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Professionals

Although previous research on Virtual Reality (VR) demonstrated the effects of
particular learning environment characteristics on learning, none of these studies
constructed their virtual learning environment from a constructive alignment
perspective. Therefore, this experimental study aims to investigate the impact of
a constructively aligned virtual classroom setting, adopting an Atrtificial
Intelligence (Al) training, on professionals’ knowledge on Al This experimental
condition was compared with a control condition, consisting of a similar
constructively aligned Al-training within a traditional face-to-face setting.
Learning outcomes were measured using a pre-test post-test validated multiple-
choice test. Additionally, motivation and perceptions, which are considered as
crucial intermediate variables, were assessed using questionnaires. Results
revealed significant improvements in learning from pre-test to post-test with no
statistical difference between the conditions. Following the principle of
constructive alignment, professionals perceived the VR classroom environment as
motivating as the traditional setting. As a result, professionals perceived the VR
classroom setting to the same extent as the traditional learning environment. These
findings reveal that improvements in learning outcomes of professionals can be
realized if environments are designed based on the principle of constructive

alignment irrespective of the VR or traditional settings.

Introduction

Learning and development in the 21% century are considered to be fundamental for professionals (Cervero, 2000;

Daley & Cervero, 2016). With rapid changes in society, continuing education has been considered crucial for

professionals’ performance and job satisfaction (Collin et al., 2012; Webster-Wright, 2009). Traditionally,

professionals are trained by an expert in a face-to-face situation (Cervero, 2000). However, over the past decades,

a trend has been observed in the so-called ‘distance education’. This field is focused on effective teaching without

the physical presence of the teachers and learners by making use of educational technologies (Sichterman et al.,
2022; Zawacki-Richter & Naidu, 2016).

With the rapid development of Artificial Intelligence (Al) such as ChatGPT and powerful technology-enhanced

learning environments, there is a shift from teaching and learning in the traditional classrooms into learning and

561



Sichterman, van Ginkel, van Halteren, van Tilborg, & Noroozi

collaborating in virtual settings to make learning processes more effective, efficient, and engaging (Banihashem
et al., 2022; Farrokhnia et al., 2023; Noroozi, Jarveld and Kirschner, 2019). A revolutionary technology that
supports distance education is Virtual Reality (VR). This technique enables users to learn in a virtual environment
and collaborate with peers without being physically together (LaViola et al., 2017; Van Ginkel et al., 2020; Van
Ginkel & Sichterman, 2023). Advances in VR, such as the significant increase in computational power and
substantial reduction in costs, have led to extensive adoption in several professional and educational domains
(Merchant et al., 2014; Radianti et al., 2020). Moreover, VR can support teachers in providing instructions or
feedback in students’ learning processes (Adubra et al., 2019). Additionally, VR offers logistical potentials for
decreasing travel times and overcoming barriers of distance and physical constraints (Chau et al., 2013;
Sichterman et al., 2021).

Several review studies have shown that learning (in terms of cognition, skills and attitudes) can be enhanced by
VR within various professional and educational domains (Howard & Gutworth, 2020; Radianti et al., 2020). For
example, Makransky et al. (2020) studied assessment strategies to measure students’ ability to apply obtained
knowledge in a laboratory-based VR environment and reported a significant impact on learning. Additionally,
Fleming et al. (2009) demonstrated significant improvements in clinical skills in medical health care professionals
after a VR intervention. Finally, Van Ginkel et al. (2020) revealed substantial increases in students’ public
speaking skills by facilitating immediate automated feedback during presentations in front of virtual audiences.

Given these points, VR seems to have potentials to improve various aspects of learning processes and outcomes.

Scientific evidence claims that one must follow the principle of constructive alignment in order to fully obtain the
potentials of VR for various aspects of learning processes and outcomes (McKenzie et al., 2020). To illustrate,
following the principles of Biggs (1996), effective learning environments should include instructions,
teaching/learning activities and assessment strategies in order to meet the criterion of constructive alignment
(Banihashem & Farrokhnia et al., 2022; Biggs & Tang, 2011; Joseph & Juwah, 2012; Van Ginkel et al., 2015a).
More specifically, the principle of constructive alignment starts from the perspective of the intended learning
outcomes that, in turn, have to be systematically aligned with teaching/learning activities and assessment strategies
(Biggs, 1996). However, VR studies in relation to various aspects of learning processes have not yet fully

incorporated the principle of constructive alignment in their design.

Therefore, this experimental study aims to investigate the impact of a constructively aligned learning environment
within a VR classroom on professionals’ learning outcomes. The learning environment concerns an Al course
aimed to acquire the basic principles of Al that are applicable in working practice. This topic is selected, since Al
is expected to impact the tasks and careers of many professionals in the 215 century (Makridakis, 2017). In this
study, the learning outcome is defined as the cognition towards understanding the basic principles of Al. Further,
motivation and perceptions towards the characteristics of the learning environment and classroom setting are also
adopted in this study, since learning is no longer seen as being only cognitive, but is seen as a complex process
that is also motivational, social and emotional in nature (Biggs & Tang, 2011; Noroozi et al., 2019, 2020; Van
Ginkel et al., 2019). The experimental condition consists of a fully fully-immersive multi-user VR classroom

setting. The effects on learning are compared with a traditional face-to-face classroom setting, also constructed
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based on the principle of Biggs (1996).

Literature Review

The following sections outline recent scientific literature on the impact of learning environments in VR on learning
outcomes that meet the criterion of constructive alignment (i.e. instructions, teaching/learning activities and
assessment strategies). These learning environments involve particular learning environment characteristics (i.e.
in isolation) and the combination of these characteristics (e.g. teaching/learning activities and assessment
strategies). Based on discussions in literature, it is aimed to verify whether a concrete set of hypotheses can be

formulated to guide this experimental study reported in this paper.

The Impact of Instructions, Learning Activities or Feedback in VR on Learning

Over the past decade, various studies have demonstrated the impacts of VR settings on learning of
teaching/learning activities or assessment strategies in isolation. However, no studies have been found that solely
focused on the implementation of constructively aligned VR settings. With regard to teaching/learning activities
within VR, research has shown enhanced learning performances and increased learning outcomes after conducting
these activities in VR environments (Alfalah et al., 2018; Graeser et al., 2014; Mohammadi et al., 2019;
Rupasinghe et al., 2011). To illustrate, the implementation of a VR training tool within medical education — in
which students could interact with 3D anatomical models - was considered to be effective for learning (Alfalah et
al., 2018; Stepan et al., 2017). Interestingly, while results of one study showed that that learning activities within
VR seem to be more effective for learning than traditional teaching approaches (Alfalah et al., 2018), others

suggested that the VR simulation was as effective as traditional teaching (Stepan et al., 2017).

While the majority of studies have focused on the implementation of teaching/learning activities within VR, some
scholars focused on assessment strategies in VR. For example, Van Ginkel et al. (2019) investigated the impact
of computer-mediated delayed feedback on the development of students’ presentation skills. Results of this study
show increased presentation competences in students, without differences between the immersive VR
environment and the face-to-face setting. Additionally, integration of formative feedback and assessment resulted
in improvements in learning, intrinsic motivation and self-efficacy in a desktop VR laboratory setting (Makransky
et al., 2020).

The Impact of a Comprehensive VR Learning Environment on Learning

While none of the studies particularly focused on the implementation of instruction in VR learning environments,
some studies integrated the combination of instruction and teaching/learning activities in VR. Interestingly, one
of these studies showed that learning in a desktop VR laboratory environment executed at home turned out to be
as effective as in class since no differences in learning outcomes, intrinsic motivation and self-efficacy were
determined (Makransky, Mayer, et al., 2019). However, other research studies demonstrated enhanced

performance and improved creative thinking abilities after implementing instruction and teaching/learning
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activities within VR (Hu et al., 2016).

Regarding the combination of teaching/learning activities and assessment strategies within VR learning
environments, various studies investigated their impacts on learning outcomes. The majority of these studies used
VR simulators, e.g. in laparoscopic surgery or otolaryngology, and determined increased skill performance (Bhatti
& Ahmed, 2015; Crochet et al., 2017; Palter et al., 2013). Additionally, increased conceptual and procedural
knowledge in medication administration practice was determined while comparing a VR simulation with a lecture-
based curriculum (Dubovi et al., 2017). Besides, others claimed increased self-efficacy and performance levels

for students and professional experts after training with immersive VR (Wu et al., 2019).

Finally, other scholars incorporated different learning environment characteristics within VR, belonging to the
components instructions, teaching/learning activities and assessment strategies (Biggs, 1996). Some researchers
claimed that immersive VR resulted in increased behavioral performance, motivation and self-efficacy in
comparison to a control condition that used conventional study materials (media and text) in a laboratory safety
training. However, no difference was determined in basic knowledge retention between the control, desktop VR
and immersive VR conditions (Makransky, Borre-Gude et al., 2019). Moreover, inconsistency in findings
regarding the impact of VR on learning is observed since immersive VR also resulted in decreased learning
compared to desktop VR (Makransky, Terkildsen et al., 2019). Furthermore, medical studies using simulations
also reported inconsistent findings, since one study showed increased performances after collaborative learning
(Khanal et al., 2014), while others reported no differences in practical performances, even though motivational

levels were increased (Aeckersberg et al., 2019).

In brief, based on previous research, it can be stated that:

1. Previous studies on VR, while focusing on the effects of the learning environment, mainly studied
instructions, learning activities and/or assessment strategies in isolation or two of these components
combined. Although a minority of publications included learning environment characteristics belonging to
all three mentioned categories, none of these studies designed their education from the perspective of aligning
these learning environment characteristics according to the principle of constructive alignment (Biggs, 1996).
This study, however, starts from the perspective of constructive alignment and empirically tests the impact
of an aligned learning environment in VR on learning, motivation and perception.

2. Several scholars studied VR learning environments in which participants interacted with the VR modalities.
However, little discussion focused on the impact of learning environments in VR, comparable with a
traditional classroom situation, where participants conduct both individual learning activities as well as
collaborative activities with their peers. Therefore, this study focuses on the impact of full-immersive multi-
user VR on learning, motivation and perception by comparing this experimental group with a control
condition consisting of a course in a traditional classroom setting.

3. Most studies adopted VR as a learning activity integrated in regular classroom situations. However, it remains
questionable whether participants wearing VR-headsets - and following a full-immersive multi-user virtual
learning trajectory - without being in the same physical environments as their teachers and peers, is effective

for increasing learning outcomes and motivation. This study focuses on the latter by verifying whether
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comprehensive VR learning environments are not only effective, but could also be more efficient (in terms
of time constraints such as travel time) than traditional face-to-face education in the near future.

4. Previous studies tested the effectivity of the VR learning environments on various outcome variables. Further,
several of these studies additionally incorporated perceptions of the participants, since these factors can be
considered as crucial intermediate variables influencing learning outcomes. Therefore, this study includes
items that directly correspond to the perceived motivation as well as the experience of the key learning

environment characteristics as formulated by Biggs (1996) and the classroom setting.

In summary, taking the findings of recent literature together, there is no evidence for the impact of a constructively
aligned learning environment in VR on learning outcomes in comparison to the effects of a traditional classroom

setting. Therefore, the potential impact is studied here through explorative testing in a field experiment.

Methods

Participants

Twenty-seven Dutch adult participants, active in professional practice, were recruited for this experiment via
online recruitment platforms. The sample consisted of eighteen males and nine females. Further, the majority of
these professionals ranged from 24 to 56 years of age. With regard to their level of education, most of the
participants obtained a Bachelor’s degree. Prior to the experiment, participants were informed about the intention
of the study and all of them confirmed their informed consent. In addition, the Netherlands Code of Conduct for

Scientific Practice was adopted to ensure research integrity and personal details were excluded from data analysis.

Context of Study

The training involved in this study was an one-day introductory Al course focused on the basic principles of Al
and its impact on society and professional practice. The following subjects were included covering the topic of
Al: (1) main principles of Al such as intelligent and automated behaviors; (2) classifications of Al referring to the
extent of which the intelligence can be applied to any type of task; (3) areas as Machine Learning, Natural
Language Processing, Computer Vision, and Robotics, (4) applications of Al in society, and (5) implications of
Al for societal future directions.

The Al course was designed based on the principle of constructive alignment as described by Biggs & Tang
(2011); Firstly, intended learning outcomes (ILOs) for declarative knowledge were formulated based on the SOLO
taxonomy. Different levels of understanding were defined using appropriate ILO action verbs for both quantitative
and qualitative phases. The quantitative phase focuses on increasing knowledge and included the action verbs
identify and describe. The qualitative phase aims to deepen understanding and included the action verbs explain
and compare. Secondly, in relation to these ILOs, various teaching/learning activities were created and
incorporated in the course. Seeing that learning effectivity rapidly decreases after 15 minutes in class (Biggs &
Tang, 2011), it was decided to implement three different action blocks of 15 minutes in the course where active

learning was encouraged; (1) instructions about the ILOs were given and the trainer presented a multimedia

565



Sichterman, van Ginkel, van Halteren, van Tilborg, & Noroozi

PowerPoint presentation about the different topics of Al; (2) group discussions with peers about statements that
were designed based on the presented content were encouraged; (3) collaborative learning was encouraged where
participants were challenged to work on a real-world scenario in which they had to apply their obtained
knowledge. Thirdly, two types of assessment strategies were incorporated: (1) formative feedback was facilitated
during collaborative learning where participants were encouraged to respond on each other and on questions of
the trainer; (2) summative assessment took place directly after learning, which involved the completion of a test
to establish learning outcomes. The assessment, aligned with the ILOs and teaching/learning activities, was mainly

focused on basic levels of understanding.

Instructional Conditions

Participants were randomly assigned to either the experimental or control condition. In the experimental condition,
participants (n=17) followed the Al course within a full-immersive multi-user VR classroom setting. The VR
learning environment was identical to the learning environment of the control condition and both were constructed
based on the principle of constructive alignment (Biggs, 1996). However, participants (n=10) in the control
condition followed the Al course within a traditional face-to-face classroom setting, in line with Van Ginkel et al.
(2019), who stated that in VR research face-to-face conditions can be considered as strong control conditions.
Each training contained small groups of four to six participants. The trainer was an expert in the topic of the course

and had a lot of experience with teaching and guidance of learners.

Prior to the experiment, participants of the experimental condition were welcomed in a face-to-face setting where
they digitally had to complete demographic questions and the assessment for prior knowledge. After a brief
introduction about the experiment, how to use VR and what to expect about the VR classroom setting and learning
environment, participants were guided to separated rooms where the VR set up was installed. The set up consisted
of a VR headset (Oculus Quest) with combined headphone and microphone that provided spatially enhanced

voiced communication, lip synchronization and head movement.

The VR learning environment was created using photogrammetry and consisted of a realistic setting which
included a U-shaped classroom arrangement and a TV screen in front of the room which was used for the
presentation. Both participants and the trainer entered the VR learning environment as avatars and were able to
move through the environment and sit on chairs using their controllers. During the course, they were able to ask
questions and communicate with each other (e.g. during teaching/learning activities). After the course, participants

completed the summative assessment within a different VR environment.

For the control condition, participant were welcomed in the identical face-to-face setting as the experimental
condition and demographic questions and prior knowledge were completed via digital forms prior to the
experiment. The experiment started with a brief introduction about the study and the traditional classroom setting
and learning environment. This learning environment was identical to the experimental condition and participants
were able to ask questions and communicate with each other during the teaching/learning activities. After the

course, participants completed the summative assessment via a digital form.
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Measurements

This study involves a pre-test post-test design to assess professionals’ learning outcomes. Further, post-tests for
motivation and perceptions towards the learning environment characteristics and classroom setting are

incorporated.

Al-knowledge Test

Firstly, basic knowledge about Al was assessed using two similar multiple-choice tests. The first test was
conducted before the course and aimed to assess prior knowledge (pre-test), while the second test was executed
directly after the course to assess obtained knowledge (post-test). These tests contained six closed multiple-choice
questions that were aligned with the ILOs and teaching/learning activities. An example of a question is: “What
type of learning is not supported by Machine Learning?” (A) Unsupervised Learning (B) Feedback Learning (C)
Supervised Learning (D) Reinforcement Learning. Scores of these tests were established by summing the correct
answers. Regarding validity, the following procedure was executed: To begin with, a concept test was created to
elicit perceptions of the research group. After discussion with the researchers, a new concept version was created,
which in turn was tested in a pilot study with three participants. Findings were evaluated in the research group,
questions were adapted and final versions were created. Cronbach’s alpha reliability coefficients have been

calculated for both pre-test (0.65) and post-test (0.66).

Motivation Questionnaire

Secondly, motivation was assessed directly after the Al course (post-test only) using the Intrinsic Motivation
Inventory (Ryan, 1982). The questionnaire contained five items in total including the following subscales:
interest/enjoyment, pressure/tension and value/usefulness. These items were constructed on a 7-point Likert scale
ranging from 1 (‘I do not agree at all’) to 7 (‘I fully agree’). An example of an item is: ‘I enjoyed doing this course
very much’. Scores of these assessments were calculated by measuring the mean scores of the items for each of
the subscales and reversed scores were taken into account (i.e. for the pressure/tension subscale). Cronbach’s

alpha reliability scores shows an adequate value of 0.85.

Perception Questionnaire

Finally, professionals’ perceptions towards the learning environment characteristics and classroom setting were
assessed (post-test only). The questionnaire contained six closed questions constructed on a 5-point Likert scale
ranging from 1 (‘strongly disagree’) to 5 (‘strongly agree’). These questions were related to the learning
environment characteristics that were constructed based on the principle of constructive alignment (i.e.
instructions, teaching/learning activities and assessment strategies) and the classroom setting. An example of a
closed question is: ‘The aim and intended learning outcomes of this course were made sufficiently clear’. Finally,

evaluations towards the course were assessed with three open questions. These questions were related to major
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strengths and weaknesses of the course, as well as suggestions for improvements. Besides, two additional open
questions were incorporated for participants in the VR classroom setting that were related to physical discomfort

and whether participants would like to follow more similar courses in VR.

Procedure

Prior to the course, participants were asked to complete a digital multiple-choice form to assess their prior
knowledge about Al (pre-test). Directly after the course, participants in the experimental condition had to
accomplish the multiple-choice assessment of obtained knowledge (post-test) in a VR classroom setting that they
could manage using their controller. For the control condition, assessment took place directly after the course via
a digital multiple-choice form. Finally, participants in both experimental and control group conditions were asked
to complete digital forms incorporating items about motivation and perceptions (see Table 1 for an overview of
the experimental procedure).

Table 1. Overview of the Experimental Procedure

Phase Items Description
Pre-test Demographic questions
Assessment prior Multiple choice test Al-knowledge
knowledge Al
Plenary introduction Brief introduction about the experiment and the classroom

setting. Participants in the VR condition received an additional
explanation about the use of VR.

Experiment Al course; instructions, In groups of 4-6 participants within the (1) VR classroom
group discussion and setting or (2) traditional face-to-face setting

collaborative learning

Post-test Assessment obtained Multiple choice test Al-knowledge
knowledge Al
Measurement motivation Intrinsic Motivation Inventory Questionnaire (IMI)
Measurement perception Questionnaire about perceptions towards learning

environment characteristics and classroom setting

Data Analysis

At first, paired samples t-test analyses were conducted to verify whether participants significantly developed their
cognition towards the principles of Al (progress between pre-test and post-tests). Then, independent-sample t-
tests were applied to determine potential differences in impact, between the experimental and control condition,
on learning outcomes. Motivation and perception - assessed with closed questions - and differences between the
two groups were analyzed using independent-sample t-tests. Regarding open questions about perception,
inductive thematic analytical techniques were executed including descriptive statistics (Braun & Clarke, 2006).

Substantial agreement (Cohen’s Kappa = 0.77) about the thematically coded responses of these open questions
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between two researchers was ensured.

Results

This section describes the results relating to the impact of the constructively aligned learning environment in the
VR condition and traditional classroom condition on professionals’ learning outcomes that is the Al knowledge.
Further, motivation and perceptions of professionals relating to the learning environment characteristics and

classroom setting are reported.

The Impact of the Learning Environment on Learning Outcomes

A paired-sample t-test revealed significant improvements in overall learning outcomes from pre-test (M = 2.33,
SD = 1.44) to post-test (M = 3.74, SD = 1.02), t(26) = 4.51; p < .001. This significant improvement was observed
across both conditions (see for details Table 2). Additional analysis showed no significant differences between
these two groups, t(25) = -0.22; p = .83.

Table 2. Mean Scores, SDs and N related to Learning Outcomes for the Traditional and Virtual Reality

Classroom Conditions

Variable Condition Pre-test Post-test Mean difference

Learning outcome  Traditional classroom

Mean 2.20 3.70 1.50*
SD 1.75 1.16 1.90
N 10 10 10
Virtual reality classroom

Mean 241 3.76 1.35**
SD 1.28 0.97 1.50
N 17 17 17
Total

Mean 2.33 3.74 1.41**
SD 1.44 1.02 1.62
N 27 27 27

*p<.05**p<.01

The Impact of the Learning Environment on Motivation

Independent-sample t-tests showed no significant differences in motivation between conditions (see for details
Table 3). Firstly, the interest/enjoyment subscale revealed substantially sufficient motivational outcomes for both
the VR (M = 5.09, SD = 1.14) and traditional (M = 5.65, SD = 0.71) classroom setting, t(24) = -1.38; p = .18.
Secondly, scores of the pressure/tension subscale revealed that participants in both the VR (M =5.19, SD = 1.52)

and traditional (M = 5.90, SD = 1.10) condition experienced no significant pressure/tension difference between
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the two groups, t(24) = -1.29; p = .21. Finally, the value/usefulness subscale showed no difference between VR
and traditional settings. Both professionals in the VR (M = 5.09, SD = 0.97) and traditional (M = 5.00, SD = 1.05)

classroom setting experienced the course as substantial valuable and useful, t(24) = 0.23; p = .98.

Table 3. Mean Scores, SDs and N related to Motivation for the Traditional and Virtual Reality Classroom

Conditions
Subscales Traditional classroom  Virtual reality classroom Difference between conditions
Interest/enjoyment
Mean 5.65 5.09 -0.56
SD 0.71 1.14 0.40
N 10 16 26
Pressure/tension
Mean 5.90 5.19 -0.71
SD 1.10 1.52 0.55
N 10 16 26
Value/usefulness
Mean 5.10 5.50 0.40
SD 1.05 1.00 0.41
N 10 16 26

Perceptions towards the Learning Environment Characteristics and Classroom Setting

Independent-sample t-tests for closed questions considering perceptions revealed no significant differences in
perceptions towards the learning environment characteristics that were designed based on the principle of
constructive alignment (i.e. ILOs, instructions, teaching/learning activities and assessment strategies) with
substantially sufficient mean scores for each of these elements, see for details Table 4. However, professionals in
the VR classroom setting experienced the setting as less pleasurable (M = 3.50, SD = 1.27) compared to
professionals in the traditional classroom setting (M = 4.40, SD = 0.70), t(24) = -2.33; p < .05.

Thematically coded responses to open questions with regard to perceptions are represented in Table 5. Firstly,
regarding major strengths of the course, eighteen professionals in total reported that the course was well-structured
and instructions were clearly understandable. Additionally, several professionals in both conditions described
their satisfaction about the group interaction (i.e. the interaction between peers and the interaction of the teacher
with the group). Lastly, professionals in both conditions experienced the learning environment as satisfying and
enjoyable. To illustrate, professionals in the VR classroom mentioned: “I experienced a sense of being in the

virtual environment with my peers” and “The VR classroom setting was highly enjoyable”.

Secondly, according to questions about the major weaknesses of the course, many participants reported
complications related to the setting. The majority of these participants were in the VR classroom setting and

described issues as technical instability (e.g. audio problems and Wi-Fi connections) and unfamiliarity with the
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setting. Further, the minority of professionals of the VR classroom setting highlighted shortcomings related to
features of VR (e.g. missing facial expressions) which affected perceptions of group interaction and the
performance of group discussions. To illustrate, a quotation of a professional in the VR condition follows: “There
were some moments that people started speaking at the same time, which also frequently occurs during online
video conferencing. This slightly affected the group interaction at some moments during group discussions.”.

Besides, one professional in the traditional classroom described a weakness related to the presentation of content.

Table 4. Mean Scores, SDs and N related to Perceptions for the Traditional and Virtual Reality Classroom

Conditions
Items Traditional Virtual reality Difference between conditions
classroom classroom

1. The aim and intended learning outcomes of this course were made sufficiently clear.

Mean 4.30 4.56 0.26
SD 0.82 0.63 0.29
N 10 16 26
2. Instructions were clearly understandable.
Mean 4.60 4.50 -0.10
SD 0.52 0.52 0.21
N 10 16 26
3. The learning activities (e.g. case and statements) helped me to understand the course content.
Mean 4.20 3.75 -0.45
SD 1.03 0.86 0.38
N 10 16 26
4. Questions in the assignment were clearly written and understandable.
Mean 4.00 4.50 0.50
SD 0.94 0.52 0.29
N 10 16 26
5. Instructions, learning activities and assignments usefully complemented each other.
Mean 4.50 4.38 -0.13
SD 0.53 0.81 0.29
N 10 16 26
6. | experienced the classroom setting as pleasurable.
Mean 4.40 3.50 -0.90*
SD 0.70 1.27 0.39
N 10 16 26
*p<.05

Thirdly, suggestions for improvements included all different kinds of aspects. In line with reported complications
due to the setting, the majority of professionals in the VR classroom condition described improvements related to
these issues (e.g. facilitation of technical stability). Additionally, professionals in both settings reported
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improvements for group interaction and discussions. For the VR classroom setting, these improvements were
related to VR features, such as incorporating hand movements and facial expressions, while others argued that
interactivity of the learning environment could be improved. Besides, some participants in both conditions made

suggestions for the presentation of content and duration of the course.

Table 5. Responses related to Open Questions about Perceptions for the Traditional and Virtual Reality

Classroom Conditions

Evaluation questions Traditional Virtual reality
classroom classroom
Number of Number of
professionals professionals

What are the major strengths of this course?

Well-structured course with clearly understandable 6 12
instructions

Satisfying group interaction 3 4

Enjoyable and satisfying learning environment 2

What are the major weaknesses of this course?

Complications due to the setting 3 14
Unsatisfying group interaction 0 3
Presentation of content 1 0

What improvements would you make for this course?

The setting 3 11
Group interaction and interactivity 1 3
Presentation of content 1 3
Duration of the course 2 1
Did you feel any physical discomfort related to travel sickness during the course?

No physical discomfort - 14
Some physical discomfort - 2
Would you follow more courses in virtual reality?

Yes, but only when it is not possible to meet each - 3
other in person.

Yes, valuable due to (potential) features of VR and - 10
setting.

Yes, but only if it is used as an additional tool in - 1
education (no replacement of courses).

No, | prefer a face-to-face setting. - 2

Finally, two additional questions were included for the VR classroom setting. One of these questions was related
to physical discomfort associated with travel sickness. While the majority of participants did not report any

physical discomfort, two of them experienced light headache and eye strain. The second additional question for
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participants in the VR classroom setting was about whether they would like to follow more course in VR. Ten of
the participants explicitly agreed with this due to (potential) features of the VR technology and the setting (e.g.
high efficiency concerning travel times). For example, it has been stated by one of the professionals that: “The
course in this VR learning environment is very valuable within the context of professional practice. It almost felt
like a real physical meeting.” Others suggested that they are open to this, but only when it is not possible to meet
each other in person (e.g. due to geographical barriers or in case of disease) or as an additional tool in current
educational approaches. Lastly, a couple mentioned that they prefer a traditional face-to-face setting over the VR

classroom setting.

Discussion and Conclusions

This field experiment aimed to explore the impact of an one-day introductory Al course, designed based on the
principle of constructive alignment (Biggs, 1996), in a full-immersive VR classroom setting on knowledge,
motivation and perceptions of professionals. Results of this study reveal improved learning outcomes for both the
VR and traditional classroom setting from pre-test (before training) to post-test (after training) with no difference
between the two conditions. Further, participants in both conditions showed comparable motivational outcomes
towards following the course within the setting. Additional questions about perceptions towards the fundamental
learning environment characteristics, that is instructions, learning activities and assessment strategies, showed that
these elements are perceived by participants as highly positive and useful in both conditions. From a scientific
perspective, this finding indicates that the principle of Biggs (1996) is effective for learning independent of
classroom setting (VR or face-to-face). Additionally, based on professionals’ perceptions, the constructively
aligned learning environment might be further encouraged by making use of specific VR features. In order to
increase the interactivity within the VR environment, professionals could, for example, - as a learning activity -
verify whether a robot in VR behaves according to the tested Al formula by the learner (Segura et al., 2020).
Another suggested improvement relates to increasing the degree of realism of nonverbal communication in VR
by using devices aimed for facial expressions and hand movements that resemble human interaction (Li et al.,
2019; Lou et al., 2020). From a societal perspective, adopting VR learning environments in future education seems
to have promising practical benefits as participants highlighted the efficiency relating to travel times, geographical
barriers and in case of disease. Besides these potentials of the VR classroom, a number of shortcomings regarding
the setting need to be considered for practice and research, since professionals reported complications about

technical instability, as network dropouts and audio problems, and unfamiliarity with the setting.

A fundamental finding of this study is the significant improvement in learning outcomes with no difference
between the experimental and control condition. This result can be substantiated by several arguments. Firstly,
the learning environment incorporated in this study was designed based on the principle of constructive alignment
(Biggs, 1996). Earlier studies have shown that this principle is highly effective in traditional teaching approaches
(Joseph & Juwah, 2012; Van Ginkel et al., 2015a). The present study confirms these findings with the established
improvement in learning outcomes of participants in the traditional face-to-face setting. Moreover, seeing the lack
of difference in learning outcomes between the two conditions, it is suggested that the implementation of the

principle of constructive alignment in VR learning environments seems to be as effective as in traditional teaching.
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This finding is supported by professionals’ perceptions towards the learning environment characteristics that

turned out to be more than substantial for both conditions.

Secondly, both the traditional and VR learning environments involved the presence of a teacher. According to
previous literature, teachers have a crucial role in professionals and students’ learning processes. For example,
the teacher has been shown to play a fundamental role in providing instructions to professionals (Graeser et al.,
2014; Khanal et al., 2014). Further, the expert has an essential impact on learning when providing verbal feedback
(Van Ginkel et al., 2015b) and facilitating peer feedback (Van den Berg et al., 2006). Moreover, teachers are
described to be a role model for students (Van Haaren & Van der Rijst, 2014). Concerning the role of the teacher
in the present study, the expert fulfilled a similar function (i.e. presented instructions, provided verbal feedback
and encouraged peer feedback during learning activities) in the experimental and control condition. As a
consequence, the teacher might have encouraged professionals’ learning processes — and as a result their learning

outcomes — in both conditions similarly.

Thirdly, another argument concerns the motivational outcomes. Motivation is an intermediate psychological
factor (Biggs, 1993) that positively influences learning in traditional (Biggs & Tang, 2011) and VR environments
(Lee et al., 2010). In this study, professionals in both conditions were substantially motivated to follow the course
within the setting, without a difference between the two groups. Based on this result, it is suggested that this
intermediate factor might have driven similar learning processes in professionals resulting in comparable learning

outcomes between conditions.

There are several limitations to this study. The first limitation concerns the small sample size. This field study
demonstrated a significant impact on learning outcomes without a difference between the two selected conditions.
Although the VR classroom can be considered as a promising setting in future learning arrangements, caution
must be taken for interpreting these results given the small sample size. Therefore, research with larger sample
sizes is recommended and may allow more substantiated conclusions about the impact of VR versus face-to-face

environments.

The second limitation is professionals’ unfamiliarity with using VR technology (Hew & Cheung, 2010; Van
Ginkel et al., 2019). Based on the perceptions, several participants highlighted the lack of experience while
learning in VR settings. This so-called unfamiliarity, as previously addressed by other studies on innovative
technologies and learning (Hew & Cheung, 2010; Van Ginkel et al., 2019), could have influenced both the impact
on learning outcomes and motivation as well as the perceptions towards the use of such an innovative technology.
This finding corroborates with earlier studies suggesting that research and practice should focus more on training
directed to familiarizing participants with the VR technology prior to their learning task (Makransky, Borre-Gude,
et al., 2019; Van Ginkel et al., 2019). In retrospective, participants in this study only received a brief introduction
about how to use VR and what to expect about in a VR setting. For future studies, it is recommended to incorporate
training programs that sufficiently familiarizes participants with VR before entering the learning environment.
Characteristics of such programs include: (1) instructions on VR, (2) practicing smaller learning tasks in such an

environment and (3) how to provide feedback and conduct assessments on making use of these systems.
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The third limitation concerns the lack of certain nonverbal communication aspects during collaborative learning
tasks in VR. The present study actively incorporated several verbal and nonverbal communication aspects that
play an essential role in social interaction in daily life as well as in VR. Examples refer to synchronous
communication supported by lip synchronization (Laister & Kober, 2002) and postures (Smith & Neff, 2018).
However, consistent with previous perceptions towards collaborative learning in VR (Sasinka et al., 2019; Smith
& Neff, 2018), some participants of the VR classroom setting in this study described that the learning experience,
especially for group interaction, might be improved by incorporating other nonverbal communication aspects such
as facial expressions and hand movements. Another study that also failed to incorporate facial expressions and
hand movements reported lower levels of social awareness compared to face-to-face interactions (Smith & Neff,
2018). However, it is unknown whether this might have negative consequences for participants’ learning
processes. Interestingly, Chan et al. (2019) developed a theoretical model about collaborative learning in VR
environments that is focused on nonverbal communication features such facial expressions and hand movements.
This research suggests that if these features are incorporated, it positively affects participants’ perceptions which
could potentially lead to enhanced motivation and higher learning outcomes (Chan et al., 2019). Further, follow-
up experimental studies are needed to validate this theoretical assumption and evaluate whether additional
nonverbal communications aspects, such as facial expressions and hand movements, will improve motivation and

learning outcomes in collaborative learning environments.

To evaluate the quality of this research, reliability and validity have to be taken into account. Firstly, acceptable
internal reliability scores of the instruments for learning outcomes and motivation have been determined in this
study. Additionally, the interrater reliability was calculated for the thematically coded responses on open
evaluation questions. This measurement turned out to be more than sufficient and therefore substantial agreement

between researchers was ensured.

On the subject of validity, the following aspects are noteworthy to highlight for future studies including ecological
validity, construct validity, internal validity and external validity. Firstly, the ecological validity in this study is
high since the field experiment has been conducted in a realistic learning environment. Moreover, the training
was designed based on the principle of constructive alignment that has been shown to be effective in teaching
practice (Joseph & Juwah, 2012; Van Ginkel et al., 2015a). Secondly, construct validity in this study is ensured,
because the items within the cognition and perception instruments are directly related to the principle of
constructive alignment, i.e. the alignment between instructions, teaching/learning activities and assessment
strategies (Biggs, 1996; Biggs & Tang, 2011). Further, the validity of the Intrisic Motivational Inventory has been
reported by other researchers (McAuley et al.,1989). Thirdly, the internal validity in this study is strong. The
present study incorporated a pre-test post-test design for learning assessment and post-tests for motivation and
perception that were conducted directly before and after the training. This approach limits interference of variables
(e.g. mental changes) in individuals over passage of time that could interact with the learning outcomes and
motivation (Dimitrov & Rumrill, 2003). Further, the prevention of a potential bias between conditions was ensured
by randomly assigning participants over both groups. As well, additional analysis revealed no differences in prior

knowledge between the two conditions. Finally, with regard to the external validity of this study, it remains
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questionable to what extend the results can be generalized to other contexts. The present study has shown that
participants can significantly develop their learning in the VR learning environment. However, it remains
questionable whether the same progress in learning outcomes and substantial levels of motivation and perceptions
are evident in VR settings at home. Another point concerns the extent to which the results of this study can be
demonstrated in other contexts as well, such as higher education. Previous studies demonstrated the efficiency of
VR learning environments in higher educational contexts (Alfalah et al., 2018; Makransky et al., 2020;
Rupasinghe et al., 2011; Stepan et al., 2017; Van Ginkel et al., 2019). However, these studies only focused on
particular learning environment characteristics. Therefore, it is recommended for future studies to determine
whether a constructively aligned VR learning environment provides a similar effect on learning outcomes,

motivation and perceptions in higher education.

Suggestions for Future Research

Based on the limitations, discussions and recommendations for future studies, several suggestions for new
research directions are proposed. Firstly, it is recommended for future studies to investigate whether the
implementation of VR features proposed by the professionals of this study, such as interactivity and nonverbal
communication, enhance learning, motivation and perceptions. To start with, earlier studies showed that
incorporation of learning activities with high levels of interactivity within a VR environment (i.e. the ability to
interact and manipulate simulated biological mechanisms) significantly improve students’ learning of science-
related concepts (Lamb et al., 2018). In line with this, it might be interesting for future research to implement
similar interactive learning activities covering the topic of Al (such as the ability to manipulate self-coded robots)
within a constructively aligned VR learning environment (Segura et al., 2020). Besides, other studies should focus
on VR features that include nonverbal communication aspects, as specifically addressed by participants in this
study. Implementation of these nonverbal communication features has the potential to enhance the quality of
interaction in learning activities (e.g. group discussions) and feedback strategies (e.g. peer feedback) in a

constructively aligned learning environment (Li et al., 2019; Lou et al., 2020).

Secondly, it is recommended for future research to concentrate on the different demographic characteristics of
learners. Previous studies have shown that there are differences between males and females in perceptions towards
collaborative virtual worlds. For example, males experienced a stronger sense of physically being involved in the
virtual environment compared with females (Felnhofer et al., 2014). Additionally, higher levels of engagement in
social interactions within the collaborative environment were observed in males compared to females, which was
related to differences in beliefs about the nature of the virtual world (Seo & DeNoyelles, 2012). However,
perception is an intermediate variable in the learning process (Van Ginkel et al., 2015) and Seo and DeNoyelles
(2012) claimed that the differences between males and females in perceptions affected learning. Moreover, it
seems that differences in educational backgrounds also affect learning processes in VR (Belboukhaddaoui & Van
Ginkel, 2019). Therefore, future studies should focus on different characteristics of learners (e.g. gender, age,
background) that potentially affect perceptions and learning outcomes. Moreover, these insights might contribute
to the development of personalized learning environments, which has been an observed trend in education (Xie et
al., 2019).
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Finally, it is proposed for future research to investigate the potentials of the replacement of teachers by artificial
virtual experts to overcome educational challenges as time constraints and teacher shortages. Some researchers
effectively replaced the teacher by a computer-driven agent within particular learning environment characteristics
of teaching programs. For example, the replacement of a teacher by artificial virtual experts within the instructions
of science-based study programs turned out to be effective for learning (Li et al., 2016; Makransky, Mayer, et al.,
2019). Interestingly, it is suggested that the design of artificial virtual experts might be gender specific (Makransky
et al., 2018). Besides, the delivery of computer-mediated feedback was as effective for learning as feedback
provided by an expert (Van Ginkel et al., 2019, 2020). Even though the examples demonstrated a significant
progress in learning while replacing the teacher by a computer-driven agent, these studies did not apply
constructive aligned learning environments. Therefore, future research should focus on the replacement of a

teacher by an artificial virtual expert in certain learning activities within a constructively aligned VR environment.
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