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Abstract

Practitioners including designers and teachers
developing Virtual Reality (VR) courses are facing a
question regarding the strengths and subject areas in
which VR-enriched courses might have the highest
potential compared to conventional courses. The
present study develops a survey scale to assess and
match industry managers’ requirements for skills for
working life. The same scale was surveyed among two
different groups of higher education students
participating in conventional courses and a VR-aided
course. The results indicate that the industry
requirements were higher than met by the both course
types. However, the results highlight a set of skills for
which the VR courses have the highest potential
compared to conventional courses. These skills
include self-monitoring, independent thinking and
understanding, adapting and applying new ideas into
practice as well as creativity as a latent class theme.
The paper discusses example designs based on these
skills whose development is suggested to be included
in the future VR course designs.

1. Introduction

The concept of affordances is widely applied in
both Information System (IS) research and educational
research. By definition, affordances are not only
system properties but rather relations and dynamic
interactions between the system and its users [1].
Bernhard et al. [2] describe the affordances as a
process consisting of four stages: affordance
existence, affordance  perception, affordance
actualization and affordance effect. This classification
was also applied in a literature review by Pozzi et al.
[3] to categorize the existing affordance literature. The
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literature review concludes that the majority of the
existing research is describing various system features
as potential for action, hence concentrating on the
affordance existence phase [3].

Inspired by the literature review by Pozzi et al. [3]
we conducted a similar review in this study, but with
the focus on the Virtual Learning Environments
(VLES). According to Dillenbourg et al. [4], VLE is a
designed information and social place varying from
text to immersive 3D worlds. VLEs are not restricted
to distance education and they integrate heterogeneous
technologies, multiple pedagogical approaches and
overlap with physical environments. Virtual Reality —
based Learning Environment (VRLE) is a
specification of VLE where the technology is Virtual
Reality (VR). VR is defined by Milgram and Kishino
[5] as an artificial, computer-generated environment
where users can interact with the environment. In this
study when we talk about VR, we refer to an
environment and technology that is consumed with
head-mounted displays (HMDs).

Our literature review findings are in line with
Pozzi et al. [3] showing that the most of the VLEs
affordance research is concentrating on the affordance
existence phase, but there is also research describing
the other phases of the affordance process. However,
what is missing is using the affordances concept as a
guiding principle in the design. According to the
definition, the Design Science Research (DSR) aims
to invent new designs and means to improve the
existing systems [6, 7]. The strength of DSR in IS
science is its multidisciplinary and holistic approach in
creating and testing new techniques and technologies
[8]. DSR develops theoretically grounded and field-
tested socio-technical artifacts, including constructs,
models, methods, instantiations or design theories [9,
10]. Further, the accumulating design knowledge
guides researchers and practitioners including
designers, developers and managers among others on
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how to build innovative solutions to important
problems [10]. Considering the research gap identified
in the literature review and definition for the DSR, the
objectives of this study are 1) introducing new means
to apply the affordances concept as a design method,
and 2) to introduce theoretically grounded and field-
tested artifacts and a system design framework to
develop VLEs.

In order to fulfill these objectives, first, we adopt
the Cognitive  Affordances of Technologies
framework (CAT) [11]. Adopting the CAT
framework, we developed a survey to evaluate
manager-level industry company workers around the
globe (forest harvester manufacturer) and their
perceptions about the skills for working life most
crucial in their work. The same survey was adopted to
evaluate higher education students on courses
preparing for similar manager level industry positions
that were surveyed earlier. One of these courses was
a Virtual Reality (VR) -aided course on machinery.

Our study introduces a design science research
method based on the affordance framework,
applicable in future research and development of
VLEs. The study results also pinpoint skills that the
conventional courses are lacking the most, as well as
skills the VR courses have the highest potential in
promoting. All this can help practitioners, including
designers and teachers, developing VR courses and
reflecting on what the strengths and subject areas are,
or in what contexts VR might have the highest
potential compared to conventional courses.

2. Literature review

Bernhard et al. [2] describes the affordances as a
process: affordance existence, affordance perception,
affordance actualization and affordance effect. Our
literature review introduces VLE affordances
literature referring to the affordance process.

Starting by the definition for affordance
existence, Gibson [12] described that the affordances
are natural relationships between the reality and users.
Furthermore, while the affordances exist naturally,
they are not necessarily visible, known or desired.
Norman [13] differentiates between real and perceived
affordances, arguing that until the affordance is
perceived there is no utility for users. This conforms
with Bernhard et al. [2] separating affordance
existence before perception. According to the
literature review by Pozzi et al. [3] considering the
general affordances literature, most of the studies
belong to this group. This group of literature
introduces various technology and system features and
what they might afford the users.

In terms of VLE studies considering affordance
existence, Dalgarno and Lee [14] introduce the
affordances, or “potential learning benefits of three-
dimensional virtual learning environments” in their
words. Based on their literature review they suggest
that representational fidelity, learner interaction,
construction of identity, sense of presence and co-
presence afford various learning tasks (actions) which
further lead to outcomes such as spatial knowledge
representation, experiential learning, increased
motivation and engagement, contextual learning and
collaborative/social learning. They contend that
research and development of VLES concentrate more
on their unique characteristics and learning benefits.
Similarly, technical, immersive and social dimensions
[15] as well as collaborative learning, avatar
representation and learning space awareness [16] were
identified affordances in conceptual assessments of
Second Life VLEs. Like these examples, common for
the studies in the affordance existence category is that
they are theoretical or conceptual in nature. In
addition, there is a bunch of VLE studies describing
various system and technological features as potential
for actions (e.g. [17, 18]. What is missing in the VLE
affordance field are empirical studies considering also
the factors behind the affordance existence such as
technology features as well as organizational goals and
expertise identified in the general affordance research
[19, 3, 20].

According to Greeno [21], the affordance
perception includes external physical and internal
mental processes. The following studies included in
this category concentrate on user perceptions and
related processes, but they also might consider actions
or behaviors to a minor extent.

Bhargava et al. [22] compared perceived real life
and VR affordances in terms of movement and
passability. Their results suggest that the perceived
affordances are similar in both environments.
However, participants required more dynamic
information, i.e. movement, in VR to reach the same
level of perception about the environment and its
affordances. In other words, this study suggests that
while in the real life we can stand still and perceive
affordances from the surroundings, in VR we have to
move and gather more sensory effects and information
before we can reach the same level of understanding.
This study suggests that movement in VR can be a
factor affecting affordance perception, while lack of
movement or incapability to move is a restriction.
Furthermore, Volkoff and Strong [19] suggest that
affordance can have a dual role enabling or restricting
perceptions and further actions.

Leyrer et al. [23] showed in their experiment that
the use of an avatar and eye height in VR have a
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significant effect on the perceived dimensions and
distances in VR. This implies that the affordance
perception can be affected by these factors. Lin et al.
[24] concluded that the inclusion of avatar contributes
to more realistic perceptions and actions.

In a somewhat different VLE study by Chen et al.
[25] they trained a computer using recording from 12
hours of human driving in a video game. Their
algorithm considered mediated perception, direct
perception and behavior reflex and this model made a
good fit in various virtual driving environments. The
result suggests that the affordance process [2], might
also include different dimensions for affordance
perception including mediated and direct perception.
Similarly, also cognitive psychology [21, 26] suggests
that there might be indirect and direct perceptions
before actions are taken. In addition, Gibson [27]
suggests that perception-action can be a loop where
actions can lead to new perceptions etc.

Therefore, in order to form a holistic picture about
the affordance dynamics, different phases of the
affordance process should be considered. For
example, a study by Alshaer et al. [28] aimed to
explain the factors behind perception, actions and
outcomes in the context of VR-based driving
simulators. In an experiment comparing HMDs and a
monitor, the use of HMDs and immersion both
affected perception and actions. In addition, users’
ability to look around affected their actions and
outcomes (i.e. performance). They also recognized
that perceptions and actions can be misaligned or
conflicting. Finally, they reported that presence is
affected by all controlled variables including display
type, ability to look around and inclusion of avatar.

In another study considering both perception but
also actualization, Grechkin et al. [29] found that
locomotion (walking vs. joystick) affected users’
perceptions, but the display type (CAVE vs. HMD)
did not. However, eventually both locomotion and
display type had an effect on behavior and decision to
take actions.

In terms of the affordance actualization, Greeno
[21] suggests that affordance perceptions are
preconditions for any activity and behavior or
decisions not to act. A study by Karahanna et al. [20]
provides empirical evidence that the fulfillment of
psychological needs drives people to act and use
affordances enabled by the technological features.
Actions taken also in most of the cases fulfill the
psychological needs and thus these needs are
important factors for actions. As an example of VLE
studies in this category, Hong et al. [30] found in their
experiment that the VLE avatar facilitates search for
useful functions, exploratory creativity as well as

analysis and evaluation of functionality and
usefulness.

Invitto et al. [31] compared training sessions and
grasping things in real life and in VR i.e. grasping
affordances. According to their findings, grasping
things in VR create more visual brain activity and less
attention and action planning activity compared to the
real-life condition. This can imply that users do not
pay attention to or contemplate their actions as well in
VR compared to real-life. This implies that users are
more uninhibited to take actions in VR also suggesting
higher actualization rate in VR compared to real-life
situations.

Dalgarno and Lee [14] surveyed teachers on
students’ VLE use. They found that three-dimensional
virtual environments generated activities such as place
and concept exploration, task practice, role play,
gaming, instruction, communication and students were
building or scripting stuff or creating and using slide
shows and machinimas. Their results also suggest that
the learning activity “instruction” led to learning
outcomes or benefits including place familiarity and
motivation and engagement.

According to a literature review on multi-user
virtual environments, Mantziou et al. [32] propose free
navigation, creation, modeling and simulation,
multichannel communication, collaboration and
cooperation and content presentation and/or delivery
as affordances (existence) which furthermore can
generate learning activities including content creation,
content exploration and interaction with content,
social interaction, gaming, participation in
representations of real-life events and situations.

The actions and behaviors generate some kind of
effects which further can be categorized in short- and
long-term outcomes [33]. The outcomes can also
include enabling conditions for additional affordances,
development of additional IS features as well as
organizational changes [19].

In terms of VLEs, Girvan and Savage [34] found
that the Second Life VLE generated affordance
outcomes that are aligned with the Communal
Constructivism -learning approach. The results of Tsai
et al. [35] suggest that VRLE media richness can
contribute to perceived visibility and further on an
intention to learn as an outcome. On the other hand,
VRLE interactivity contributes to perceived
compatibility but having no correlation to the intention
to learn. Zheng et al. [36] studied affordance for
collaborative learning as outcome. They build their
findings based on a literature review and suggest that
interaction, imagination and immersion are the
technological features creating actions such as social
interaction, knowledge construction and resource
sharing. All this can generate collaborative learning.
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Diaz et al. [37] concluded that there are no differences
between high and low fidelity HMDs on users’
satisfaction and experience or in spatial and
experiential learning which they considered as
outcomes.

3. Theoretical framework

We identify the research gaps in the current VLE
affordance research by considering the requirements
and prospects provided by the DSR. First, considering
the requirement of DSR about the holistic system
approach [8], we can say that the current VLE studies
are rarely considering the whole affordance process.
However, we must admit that such a holistic approach
is difficult to carry out, and also outside our research
scope, as our study considers mainly the affordance
existence and perceptions.

Another requirement for DSR about inventing
new designs and means to improve the existing
systems [6, 7] is also not addressed among the existing
VLE affordance studies, as the research field lacks
experiments or comparisons identifying the unique
features of VLEs compared to conventional
approaches. In terms of ways to improve the existing
systems, the research field lacks adoption and
development of design methods. Our study will
contribute to these issues as we compare conventional
courses, a VR-aided course and working life
requirements as well as apply and develop an
affordances scale as a design method.

The literature review revealed a lack of empirical
research developing models and structures explaining
the VLE affordance process, i.e. existence, perception,
actualization and effects. As the main purpose of DSR
is to explain how to build innovative solutions to
important problems [10], also modelling has an
important role in this development process [6]. Our
study will contribute by distinguishing some factors
behind the affordance existence and perception.

We also learned that among the VLE affordance
studies, the artifact designs are rarely theoretically
grounded and field-tested as typical for DSR [9, 10].
Field testing can reveal some unexpected results also
in terms  of restricting nature of affordances [19], a
dimension that was only slightly researched
previously. Our study builds on field-testing an
instrument based on the CAT framework [11]. The
original CAT framework and scale was developed to
be used for identifying what kind of cognitive
affordances the observed technology-supported
learning environment provided, and it consists of
seven categories including experimental learning,
discourse/dialogic learning, supportive learning,
learning by doing, critical thinking, conceptual change

and self-requlated learning [11]. Each category
consists of four to nine cognitive criteria (a total of 47
cognitive criteria), which were adapted to fit our study
context.

Considering  these gaps and  research
contributions, the objectives of this study are 1)
introducing new means for the application of the
affordances concept as a design method, and 2) to
introduce theoretically grounded and field-tested
artifacts and a system design framework to develop
VLEs. These objectives also fulfill the research
question puzzling many practitioners including
designers and teachers developing VR courses in the
field: What are the strengths and subject areas in which
VR courses might have the highest potential compared
to conventional courses?

4. Data and methodology

The data were collected by an electronic
questionnaire from three groups: 1) manager-level
industry company workers around the globe (forest
harvester manufacturer) (n=57), 2) conventional
engineering courses in four different European
Universities (n=49), 3) a VR-aided course on
machinery in one Finnish University of Applied
Sciences (n=32). The electronic questionnaire
consisted of demographic background questions and
the CAT instrument with seven scales: experimental
learning (9 items), discourse/dialogic learning (4
items), supportive learning (7 items), learning by
doing (5 items), critical thinking (5 items), conceptual
change (9 items) and self-regulated learning (8 items)

The conventional engineering courses included
elements such as web-based instructions, assignments
and references as well as face-to-face lectures and
group work. Some courses had industry cases on
which the students worked for solutions in terms of
circular economy and value engineering. In addition to
those, the VR-aided course included a VR application
which was used by the students in small groups. The
application included assembly and disassembly of a
piece of industry machinery at the same time hearing
and reading about the processes and functionalities.
Each student experienced the application individually
in VR with the HMD. At the same time, other students
in the group followed and discussed what they saw on
the computer screen (the same view played in the
HMD) or what they just experienced themselves in
VR.

The motivation behind selecting these groups was
to set the goal level for teaching and developing the
working life skills (Group 1). In addition, the
conventional courses were evaluated to set the
benchmark level (Group 2), while Group 3 was
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evaluated in order to pinpoint those areas where the
VR-aided course design could better meet the
requirements for skills for working life. In other
words, the research setting and method followed the
idea and interest to find out those areas of skills for
working life where the conventional courses and VR-
aided courses differ from each other, and on the other
hand, where one of these courses are able to meet the
working life standards.

For the total sample (n=138), we conducted
exploratory factor analysis (Maximum Likelihood,
Pro-max rotation) to reduce survey items and
dimensions introduced in the initial CAT-framework

difference only between one conventional course and
the VR-aided course (but not between VR and other
conventional courses).

5. Results

Table 1 presents the results of exploratory factor
analysis with Maximum likelihood estimation and
Promax rotation methods. Cross-loadings with a
difference less than 0,2 and loadings under 0,5 were
removed resulting a four-dimensional latent factor
structure. The four dimensions for working life skills
were named as Intrapersonal, Cognitive, Creativity

Table 1 The four dimensional structure on the explanatory factor analyses representing the latent factors of skills.

Item Name

Time management

Creating strategies

Self-motivation

Setting goals

Monitoring self and own work e.g. book-keeping
Synthesizing e.g. combining things and solutions
Analytical thinking

Critical thinking

Searching information

Independent thinking and understanding
Presenting new ideas with practical examples
Adapting and applying new ideas into practice
Hands-on-work and performance

Practical skills and expertise

Eigenvalue

Explained variance %

Cronbach’s alpha

Intrapersonal  Cognitive  Creativity Practicability
0,95
0,88
0,69
0,65
0,52
0,90
0,68
0,65
0,65
0,52
0,93
0,79
0,85
0,72
6,11 1,37 1,24 1,17
43,61 9,76 8,85 8,33
0,88 0,82 0,85 0,77

as well as to identify the latent factor structure [38].
In order to find out difference between the subject
groups we adopt a non-parametric Kruskal-Wallis
method to make comparisons between all three subject
groups and Mann-Whitney method to make pairwise
comparisons [39]. These comparisons are made on
both reduced number of survey items as well as
extracted latent factors. As the conventional courses
were four different courses in different universities,
we also tested the differences between these
institutions. Non-parametric comparisons revealed
that in terms of items “Searching information” as well
as “Independent thinking and understanding” the
courses were not identical. The first item was
significantly different between two conventional
courses, whereas the second item showed significant

and Practicability. All eigenvalues are above 1 and
Cronbach’s alphas above 0,77 indicating good
reliability and consistency among the latent factors.
With the reduced CAT framework, all the items
were compared between the groups. Figure 1 presents
group-wise Kruskal-Wallis and pair-wise Mann-
Whitney test results with statistically significant
differences (I, C, VR, p=0,05). The results indicate
that the industry managers’ requirements for skills for
working life are in all cases higher than met by the
course designs. Industry requirements  were
statistically significantly higher compared to both
course designs in the case of time management, self-
motivation, synthesizing, searching information, and
in practical skills and expertise. These are the skill
training areas that both conventional and VR-aided
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Figure 1. The reduced CAT framework items and significant differences (p=0,05) among three subject
groups including industry, conventional courses and a VR-aided course design.

courses should develop. In addition, the conventional
course designs were significantly behind the industry
requirements in the fields of creating strategies, setting
goals, self-monitoring, analytical thinking, critical
thinking, independent thinking and understanding,
presenting new ideas with practical examples,
adapting and applying new ideas into practice as well
as in providing hands-on-work and performance
training. These are the fields where conventional
course designs are critically bending the industry
working life requirements. In three skill-fields named
self-monitoring, independent  thinking and
understanding as well as in adapting and applying new
ideas into practice, the VR-aided course outperformed
the conventional course designs.

However, the item “independent thinking and
understanding” showed significant difference between
only one conventional course and the VR-aided
course. Nevertheless, these are the fields suggested to
be included in the VR course designs.

The exploratory factor analysis revealed four
latent factors including Intrapersonal, Cognitive,
Creativity and Practicability -skills which also were
compared between the groups (Figure 2). Factor
scores were saved and compared group-wise in
Kruskal-Wallis and pair-wise in Mann-Whitney tests.
In Intrapersonal and Cognitive factors Industry
showed higher results and statistically significant
differences (p=0,05) compared to conventional
courses and VR-aided course. In these themes industry
managers’ requirement levels are higher than what has
been provided by the educational institutions. In terms
of Creativity and Practicability, conventional course
designs were behind the industry requirements with
statistical significance. VR-aided course outperformed
conventional courses in terms of the creativity-factor
dimension. This is the skill category, where VVR-aided
course has an improved potential to provide different
and high standard skills for working life training.
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6. Discussion and conclusions

The literature review revealed that the VLE
affordance research field is lacking experiments and
comparison studies identifying the unique features of
VLEs compared to conventional systems (also
requested by e.g. [40]). In addition, there seemed to be
a lack of adoption and development of design
methods. Our study contributes to these shortcomings
by comparing conventional courses, a VR-aided
course and working life requirements as well as
applying and developing an affordances scale as a
design method.

The use of the scale revealed several new
affordances and system design implications.
Considering the individual scale items, the industry
managers’ requirements for work life skills were
higher in all cases compared to the course designs.
This implies low equivalence between higher
education and skills for working life also addressed by
some previous research [41, 42]. The conventional
courses showed the lowest equivalence to the working
life requirements. The VR-aided course performed
somewhat better and closer to the industry
requirements. For example, there were no statistical
differences between the industry and VR in terms of
creating strategies, setting goals, self-monitoring,
analytical thinking, critical thinking, independent

thinking and understanding, presenting new ideas with
practical examples, adapting and applying new ideas
into practice as well as in providing hands-on work
and performance training. While the VR-aided course
succeeded well in these areas compared to the
conventional courses, it is too early to conclude that
these  are the suggested design principles to be
included into VR course designs. Instead, the
statistically significant differences between the
conventional courses and the VR-aided course
emerged on the items including self-monitoring,
independent thinking and understanding as well as in
adapting and applying new ideas into practice.
Nevertheless, the item “independent thinking and
understanding” showed significant difference only
between one conventional course and the VR-aided
course; these are the suggested fields with the highest
potential to be included in the VR course designs. In
addition, the VR-aided course showed potential within
the creativity-skill category.

In terms of design, what does all this mean? To
have “self-monitoring” elements on a VR-aided
course could mean self-study reflections which were
also used in the VVR-aided course under research. The
usual method is learning diaries that could be added
also into the VR-aided courses reinforced with screen
recordings captured from the individual’s VR
experience. In addition, various in-game analytics
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available in VR and game-engine environments could
be made available to aid the self-study reflections.

Immersive multi-sensory environments such as
VR guarantees strong engrams for its users ([15, 35,
43], that should be utilized also in course designs in
terms of “independent thinking and understanding”.
As mentioned above, self-study reflections such as
learning diaries is one way to do this. In addition,
engrams are in the users’ minds and they might
activate spontaneously in different situations. It is
therefore important that the learning objectives and
engrams are braided so that when the engram hits the
target it also reminds about the learning objective. For
example, when a student is already in the work life and
sees a machinery part first time in real-life, the engram
built in VR should remind about the learning
objectives [45] e.g. remembering, understanding,
applying etc. This also requires research about the
long-term effects of design elements and content,
which is still missing in the VR research field.

Much of the VLE affordance research is
highlighting the potential of VR in contextual learning
(e.g. [16, 40] referring to “adapting and applying new
ideas into practice”. Modelling and presenting
contents and spaces as well as allowing interactions in
VR [36] is a way to do this, so that users can rehearse
adapting and applying things. According to the
research, people are less uninhibited to take actions in
VR than in real-life [29, 31], so rehearsing and
repeating in VR could also lower the threshold to take
action in real-life. But what is the threshold in terms of
details in models and presentation in VR, i.e. what is
the benefit-cost ratio of modelling work? This is also
something to be explored by future research. We also
found “creativity” as one potential skill learning
category in VR. In addition, previous research
suggests many ways to do this. For example, avatar
inclusion [30] and free navigation and interactivity
[32] contribute to creativity in VR. However, a
majority of the research is concentrating on
technological aspects and features, but less focus is
given to content, tasks and sociability factors in
advancing creativity.

Our literature review also exposed lack of
empirical studies considering the factors behind the
affordance existence. In this study we identified that
there are needs for working life skills that can be
categorized in intrapersonal, cognitive, creativity and
practicability -skills. Following Karahanna et al. [20]
needs are also factors for affordance existence. Thus,
we can suggest that the aforementioned need-
categories for working life skills should be considered
in any course designs aiming at developing also
working life skills. For example, course objectives
could include development of intrapersonal, cognitive,

creativity and practicability —skills, which are further
implemented in more detail in the course contents,
methods and evaluations.

Currently, 21st century skills [44] are included as
objectives in many curricula and course designs. The
most common categorization of these skills is
intrapersonal, cognitive and interpersonal, the last
referring to various communication skills. According
to many VLE affordance studies, communication and
interaction affordances can be provided by VLEs [32,
36, 14]. However, as discovered in our study,
communication and interaction affordances were
found merely resulting from more latent factors such
as creativity and practicality.

Teaching and training interpersonal i.e.
communication skills are found to be very demanding
in higher education but some technological solutions
enabling various learning activities might promote
these [36, 14]. Our results suggest that in those course
designs, the objectives should perhaps consider
developing creativity and practicability more so than
interpersonal / communication skills. Also, everyday
life experience shows that people with high creativity
and practicality are pretty good in reflection and
expressing themselves, so this finding should be taken
as a hypothesis to be tested by future research.

One of the most obvious limitations is that the
levels between the subject groups are fundamentally
different. For example, industry managers set their
working life requirements higher throughout,
compared to students evaluating the same items
provided by the courses. The same applies to the
different levels between the conventional courses and
the VR-aided course. However, in our sample the
analyses resulted in both significant and insignificant
differences so the significant differences should be
considered as we did. Also, among all courses, there is
variation in terms of teaching objectives, content,
methods, assessment and teachers’ pedagogical
approaches. In order to remove that bias, future studies
should compare courses where all the parameters are
constant except the treatment, e.g. the VR design.
Nevertheless, this study is one of the first ones to
compare conventional and VR courses in a real-life
setting to the working life requirements, and to our
knowledge, the first to exclusively and extensively
consider skills as perceived outcomes for VR.
Considering the infinite options that practitioners have
in iterating and developing the VR course designs, we
hope that our study paves the way for further guidance
and applications.
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