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Abstract

New technologies create opportunities to improve
education and, in this way, the individual learning.
Due to their certain characteristics, such as immersion
(i.e. the total engagement to a specific activity while
other attentional demands are ignored), immersive
Virtual Reality (VR) systems have the potential to
increase the individual learning performance. Modern
VR-head mounted displays (e.g. Oculus Rift) and
provided controllers allow a new kind of interaction
within a virtual environment. Against this background,
the construct cognitive absorption (CA) within a
learning context emerged. CA consists of five sub-
constructs.: temporal dissociation, curiosity, enjoyment,
control, and immersion. Both, learning and CA, have
already been brought together but not within a context
of immersive VR. Hence, this study examines learning
and its conditions within an immersive VR context by a
Grounded Theory approach with 21 qualitative
interviews. Implications for theory and design are
derived.

1. Introduction

New technologies create new opportunities to
improve education, and in this way, the individual
learning. Here, digital technologies, formats, and
materials enhance digital learning outcome through
massive open online courses, blended learning, flipped
classroom, or collaborative tools through social media
[13]. Advantages are, for example, the cancellation of
time or place restrictions, which means that the student
or trainee has the opportunity to participate a class
from the desk at home or on their way to work.
However, the main goal of digitally supported learning
environments or technologies is to improve the
individual learning outcome. For instance, personally
self-regulated and social self-regulated learning
strategies [44] as well as learning environments [11]
can improve the individual or organizational learning
outcome or the learning performance.
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Virtual reality has gained popularity through
Oculus Rift (development kit) which came to the
market in 2016. Nowadays, there are a couple of
virtual reality head-mounted displays (HMD), such as
HTC Vive or Playstation VR. A characteristic of such
glasses, i.e. immersion, arises from the head-mounted
display and a restriction of what a user can see [3].
Immersion is an individual’s total engagement to a
particular interaction or task while all other attentional
demands are ignored [1]. Within an immersive VR, a
user is completely surrounded by an enclosing virtual
space [24] whereby this user is beamed to the virtual
environment in which they can interact or perform
certain tasks with their entire body. In comparison to
non-immersive VR, immersive VR offers the
opportunity of creating a learning environment, in
which a learner is not distracted or disturbed from
outside attentional demands [23]. Another advantage of
the emerging VR-HMDs is the provided controllers to
interact within the virtual space. These controllers
allow to interact, to create, or to manipulate objects. As
a consequence, the use of VR-HMD and provided
controllers make it possible to be more active and in a
deeper fashion. These characteristics of immersive VR
enhance the opportunities of learning by not only
focusing on declarative knowledge, i.e. theoretical
knowledge, but to impart skills of how to do something
[23]. For instance, a study of non-immersive VR has
examined effects of high and low VR conditions and
its effects on consumer learning [38].

In Information Systems (IS) many learning theories
explain how, why, and in which way the individual
learning can be improved. Against the background of
immersive VR, the Flow Theory [7] and a further
development, i.e. Cognitive Absorption (CA) [2],
include constructs, such as focused immersion, which
are relevant for learning. CA and Flow are describing
an individual’s mental state of absorption, a loss of
self-consciousness, a transformation of time, a sense of
being in control, and a feeling of engagement and
immersion, including high concentration [7]. For
instance, Flow, CA and its sub-constructs, namely
focused immersion, temporal dissociation, heightened
enjoyment, curiosity, and control, show, as described,
important properties for learning. A couple of studies
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have already examined CA and the Flow Theory
within individual or organizational learning context.
For instance, Agarwal and Karahanna [1] have shown
that CA is an essential construct for explaining e-
learning performance. Furthermore, it was found that
Flow significantly impacts the use of e-learning
software and academic performance [31, 32] as well as
the acceptance of e-learning tools in vocational training
[6]. CA, for instance, influences cognitive and
affective involvement of a learner in mobile training
scenarios [29] as well as learner’s satisfaction,
performance, and perceived understanding of the
learning content [28].

Although, there are already theoretical approaches
explaining CA and individual learning, none of them
are examining immersive VR-HMD technologies in
combination with CA and its meaning for individual
learning outcome. For instance, how to increase CA to
improve the individual learning. Hence, the goal of the
study at hand is to investigate elements of immersive
VR, the meaning of CA’s sub-constructs in case of
immersive VR, and how these affect individual
learning. Consequently, the study is guided by the
following research question:

RQ: How can individual learning and its conditions

be defined in case of immersive VR technologies?

Against the background of the explorative nature of
this study, a Grounded Theory approach is used to
analyze semi-structured interviews. The literature on
VR, CA, and individual learning is reviewed to get an
overview about the topic. Next, a semi-structured
interview guide was developed whereby all
interviewees were able to use a HTC Vive VR-HMD to
get first-hand experience with the technology.
Afterwards, the findings of the interviews are
presented, discussed, and implications for theory and
design are derived.

2. Individual Learning, Flow, Cognitive
Absorption, and Virtual Reality in IS

Flow and Cognitive Absorption. Learning
theories and learning related-studies gained much
attention in the field of IS. As introduced above,
certain characteristics of Flow Theory and CA, such as
immersion, suggest further investigation in case of
immersive VR. Flow is an individual’s mental state of
absorption, a feeling of being in control, a sense of
being engaged and immersed while highly
concentrated, a loss of self-consciousness, and a
feeling of transformed time [7]. In addition, Agarwal et
al. [2] use this definition of Flow to introduce the
construct Cognitive Absorption (CA). On the one hand,
in literature CA is referred to an uni-dimensional

central component [27] and, on the other hand, to a
multi-dimensional construct (for instance, [45]). Both
have in common that an individual’s Flow experience
forms behavior and attitudes when using an
information technology. In addition, a key component
of Flow and CA is intrinsic motivation [45]. In contrast
to extrinsic motivation, which deals with the
expectation for greater rewards or other instrumental
outcomes, intrinsic motivation is an individual’s inner
incentive to behave for themselves [7]. For example,
people expect satisfaction and pleasure from an
activity. A couple of studies have already shown that
Flow and absorption are holistic experiences with
information systems and that both are important
explanatory variables for human behavior (e.g. [1]).
For instance, Agarwal and Karahanna define CA as a
multi-dimensional construct including five sub-
dimensions whereby CA refers to a “state of deep
involvement with software” [1:673].

As suggest by Agarwal and Karahanna [1],
temporal dissociation is an individual’s inability of
recognizing how much time has been spent while
engaged in a specific task or activity. Second, control
is the perception of being responsible and being in
charge while performing a task or an activity. Third,
heightened enjoyment is an individual’s experience of
satisfaction and pleasure from an activity or
interaction. Fourth, curiosity is an individual’s extent
of being aroused to a certain activity or interaction. At
least, focused immersion is an individual’s state of
being engaged or concentrated to a particular task or
activity while other attentional demands are ignored.

Flow, CA, and its sub-dimensions have been
investigated in many IS and learning related studies.
For example, an educational and practical approach
examines the impact of Flow and interaction behavior
of nurses on e-learning acceptance [6]. The focus of
the study lies on interaction factors, such as learner-
system, instructor-learner, and learner-learner, on
intrinsic (for instance, Flow) as well as extrinsic
motivators (for instance, perceived usefulness and ease
of use) to explain the behavior of a nurse, who is using
an e-learning system for educational purposes. Another
work investigates Flow in relation to an e-learning
environment and in the context of higher education
[31]. In their study, the authors analyze interactivity
processes, imagery, and spatial presence in an e-
learning environment affecting Flow and intrinsic
motivation to investigate user’s continuance behavior.

Recent studies which focus on CA and learning
examine, for instance, social presence and interest as
antecedents of CA [20]. Here, CA is a mediator which
influences learner satisfaction. In a collaborative
environment, Magni et al. [22] investigate the impact
of group learning behavior as moderator of CA and
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individual learning in an organizational setting. A
current study in a virtual environment, here a virtual
world, examines CA and learning in collaborative
tasks, whereby the effect of CA on perceived learning,
learner satisfaction, and task participation is analyzed
[11]. Moreover, the study of Reychav and Wu [28]
focuses its work on a mobile training scenario. Here,
CA and perceived learning are investigated, showing
the result that CA significantly impacts the deep
involvement of users. Another approach studies group
learning behavior through text and video, and in
addition, how peer learning and CA affect learning
outcomes, such as learner satisfaction, perceived
understanding, and performance [29].

In IS and IS related fields, CA has been
investigated for use intentions or acceptance of
learning systems. In case of hedonic systems, besides
CA, classical Technology Acceptance Model (TAM)
constructs, such as perceived usefulness and perceived
ease of use, are included into a theoretical model to
explain use intentions [21]. Additional research which
also includes TAM constructs, but in the context of
mixed-motivation systems (i.e. a systems comprising
of utilitarian and hedonic components), investigates
usefulness, ease of use, cognitive absorption as well as
Flow and their effect on user’s use intentions of a
learning environment [32, 33, 43]. Another approach is
made by Roca et al. [30]. They analyze additional
constructs, such as perceived quality, perceived
usability, perceived control, confirmation, and
subjective norm, that affect acceptance and learner
satisfaction. Flow has also been examined as an uni-
dimensional construct which explains, besides
acceptance and satisfaction, the perceived hedonic and
utilitarian value of a learning system while the Flow is
explained through telepresence [12].

Virtual Reality. Virtual Reality (VR) technologies
are emerging more and more since Oculus Rift was
available on the market [10]. VR systems are
computer-generated, interactive, and three-dimensional
environments in which people become immersed [46].
Moreover, implemented VR applications in such a
virtual environment depend on the degree of
immersion [24] whereby VR is distinguished into
immersive and non-immersive VR. The latter one
refers to desktop computers and laptops. The first one,
immersive VR, is determined by user’s who are using
complex interface technologies, such as HMDs, and
who are totally surrounded by an enclosing virtual
environment. Actually the use of VR-HMD are related
to single user experiences [34] and are limited to single
user sessions of 30 minutes [26]. Recent research
examines virtual low and high conditions while
shopping online (the kind of product experience) [38].
Their results suggest that users of the high VR

condition learn more about the provided products (i.e.
knowledge and attitude) than in the low condition. A
similar study analyzes product presentation format and
task complexity within a virtual product experience
and a consumer’s product understanding [15].
Immersive VR, moreover, and the use of HMD as well
as the provided controller allow users to be active
within the virtual space. For instance, they can interact,
create, and manipulate objects [16, 23]. The virtual
space enables higher precision as well as a higher
degree of visualization of objects and processes which
otherwise is not possible to depict in the real world.
Furthermore, the kind of precision and visualization
allow to intense the focused experience which, in turn,
can enhance the learning experience [23].

Virtual Worlds. In comparison to VR, research on
Virtual Worlds (VW) gained more attention. A VW is
defined as virtual reality with a multi-user
domain/dungeon rendered on personal computers
where real people can meet and interact, i.e. a shared
environment [34]. A review on virtual environments
focusing on VW examines theories as well as concepts,
and presents insights on embodiment and presence
related to avatars [34]. Avatars are central to the use of
VW, notably if an avatar is edited and illustrated as
oneself [37]. If an avatar is similar to its user, the user
perceives the avatar more positive because of dual-
congruity perspective, such as self-congruity and
functional congruity [37]. Recent studies on avatars
examines virtual team collaboration with, on the one
hand, avatars and, on the other hand, with people and
virtual agents [8]. Moreover, another empirical work
investigates the VW Second Life and focuses on
embodied identities in the virtual world as well as in
the real world [35]. Results suggest that an individual
symbiotically unites their digital (avatar) and their
physical embodiments to become a cyborg (i.e. people
are extended by technology [5]) whereby both
identities are entangled by technology [14]. Kim and
Zhang have also examined avatar-based three-
dimensional worlds and CA to explain user satisfaction
and loyalty to the VW [17]. Here, they focus on
antecedents such as the sense of presence and
belonging.

In summary, it can be assumed that CA and its sub-
constructs are essential for individual learning using an
immersive VR system, particularly against the
background of the underlying characteristics such as
interaction, creation, and manipulation of objects as
well as the single-user experience in an enclosed
virtual space. In contrast, virtual environments, notably
VW and non-immersive VR, gained much attention in
the field of IS but there is little known about what
immersive VR means in the context of individual
learning and its conditions to increase learning
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performance. This missing theoretical approach can be
assumed as a research gap which the study at hand
wants to address.

3. Research Design

Methodology. Given the relative novelty of
immersive VR technologies (notably, HMD), it is not
surprising that no solid theoretical base exists, which
focuses the phenomenon of immersive VR learning
systems. Taking this into account, the study at hand
was conducted with initially achieving a
comprehension of this phenomenon. Therefore, a
deductive approach cannot be used to examine this
context because there is a lack of reliable body of
existing theory to inform extensive a priori theorizing
[25, 42].

Against this background of the explorative nature,
this study follows an inductive Grounded Theory
approach [36, 40, 41] to explore and examine the
specific conditions of an immersive VR learning
system. Grounded Theory is a suitable method for
theory building [36]. For instance, Grounded Theory
can be characterized along six dimensions [4]: a)
development of theory for describing and analyzing the
phenomenon of interest; b) continuous data
comparisons against different viewpoints by constant
growing analytical and theoretical aspects; c) a step-
by-step coding of data across multiple steps as
emerging theory develops; d) along upcoming
differentiating dimensions the theoretical sampling of
data; e) the handling of prejudices that prevent relying
on any certain theory as a starting point; f) “an
inextricable link between data collection and analysis
that incorporates further sampling as part of ongoing
analysis and theorizing” [10:710].

Data Gathering. Current VR-HMD, such as HTC
Vive, Oculus Rift, or Playstation VR, are not new but
mostly unknown (no first-hand experience) to user, and
hence, the interviews were conducted during a
conference where a virtual reality system was
presented. Each individual who participated was
guided to an enclosed room to ensure a quiet and
controlled environment without external distractions.
Only people who used the VR system, so people with
first-hand experience, were interviewed to guarantee
that each interviewee is able to answer questions
regarding the VR system. All participants were able to
use a self-developed VR environment (created with the
Unreal Engine 4). A semi-structured interview
guideline was used which has the aim to reveal
conditions, constructs, and design options of an
immersive VR system. The explorative nature arises
due to the fact that immersive VR systems and their
certain characteristics are sparsely investigated, and

hence, 21 interviews with potential future users from
different backgrounds and demographics (age and
gender) were conducted (in average 10 minutes). Ten
female and eleven male persons participated at the
interview who have an average age of 33 years. Within
our interview group five educators and teachers, ten
students and pupils, one computer scientists, one
engineer, one nurse, one research associate, and two
managers participated. Their educational background
differs from high school graduation, bachelor and
master degrees as well as state examination.

Before the interviews started the literature on VR,
learning, and related topics were reviewed in case of
getting  initial insights and have a first
conceptualization of the topic. Next, these insights
were used for the development of the semi-structured
interview guideline to ensure to get in-depth insights to
the subject of VR, learning, and related topics. The
focus of the interview guideline lies on questions
regarding specific conditions of immersive VR and the
meaning of individual learning within this context.

Two major challenges emerged before and during
the interviews. First, VR technologies are well-known
because of the media and a current hype. In contrast,
many people do not have first-hand experience.
Consequently, an immersive VR system was provided,
i.e. a HTC Vive, which each participant was able to use
for first-hand experiences. Within the provided self-
developed system, each participant was confronted
with a scenario where the user was able to move in a
virtual room. Here, the user had to take a key to open a
door, walking through the door, and to follow
instructions in order to hand over a parcel. The second
challenge was the conduction of the interviews during
the above mentioned conference. Here, a separated
room, enclosed and quiet, was provided for the
conduction of each interview.

Data Analysis. The used Grounded Theory
approach [36, 40] started with an open coding scheme
of the interview transcripts. The open coding scheme
was done by two researchers. In a step-by-step process,
both researcher coded independently, afterwards the
codes were matched to come to a joint result. In a next
step, axial coding was done to cluster the codes. Then,
within the selective coding step, it was searched for
similarities and relations between identified constructs.
At least, all findings were matched with the literature
(theoretical integration) and implications for theory
could be derived. Within the next section suitable
quotations are chosen to illustrate the findings.

4. Findings

Use Case Learning with immersive VR. Overall,
many interviewees conform that an immersive VR and
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the provided controller to interact within a virtual
space can be used for a learning context. For instance,
it is useful for cases as demonstrating or to make
situations perceptible.

“Such a system would be useful for training or
coaching purposes or to demonstrate something. Just
imagine you can really experience situations and make
them perceptible.” (Interviewee 1, educator)

“Within a virtual environment you are able to
develop and create everything. You could experience
and learn something about an atom and interact with it
which would be impossible in real life. /...] There is
also the opportunity to depict procedures and
sequences and to walk them virtually through.”
(Interviewee 4, computer scientist)

A focus of many interview answers refers to the
learning of skills and processes such as how something
works and functions.

“l could imagine using it for work such as
trainings. You would be able to learn the maintenance
of machines. An example would be the learning of the
adjustment of the rational speed.” (Interviewee 5,
engineer)

“I can imagine to model a business process such as
telescoping, to choose functions, or to change the
order. There would be the opportunity to walk them
through and to attach figures from the manufacturing
environment.” (Interviewee 7, research associate)

Immersion is manifold in case of a virtual
environment. Findings of the qualitative study at hand
suggest that immersion has different predictors that
positively influence the construct. In addition, the
interviews show a deeper understanding of the
construct itself. For instance, an immersive virtual
environment is interpreted as real because a user dives
deep into the space.

“It is really real. You know it is computer
generated, also optical, but you behave like in real life.
You have a real feeling of something such throwing
objects. [...] My view was completely within the three-
dimensional virtual space, in 360°, and | forgot the
instructor. I haven't realized the real world anymore.”
(Interviewee 20, student)

“At the beginning I still perceived the real world.
After | started concentrating on certain objects, |
haven’t noticed the outside world anymore. I was
really deep involved.” (Interviewee 10, teacher)

“l really had the feeling of being in another room
and place. /...] I can imagine that really everything
can be simulated to illustrate the real world in a
virtual environment.” (Interviewee 6, teacher)

As a sub-construct of CA, curiosity is an important
condition for intrinsic motivation. In case it refers to

the technology itself and to the contents presented
within the VR space.

“It was really surprising of how to move and in
which direction | was able to move within the
presented virtual space.” (Interviewee 19, student)

“Using the system is really exciting. | am still
curious about the technology itself.” (Interviewee 15,
nurse)

“l could just turn around and | could see in every
direction. There | was just able to experience and to
test everything. That was really interesting and
exciting.” (Interviewee 13, student)

Moreover, curiosity can be a predictor to positively
influence the immersion of a VR system.

“I haven't perceived the real world anymore, and
hence, | could concentrate on certain aspects where |
was really curious about all the things | was able to try
out in the virtual environment.” (Interviewee 19,
student)

In addition to curiosity, (heightened) enjoyment
emerged as a predictor for affecting the immersion
while using a VR system. In case of immersive VR,
enjoyment refers to the virtual space itself and to
technology of how to dive into.

“That was just a really nice experience.”
(Interviewee 15, nurse)

“Really impressive, something new, and very
realistic programmed and developed. It was real fun to
use it and | am impressed that it was so good.”
(Interviewee 17, student)

“It was so realistic and because of this it made
more fun, so | was more involved.” (Interviewee 21,
student)

Almost all interviewees mentioned the important
aspect of the kind of interaction and sense of being in
control within the virtual environment. Here, the
people focus on the creation and manipulation of
objects within virtual space. They were able to throw
or grab virtual objects, and so, to interact with them.

“It was a nice experience to see that | am able to
grab and carry the parcel. Just to move it and there
was also a sense of weight of the parcel. It was a real
feeling of success. [...] The same was true for being
able to open the door in the virtual room because there
was this haptic feedback through the controller.”
(Interviewee 2, manager)

Here, the idea of feeling embodied arises. People
were able to use their real arms and hands to interact
within the virtual reality, so they sensed themselves
(the virtual body). They got a feedback like in the real
world. For instance, within the VR people could see
that they carry the parcel or other objects, and
additionally, they got a haptic feedback from the
controller they hold. This, in turn, increases the
immersion within the virtual space.
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“To me, if | lift something and it feels realistic then
it feels good. /...] Interacting with something just feels
real.” (Interviewee 3, student)

“l was in another world and it felt very realistic
that | have to bend down to grab a pocket and
something else which dropped down on the virtual
floor.” (Interviewee 11, student)

Although, some interviewees mentioned that
interacting und being in control will help to increase
learning performance. For instance, it could help to
develop certain skills.

“I could imagine how to learn to drive in a virtual
environment. That’s because I think you will learn best
if you are active. Being active about what are you
doing.” (Interviewee 11, student)

Besides the CA constructs, almost all interviewees
state the feeling of presence within the virtual
environment and how this could be increased. Here,
presence refers to idea of sensing oneself within a
virtual environment. In addition, within the VR
presence seems to positively influence the immersion.

“You were able to realize yourself within the virtual
reality. Where are you going to and you have seen the
controller and, in this way, you know where your
hands were.” (Interviewee 8, educator)

“A real hand or your own fingers would be more
realistic and it would become blurred the blockade
between the real and the virtual world. /...] A glove
that represents your hand and would allow moving
fingers within the virtual room would help to interact
but also to be more in the virtual environment.”
(Interviewee 18, student)

“Shortly after | realized the battery of the one
controller was empty, it felt like 1 would have just one
arm. [...] Very helpful to strengthen the feeling of
being in there (the VR was meant) is to depict real
hands within the environment. Just like a camera
which takes a video as Microsoft Kinect is providing
it.” (Interviewee 14, manager)

Another interesting aspect mentioned by a couple
of interviewees was the idea of extending a single user
VR experience to a virtual world. Here, people would
like to interact or to have conversations with other real
life people and that this could be helpful in a learning
context, as, for example, peer learning.

“In my view, it is a drawback to be alone within the
virtual environment. | would plead for others being in
the virtual room with whom 1 can interact because |
could do whatever | want and no one cares.”
(Interviewee 14, manager)

“If you want to study more complicated contents, it
will be better to a have a partner in the virtual
environment for conversations and discussions. They
could help and support you.” (Interviewee 13, student)

“It could be helpful to have someone else in the
virtual environment because you could work and
interact together.” (Interviewee 16, student)

Embodiment and Presence in the literature.
Against the background of people mentioned aspects of
presence and embodiment, the literature was searched
to get a better comprehension of the constructs. A
recent review on embodiment and presence shows an
in-depth understanding in virtual environments,
particularly in virtual worlds focusing on non-
immersive environments [34].

Embodiment is a feeling or sense of control in a
virtual environment. If an individual is embodied, they
are in control of a virtual body [9, 35]. They would be
able to control gestures, such as fingers, arms, and the
body, as well as facial expressions. In this way,
embodiment in a virtual environment would mostly be
sensed as a real body.

Presence refers to a feeling of being in a virtual
environment and is described by a psychological state
in which an individual does not notice or does not
experience the virtual space [18]. Moreover, Schultze
summarizes telepresence, also known as presence, to
an “illusion of being in a distant place, that is, being
there” [34:438]. If presence refers to being there then
social presence refers to the idea of having an illusion
of access to others like being with [34]. Social
presence can be described through knowing another
person whether in the real world or a virtual
environment. Here, it relates to their personality or
their intentions.

5. Discussion

Research on VR within a learning context mainly
focuses on non-immersive systems or on examinations
on VW. Here, the topic of investigation is the
acceptance of such learning systems, collaboration
behavior within a VW, group learning behavior and the
impact on individual learning, a sense of oneself
through the use of avatars, or a continuance use
intention of an avatar. The study at hand assumes that
an immersive VR environment could enhance the
individual learning, notably against the background of
the characteristics an immersive system consists of.
The provision of head-mounted displays enables an
enclosed single user experience while the controllers
allow interactions and manipulations of objects within
the virtual space. By answering the research question
“How can individual learning and its conditions be
defined in case of immersive VR technologies?” the
study at hand contributes to the literature by presenting
theoretical as well as design implications for the

Page 1402



potential use of an immersive VR system for individual
learning.

Findings of the explorative approach and the match
with the literature suggest that individual learning
within immersive VR is manifold. Individual learning
within such an environment refers to a development of
skills instead of studying declarative knowledge, i.e.
theoretical knowledge. A learner can interact, create, or
manipulate objects within the environment. Hence,
theoretical knowledge can be transformed to the level
of doing something, i.e. the development of skills for a
certain task or the learning of specific processes and
procedures. In addition, such VR environments are
experienced as realistic whereby a learner can transfer
knowledge from, here a virtual scenario, to the real
world. Consequently, a learner could identify
themselves like in a practical training phase in which,
typically, an instructor shows certain processes and the
learner is repeating the stuff on their own.

Due to the specific characteristics of an immersive
VR system, immersion reveals as a central construct.
Immersion allows a user to concentrate on certain
aspects such as interactions with objects or performing
tasks while other attentional demands are ignored.
Hence, through a HMD a learner can ignore
distractions or other disturbances. In addition,
immersion is profiting from a realistic scenario, so
people do not feel like in a gaming scenario.

An immersive VR system enables a user to move
and interact (almost) like in the real world. A current
drawback is the absence of depicted hands within the
virtual scenario and the (until now) unknown
controllers. In contrast, an advantage is the movement
where people get the feeling they would be in the real
world. If they look around, everywhere around them
(360°), a virtual environment is presented and if they
bend down to grab something it feels like a real world
behavior. Consequently, a more realistic scenario leads
to a higher immersion.

The CA sub-constructs enjoyment and curiosity are
twofold. Both, on the one hand, refer to a feeling of
pleasure and happiness and inquisitiveness while using
a VR system, i.e. the scenario by what is presented
within the setting. On the other hand, both are related
to the technology itself. Hence, it refers to the usage of
the VR-HMD for diving into the VR and the
controllers for interacting and manipulating objects.
The latter concerns to technology affinity while the
interest to the scenario focuses more on the (learning)
setting. Therefore, curiosity as well as enjoyment
positively influence immersion, and additionally, the
individual learning outcome (such as learner
satisfaction).

Against the background that people are becoming
more and more familiar with the use of the VR system,

particularly how to use the controllers to interact,
create, or manipulate objects within the virtual space,
their behavior becomes normal. The sense of being in
control increases due to the fact that the user is able to
behave like in the real world, and hence, there is
positive relationship between control and immersion.

Another interesting and emerging aspect is the
user’s sense of embodiment and presence within the
VR environment. As suggested in the literature, people
are identifying themselves more and more if they are
sensing themselves within a virtual space (e.g. [34,
35]). Here, through the kind of interaction, the feeling
of oneself by moving and looking around, and the
control of the virtual body with direct feedback, people
are sensing them embodied and less notice or
experience that they are in a virtual environment. As a
consequence, the use of immersive VR systems feels
realistic, so the immersion is positively affected by
both, embodiment and presence.

In contrast to the other emerging CA sub-
constructs, temporal dissociation was not an upcoming
aspect. Again, temporal dissociation is the inability of
a user to recognize how much time have been spent
while they are engaged to a specific task or activity.
Due to the fact the interviews were held during a
conference, may be the participants were too excited to
mention aspects of temporal dissociation. In addition, a
self-developed system was presented which is
restricted within the virtual space. It does not achieve
the professional extent of a professional developer with
many gamification elements and hours of gaming time.
As described above, a short showcase was presented
with certain aspects in which the people were able to
experience a virtual environment. As a conseguence,
temporal dissociation was not a mentioned aspect.

Some of the findings are already examined in the
literature but within another context. Here, the multi-
dimensional construct CA is not only investigated as
second-order construct, but as a first-order construct.
For instance, Tan et al. examine three models where
focused immersion and temporal dissociation are
moderators to explain satisfaction and use intentions of
smartphone uses [39]. In another work, Lee et al. focus
their work on online wait time of websites and future
use intentions [19]. They investigate focused
immersion, temporal dissociation, and heightened
enjoyment as antecedents of perceived waiting time.
One example with a learning environment focuses on
CA in mobile training [28]. They examine the different
dimensions of CA to a state of deep involvement for
learning and find out that CA plays a significant role.
Within a hedonic motivation system, CA has been split
and been examined as first-order constructs [21].
Results reveal that curiosity, enjoyment, and control
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are antecedents of immersion and are positively
related.

As the findings of the study at hand suggest, within
the context of an immersive VR system for individual
learning, curiosity, enjoyment, and control (as sub-
constructs of CA) as well as embodiment and presence
are positively related to immersion. Hence, a chain of
effects is illustrated in Fig. 1.

Embodiment; control
of the virtual body

Presence; sense of
being there

Curiosity with the
technology/the
setting

Immersion; total
engagement and
ignorance of attentional
demands

Individual Learning
(Skill Development &
Learner Satisfaction)

Enjoyment with the
technology/the
setting

Sense of Control
within a virtual
scenario

Cognitive Absorption

Figure 1. Chain of effects identified in this study
6. Implications for Theory and Design

The study at hand contributes by several
implications for theory and design of an immersive VR
system for individual learning. First, due to the
explorative nature of this qualitative study, the
meaning of individual learning through the use of an
immersive VR system has been examined. As the
findings suggest, virtual reality technologies have the
potential to improve learning. Declarative knowledge
can be transferred to the development of skills like in
practical training phases. Within a virtual environment
a user has the possibility to learn procedures or
processes by doing. Through different self-regulated
learning strategies [44], user can enhance their
individual learning outcome which can be done within
an immersive VR.

Second, the study at hand reveals theoretical
insights to CA sub-constructs such as immersion,
control, curiosity, and enjoyment as well as, mostly
recently used in the context of VW, embodiment and
presence. Immersion is the total engagement to a
specific task or activity [1, 21] and within a VR setting
it refers to a feeling of a realistic scenario. If it is more
realistic, people will be more immersed. In addition,
immersion is positively related to the sense of control,
such as how to interact and manipulate objects within
the VR setting. Embodiment, as suggested in the
literature, is the sense of controlling the virtual body
[34, 35] which arises by the use of the controllers and
HMD. Here, a user can move and look around like in
the real world and can control the virtual body such as

gestures or facial expressions [9]. Moreover, presence
is the feeling of being there [8, 16, 37] which increases
the perception of oneself of being in a real world
scenario which, in turn, positively influences the
immersion.

Implications for the design of an immersive VR
system suggest, on the one hand, strengthening of the
feeling of embodiment and presence positively
influence the immersion towards the system and, on
the other hand, providing more artificial or a human
avatar will positively affect the sense of social
presence. For instance, if within the virtual setting the
depiction of controllers is replaced by artificial but
human looking hands to interact, create, or manipulate
objects, the sense of being there and the control of the
virtual body as one-self’s body, hence the subjective
experience, will rise which, in turn, affects the
immersion. Another idea would be to use connected
gloves to interact within the VR. This would also
increase the feeling of a real world because people
could act like in the real world by grabbing. Moreover,
the feeling of being with by having access to others can
increase the immersion towards the system. By
providing other artificial avatars to interact with or by
including other people, a VW can be created instead of
a single user experience. Such a VW will be perceived
as more realistic [35, 37], which, in turn, can have a
positive effect on social self-regulated learning
strategies as peer learning to improve learning [22, 44].

7. Limitations and Future Research

The study at hand has several limitations. First,
even if all interviewees got first-hand experience,
mostly all of them had no pre-experience with
immersive VR technologies. Hence, excitement and
curiosity towards the technology could lead to an
overemphasizing of positive attitudes. Second, in case
of providing a pure immersive VR learning system, the
findings could be broadening, notably against the
background of how to design for learning like
didactical concepts. Third, the interviews were
conducted during a conference. Even if a separated
room was provided, the environment is less controlled
in comparison to, for instance, a VR lab. Therefore, the
use of an immersive VR system in front of an audience
could weaken or distort the VR experience.

Against the background of the limitations, future
research should empirically examine the theoretical
model of immersive VR for individual learning. Here,
a laboratory experiment can reveal -cause-effect
relationships while design options, within a design
theory of how to design an immersive VR system, can
be tested.
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