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Abstract
Virtual Reality (VR) and Augmented Reality (AR) technologies are gaining growing
interest not only among companies but also academics. VR is a technology that
enables the creation of computer generated virtual worlds where the user can interact
and immerse. AR is a newer technology compared to VR that takes advantage of the
virtual worlds and enhances the experience by mixing them with the real
environment. Both technologies have demonstrated to be very useful in a large
number of fields. One of the fields that can take more advantage of these technologies
is education and training, as a result of the great interactivity level, allowing the user
to experiment the concepts that he/she is learning. AR and VR technologies have also
been used in entertainment applications.
Compared with traditional 2D textbooks, images and videos, advantages of AR and
VR technologies include 3D approach with visuality, interactivity, and fast learning
curve. AR and VR enable recreation of environments and offer various possibilities to
explain and illustrate complex issues. With special equipment, AR and VR also
enable sensations other than visual and auricular.
In this study, we reflect possibilities of AR and VR in the light of experiential
learning theory. Experiential learning is “learning by doing” and reflecting the
learning experience. Thus, it requires active involvement and analytical skills to
conceptualize the experience, as well as ability to reflect, solve problems and make
decisions. The study examines different applications and purposed use of AR and VR
in regards of Kolb’s (1984) Experiential Learning Model (ELM).
Introduction
Learning by doing has long been known as the most effective method of acquiring
new skills. Confucius wrote around 450 BC: "Tell me, and I will forget. Show me,
and I may remember. Involve me, and I will understand."
Experimental learning was first introduced in 1984 by David A. Kolb. The concept of
experimental learning includes all learning from a concrete experience, through
reflective observation, to abstract conceptualization, and finally, to testing in new
situations and new experience. This can be illustrated as a cyclical pattern, the
Experimental Learning Model (Kolb, 1984).

Fig 1. Experimental Learning Model. Adapted from Kolb, 1984).
The idea of Augmented Reality (AR) and Virtual Reality (VR) dates back to the
beginning of the 2000th century, but as AR and VR require complicated algorithms
and computing power, they have only become available since the last decades. VR is
a technology that enables the creation of computer generated virtual worlds where the
user can interact and immerse. It is three-dimensional interactive environment.
Augmented reality is a newer technology compared to VR that takes advantage of the
virtual worlds and enhances the experience by mixing them with the real
environment. This technology can enhance a real object by imposing virtual elements
over it. By this means, e.g. a needed procedure can be demonstrated for training
purposes. Both technologies combine 3D approach with interactive visual and
auricular elements. Special equipment can be used to enable other sensations, e.g.
sense of touch. AR and VR enable recreation of environments and offer various
possibilities to explain and illustrate complex issues. AR has been used e.g. on virtual
advertisement and demonstrations on television (e.g. reconstructing situations in a
football match). Nowadays applications include among other education, training and
entertainment. Research and development is being done in e.g. healthcare, education,
military, and enterprise applications. At the moment, AR is in a progressive state.
Wearable technology such as goggles and contact lenses are being brought to the
market, and it is expected their use and application areas will growth notably in the
near future.
The required level of prior information is low, and new skills and knowledge are
acquired rapidly. This summarizes a fast learning curve of AR technology (Sumadio
& Rambli, 2011; Cascales & al. 2013). Virtual objects combined with real
environments let users immerse themselves in a multi-sensational educative
environment. This immersion in a digital environment has multiple perspectives that
enhance education, namely changing frame or reference; situated learning, and
transfer (i.e. the application of the acquired knowledge) (Dede, 2009).
AR has been used in guiding assembly processes with favourable results, as shown by
several studies, including e.g. standardization of the manufacturing training that
would reduce costs and training time, and allow workers to learn at their own pace
(Hou & al. 2013; Wang & al. 2013; Peniche & al. 2013; Morkos & al.).

In this paper we will reflect existing AR and VR applications in regards of the ELM.
We will do this by overviewing training applications in medical field and a case study
in astronaut sector, as two examples of the possibilities of AR in adult training.

AR in medical sector
AR is beneficial in training doctors, as well as in medical education and while
explaining patients their condition and treatments. AR provides a realistic method to
train medical skills, as well as objective feedback, without a presence of an expert
supervising the exercise (Botden & Jakimowicz, 2009). AR aids medical trainees to
acquire proficiency in required procedures (Yeo & al. 2011). In medicine, AR is
especially useful in surgery. It increases the (virtual) transparency of the patient,
higher accuracy and precision with fewer risks, possibility of diagnosing the patient’s
condition during surgery and guided surgery within less time (Li, 2006). AR supports
Minimum Invasive Surgery (MIS) approach, aiming at the least possible
inconvenience for the patient. Together with 3D visualization and modelling, AR
provides a virtual transparency of a patient, which helps surgeons to conduct
minimally invasive surgery that provide greater benefits to patients (Nicolau & al.
2011).
Sielhorst et al. (2004) presented a birth simulator for training purposes, consisting of a
haptic device in a body phantom and software simulating biomechanical and
physiological functions. A distributed training tool for endotracheal intubation using
3D AR was proposed by Rolland et al. (2003).
AR may also prevent patient and operator from other risks such as exposure to
radiation in some procedures in medicine (Fritz & al. 2012) and elsewhere. VR
training applications for shoulder and knee operations have been used with good
results in orthopaedics (Mc Carthy & al. 2006; Cannon & al. 2006; Gomoll & al.
2006).
VR in training astronauts
Training astronauts comprises theoretical and physical phases. However, the training
in the handling of objects in zero gravity is usually difficult due to the expensive costs
and availability of physical prototypes. As a result, Rönkkö et al. 2006 proposed an
approach where the use of VR for assembly training in zero gravity conditions faces
the first stages of the training process. The goal of this work was to allow future
astronauts to become familiar with the sequence of operations and object behaviour in
zero gravity. Actions such as handling freely floating objects or connecting and
disconnecting parts can be simulated in virtual worlds. In particular, the developed
training platform was targeted to the training for the laptop assembly sequence in
orbit on a wall mounted Fluid Science Laboratory (FSL) rack inside the Columbus
module in the International Space Station (ISS). The setup used for that purpose was a
two-screen based VR system with two projectors. The developed platform enabled
multimodal interaction with the virtual world by means of datagloves, trackers and
speech. The application involved not only the trainee, but also the trainer as he or she
was able to guide the trainee when required. The interaction features of the system are

described in more detail in Rönkkö et al. 2003. This interactivity combined with the
virtual simulation of zero gravity provides a realistic immersive experience to the
user.
The results from the user tests showed that the representation of virtual objects was
realistic and that the system was easy to use. One of the users was an actual astronaut,
who, after testing the system, pointed out that the technology (i.e. VR) has large
potential for training and module orientation in aerospace industry. As a conclusion of
the work, the authors state that the technology shows promising future for training in
the field. The proposed system provided a realistic immersive experience with a
simple setup (compared to the real one) that was, in addition, portable and reusable.
These kinds of systems are especially useful for low-cost training in facilities where
mock-ups are expensive or not available. Also the use of interactive virtual worlds
provides a realistic training that cannot be experienced with textbooks or videos. This
is crucial in cases like zero gravity, as the object behaviour in these conditions is
dramatically different to the behaviour that we are used to in normal Earth conditions.
Although the system cannot replace entirely the real mock-ups, the benefits of its use
in early stage phases of the training process may reduce costs and facilitate the
training in different parts of the World, as the real mock-ups are usually expensive
and limited to specific locations.
Discussion
Experimental Learning involves several senses in the learning process. The more
comprehensive a learning experience is, the more memorable it will be. Using AR and
VR in education and training activates multiple senses such as vision, sense of touch,
and hearing. AR and VR technologies can be used to create environments and
situations that are not available or easily accessible in reality. However, not all
conditions can be modeled even by using these technologies. As for example, a
sensation of zero gravity cannot be achieved in normal conditions.
AR and VR provide both highly educating but also entertaining environment for
learning. As discussed in this paper in the light of previous studies, AR and VR
enhance the learning experience and make it more efficient and effective. Thus, the
number of repetitions and time used for them may be reduced, which in terms reduces
cost and makes the effective use of facilities easier.
The ELM defines learning as an active and iterative process, which requires reflection
of the learning content. We assume this is the case when AR and VR are used in
training among adults. In medicine, the real training possibilities are often scarce, as
most operations with patients require experience. However, experience cannot be
acquired without training. The more doctors or medical students that have
possibilities for training, the better medical experts they will be. AR and VR
applications provide a safe and realistic method of training without any harm or risk
for patients. With AR and VR applications, medical procedures can be practiced and
repeated several times. Different situations and possible complications can be
simulated in order to practice also for cases that are rare or unlikely to happen. This
kind of training requires open mind and active approach from students and doctors,
and it is thus how the ELM is applied. Medical students, or doctors, are provided a

concrete, though simulated example of a certain medical condition, to which they
must respond (i.e. provide a solution), or a situation or procedure can be demonstrated
to them. With reflective observation, they can provide a solution to the question in
hand, based on their knowledge and existing skills. The new knowledge and skills
acquired by the exercise can be further developed and deepen by abstract
conceptualization. This can be helped e.g. by discussing the exercise in a group. As
the procedure or a certain technique has thus been practiced and processed, it can be
applied for either treating patients in practice, or for further training, e.g. using an
acquired skill for another simulated purpose. The same applies for astronauts. The
skills and procedures they require in their work are hard to practice on the ground, as
the environment in space is significantly different. Emulating working conditions that
are difficult to recreate in a real environment (e.g. zero gravity) provides means of
low-cost training capabilities. As a result, the training can be carried out in several
places around the World instead of using a specific singular facility built for the
purpose. By using AR or VR in their training, new skills can be acquired easier and
with less time, in more realistic conditions. In general, the training aimed at
enhancing professional knowledge and capabilities requires processing the content
that has been learnt. The acquired skills are usually soon put in use, either for
practicing, or real purposes. Thus, the ELM approach is highly useful in AR and VR
facilitated training, as they both support active learning and provide an effective
environment for learning by doing.
Combining ELM approach in AR and VR applications, as we have done in this paper,
provides several opportunities for further research. It would be interesting e.g. to
study applications on other field, or do comparative studies of AR or VR based
training with more traditional training methods, in order to prove their effectiveness
and efficiency with measurable data.
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