embodied Agents Workshop.

Davies P. 2002. There’s no confidence in multiple-choice testing. Loughborough University.
Available at https://repository.lboro.ac.uk/articles/_There_s_no_Confidence_in_Multiple-
Choice_Testing__/9490067 (accessed 3 November 2020).

Didehbani N, Allen T, Kandalaft M, Krawczyk D, Chapman S. 2016. Virtual reality social
cognition training for children with high functioning autism. Computers in Human Behavior
62:703–711 DOI 10.1016/j.chb.2016.04.033.

Dienes Z. 2011. Bayesian versus orthodox statistics: which side are you on? Perspectives on
Psychological Science 6(3):274–290 DOI 10.1177/1745691611406920.

Faul F, Erdfelder E, Lang A-G, Buchner A. 2007. G*Power 3: a flexible statistical power analysis
program for the social, behavioral, and biomedical sciences. Behavior Research Methods
39(2):175–191 DOI 10.3758/BF03193146.

Feng Y, Chen D, Zhao Z, Chen H, Xi P. 2015. The impact of students and TAs’ participation on
students’ academic performance in MOOC. In: Proceedings of the 2015 IEEE/ACM International
Conference on Advances in Social Networks Analysis and Mining 2015, ASONAM ’15, New York:
ACM, 1149–1154.

Freina L, Ott M. 2015. A literature review on immersive virtual reality in education: state of the art
and perspectives. In: eLearning and Software for Education (eLSE)Bucharest, .

Freitas A, Paredes J. 2018. Understanding the faculty perspectives influencing their innovative
practices in MOOCs/SPOCs: a case study. International Journal of Educational Technology in
Higher Education 15(1):5 DOI 10.1186/s41239-017-0086-6.

Graesser AC, Chipman P, Haynes BC, Olney A. 2005. AutoTutor: an intelligent tutoring system
with mixed-initiative dialogue. IEEE Transactions on Education 48(4):612–618
DOI 10.1109/TE.2005.856149.

Greenwald SW, Kulik A, Kunert A, Beck S, Fröhlich B, Cobb S, Parsons S, Newbutt N, Gouveia
C, Cook C, Snyder A, Payne S, Holland J, Buessing S, Fields G, Corning W, Lee V, Xia L,
Maes P. 2017. Technology and applications for collaborative learning in virtual reality. In:
Making a Difference: Prioritizing Equity and Access in CSCL, 12th International Conference on
Computer Supported Collaborative Learning (CSCL), 719–726.

Hasegawa D, Uğurlu Y, Sakuta H. 2014. A human-like embodied agent learning tour guide for
e-learning systems. In: 2014 IEEE Global Engineering Education Conference (EDUCON), 50–53.

Hecke TV. 2012. Power study of anova versus Kruskal-Wallis test. Journal of Statistics and
Management Systems 15(2–3):241–247 DOI 10.1080/09720510.2012.10701623.

Heeter C. 1992. Being there: the subjective experience of presence. Presence: Teleoperators and
Virtual Environments 1(2):262–271 DOI 10.1162/pres.1992.1.2.262.

Janse E. 2002. Time-compressing natural and synthetic speech. In: Proceedings of the 7th
International Conference on Spoken Language Processing.

Jarosz A, Wiley J. 2014. What are the odds? A practical guide to computing and reporting Bayes
factors. Journal of Problem Solving 7(1):2–9.

Johnson WL, Rickel J. 1997. Steve: an animated pedagogical agent for procedural training in
virtual environments. ACM SIGART Bulletin 8(1–4):16–21 DOI 10.1145/272874.272877.

Joo YJ, So H-J, Kim NH. 2018. Examination of relationships among students’ self-determination,
technology acceptance, satisfaction, and continuance intention to use K-MOOCs. Computers &
Education 122:260–272 DOI 10.1016/j.compedu.2018.01.003.

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 19/22

https://repository.lboro.ac.uk/articles/_There_s_no_Confidence_in_Multiple-Choice_Testing__/9490067
https://repository.lboro.ac.uk/articles/_There_s_no_Confidence_in_Multiple-Choice_Testing__/9490067
http://dx.doi.org/10.1016/j.chb.2016.04.033
http://dx.doi.org/10.1177/1745691611406920
http://dx.doi.org/10.3758/BF03193146
http://dx.doi.org/10.1186/s41239-017-0086-6
http://dx.doi.org/10.1109/TE.2005.856149
http://dx.doi.org/10.1080/09720510.2012.10701623
http://dx.doi.org/10.1162/pres.1992.1.2.262
http://dx.doi.org/10.1145/272874.272877
http://dx.doi.org/10.1016/j.compedu.2018.01.003
http://dx.doi.org/10.7717/peerj-cs.315
https://peerj.com/computer-science/


Kang S-H, Watt JH, Ala SK. 2008. Communicators’ perceptions of social presence as a function of
avatar realism in small display mobile communication devices. In: Proceedings of the 41st
Annual Hawaii International Conference on System Sciences (HICSS 2008), 147.

Kaplan AM, Haenlein M. 2016. Higher education and the digital revolution: about MOOCs,
SPOCs, social media, and the cookie monster. Business Horizons 59(4):441–450
DOI 10.1016/j.bushor.2016.03.008.

Kauffman H. 2015. A review of predictive factors of student success in and satisfaction with online
learning—ALT open access repository. Research in Learning Technology 23:26507
DOI 10.3402/rlt.v23.26507.

King WJ, Ohya J. 1996. The representation of agents: anthropomorphism, agency, and
intelligence. In: Conference Companion on Human Factors in Computing Systems, CHI ’96,
New York: ACM, 289–290.

Korallo L. 2010. Use of virtual reality environments to improve the learning of historical
chronology. PhD thesis. Middlesex University, Hendon, London, UK.

Lessick S, Kraft M. 2017. Facing reality: the growth of virtual reality and health sciences libraries.
Journal of the Medical Library Association 105(4):407–417 DOI 10.5195/JMLA.2017.329.

Lester JC, Stone BA. 1997. Increasing believability in animated pedagogical agents. In: Proceedings
of the First International Conference on Autonmous Agents, New York: Association for
Computing Machinery, Vol. 5.

Lester JC, Stone BA, Stelling GD. 1999. Lifelike pedagogical agents for mixed-initiative problem
solving in constructivist learning environments. User Modeling and User-Adapted Interaction
9(1):1–44 DOI 10.1023/A:1008374607830.

Lin L, Parmar D, Babu SV, Leonard AE, Daily SB, Jörg S. 2017. How character customization
affects learning in computational thinking. In: Proceedings of the ACM Symposium on Applied
Perception, SAP ’17, New York: ACM, 1:1–1:8.

Lugrin J-L, Wiedemann M, Bieberstein D, Latoschik ME. 2015. Influence of avatar realism on
stressful situation in VR. In: 2015 IEEE Virtual Reality (VR), 227–228.

Madden J, Pandita S, Schuldt JP, Kim B, Won AS, Holmes NG. 2020. Ready student one:
exploring the predictors of student learning in virtual reality. PLOS ONE 15(3):e0229788
DOI 10.1371/journal.pone.0229788.

Maldonado H, Nass C. 2007. Emotive characters can make learning more productive and
enjoyable: it takes two to learn to tango. Educational Technology 47(1):33–38.

Martha ASD, Santoso HB. 2019. The design and impact of the pedagogical agent: a systematic
literature review. Journal of Educators Online 16(1):15.

Merchant Z, Goetz ET, Cifuentes L, Keeney-Kennicutt W, Davis TJ. 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 DOI 10.1016/j.compedu.2013.07.033.

Misbhauddin M. 2018. VREdu: a framework for interactive immersive lectures using virtual
reality. In: 2018 21st Saudi Computer Society National Computer Conference (NCC), 1–6.

Mori M. 1970. On the uncanny valley. Energy 7(4):33–35.

Moro C, Stromberga Z, Stirling A. 2017. Virtualisation devices for student learning: comparison
between desktop-based (Oculus Rift) and mobile-based (Gear VR) virtual reality in medical and
health science education. Australasian Journal of Educational Technology 33(6):10
DOI 10.14742/ajet.3840.

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 20/22

http://dx.doi.org/10.1016/j.bushor.2016.03.008
http://dx.doi.org/10.3402/rlt.v23.26507
http://dx.doi.org/10.5195/JMLA.2017.329
http://dx.doi.org/10.1023/A:1008374607830
http://dx.doi.org/10.1371/journal.pone.0229788
http://dx.doi.org/10.1016/j.compedu.2013.07.033
http://dx.doi.org/10.14742/ajet.3840
http://dx.doi.org/10.7717/peerj-cs.315
https://peerj.com/computer-science/


Nemer D, O’Neill J. 2019. Rethinking MOOCs: the promises for better education in India.
International Journal of Information Communication Technologies and Human Development
11(1):36–50.

Novick D, Afravi M, Camacho A, Rodriguez A, Hinojos L. 2019. Pedagogical-agent learning
companions in a virtual reality educational experience. In: Zaphiris P, Ioannou A, eds. Learning
and Collaboration Technologies. Ubiquitous and Virtual Environments for Learning and
Collaboration, Lecture Notes in Computer Science. Cham: Springer International Publishing,
193–203.

Nowak KL. 2004. The influence of anthropomorphism and agency on social judgment in virtual
environments. Journal of Computer: Mediated Communication 9(2)
DOI 10.1111/j.1083-6101.2004.tb00284.x.

Peperkorn HM, Diemer J, Mühlberger A. 2015. Temporal dynamics in the relation between
presence and fear in virtual reality. Computers in Human Behavior 48:542–547
DOI 10.1016/j.chb.2015.02.028.

Pirker J, Lesjak I, Parger M, Gütl C. 2018. An educational physics laboratory in mobile versus
room scale virtual reality: a comparative study. In: Auer ME, Zutin DG, eds. Online
Engineering & Internet of Things, Lecture Notes in Networks and Systems. New York: Springer
International Publishing, 1029–1043.

Psotka J. 1995. Immersive training systems: virtual reality and education and training.
Instructional Science 23(5):405–431 DOI 10.1007/BF00896880.

Rajeswaran P, Hung N, Kesavadas T, Vozenilek J, Kumar P. 2018. AirwayVR: learning
endotracheal intubation in virtual reality. In: 2018 IEEE Conference on Virtual Reality and 3D
User Interfaces (VR), 669–670.

Rosé CP, Carlson R, Yang D, Wen M, Resnick L, Goldman P, Sherer J. 2014. Social factors that
contribute to attrition in MOOCs. In: Proceedings of the First ACM Conference on Learning @
Scale Conference—L@S ’14, Atlanta: ACM Press, 197–198.

Rosenberg-Kima RB, Baylor AL, Plant EA, Doerr CE. 2007. The importance of interface agent
visual presence: voice alone is less effective in impacting young women’s attitudes toward
engineering. In: De Kort Y, IJsselsteijn W, Midden C, Eggen B, Fogg BJ, eds. Persuasive
Technology, Lecture Notes in Computer Science. Berlin Heidelberg: Springer, 214–222.

Roussou M, Oliver M, Slater M. 2006. The virtual playground: an educational virtual reality
environment for evaluating interactivity and conceptual learning. Virtual Reality 10(3):227–240
DOI 10.1007/s10055-006-0035-5.

Scaife M, Rogers Y. 2001. Informing the design of a virtual environment to support learning in
children. International Journal of Human: Computer Studies 55(2):115–143
DOI 10.1006/ijhc.2001.0473.

Schönwetter DJ, Clifton RA, Perry RP. 2002. Content familiarity: differential impact of effective
teaching on student achievement outcomes. Research in Higher Education 43(6):625–655
DOI 10.1023/A:1020999014875.

Schrader C, Bastiaens T. 2012. Learning in educational computer games for novices: the impact of
support provision types on virtual presence, cognitive load, and learning outcomes.
International Review of Research in Open and Distributed Learning 13(3):206–227
DOI 10.19173/irrodl.v13i3.1166.

Schut MJ, Van der Stoep N, Fabius JH, Van der Stigchel S. 2018. Feature integration is unaffected
by saccade landing point, even when saccades land outside of the range of regular oculomotor
variance. Journal of Vision 18(7):6 DOI 10.1167/18.7.6.

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 21/22

http://dx.doi.org/10.1111/j.1083-6101.2004.tb00284.x
http://dx.doi.org/10.1016/j.chb.2015.02.028
http://dx.doi.org/10.1007/BF00896880
http://dx.doi.org/10.1007/s10055-006-0035-5
http://dx.doi.org/10.1006/ijhc.2001.0473
http://dx.doi.org/10.1023/A:1020999014875
http://dx.doi.org/10.19173/irrodl.v13i3.1166
http://dx.doi.org/10.1167/18.7.6
http://dx.doi.org/10.7717/peerj-cs.315
https://peerj.com/computer-science/


Shin D. 2018. Empathy and embodied experience in virtual environment: to what extent can
virtual reality stimulate empathy and embodied experience? Computers in Human Behavior
78:64–73 DOI 10.1016/j.chb.2017.09.012.

Short J, Williams E, Christie B. 1976. The social psychology of telecommunications. Hoboken:
John Wiley & Sons.

Sitzmann T. 2011. A meta-analytic examination of the instructional effectiveness of computer-
based simulation games. Personnel Psychology 64(2):489–528
DOI 10.1111/j.1744-6570.2011.01190.x.

Sneddon J, Barlow G, Bradley S, Brink A, Chandy SJ, Nathwani D. 2018. Development and
impact of a massive open online course (MOOC) for antimicrobial stewardship.
Journal of Antimicrobial Chemotherapy 73(4):1091–1097 DOI 10.1093/jac/dkx493.

Soliman M, Guetl C. 2010. Intelligent pedagogical agents in immersive virtual learning
environments: a review. In: The 33rd International Convention MIPRO, 827–832.

Sträfling N, Fleischer I, Polzer C, Leutner D, Krämer NC. 2010. Teaching learning strategies with
a pedagogical agent. Journal of Media Psychology 22(2):73–83 DOI 10.1027/1864-1105/a000010.

Tessier M-H, Gingras C, Robitaille N, Jackson PL. 2019. Toward dynamic pain expressions in
avatars: perceived realism and pain level of different action unit orders. Computers in Human
Behavior 96:95–109 DOI 10.1016/j.chb.2019.02.001.

Tsaramirsis G, Buhari SM, Al-Shammari KO, Ghazi S, Nazmudeen MS, Tsaramirsis K. 2016.
Towards simulation of the classroom learning experience: virtual reality approach. In: 2016 3rd
International Conference on Computing for Sustainable Global Development (INDIACom),
1343–1346.

Wagenmakers E-J, Love J, Marsman M, Jamil T, Ly A, Verhagen J, Selker R, Gronau QF,
Dropmann D, Boutin B, Meerhoff F, Knight P, Raj A, Van Kesteren E-J, Van Doorn J, Šmíra
M, Epskamp S, Etz A, Matzke D, De Jong T, Van den Bergh D, Sarafoglou A, Steingroever H,
Derks K, Rouder JN, Morey RD. 2018. Bayesian inference for psychology. Part II: example
applications with JASP. Psychonomic Bulletin & Review 25(1):58–76
DOI 10.3758/s13423-017-1323-7.

Wise A, Chang J, Duffy T, Del Valle R. 2004. The effects of teacher social presence on student
satisfaction, engagement, and learning. Journal of Educational Computing Research
31(3):247–271 DOI 10.2190/V0LB-1M37-RNR8-Y2U1.

Witmer BG, Singer MJ. 1998. Measuring presence in virtual environments: a presence
questionnaire. Presence: Teleoperators and Virtual Environments 7(3):225–240
DOI 10.1162/105474698565686.

Yang D, Sinha T, Adamson D, Penstein Rose C. 2013. Turn on, tune in, drop out: anticipating
student dropouts in massive open online courses. In: Proceedings of the 2013 NIPS Data-Driven
Education Workshop. Vol. 11.

Fitton et al. (2020), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.315 22/22

http://dx.doi.org/10.1016/j.chb.2017.09.012
http://dx.doi.org/10.1111/j.1744-6570.2011.01190.x
http://dx.doi.org/10.1093/jac/dkx493
http://dx.doi.org/10.1027/1864-1105/a000010
http://dx.doi.org/10.1016/j.chb.2019.02.001
http://dx.doi.org/10.3758/s13423-017-1323-7
http://dx.doi.org/10.2190/V0LB-1M37-RNR8-Y2U1
http://dx.doi.org/10.1162/105474698565686
https://peerj.com/computer-science/
http://dx.doi.org/10.7717/peerj-cs.315

	Immersive virtual environments and embodied agents for e-learning applications
	Introduction
	Materials and Methods
	Analysis and results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


