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Abstract
This paper presents a robust literature review on the subject of Virtual Reality and its use in training and educational
systems. Firstly, the beginnings of Virtual Reality are presented, then, advantages and disadvantages of virtual reality
environments are described. Various characteristics of Virtual Reality are highlighted, which have positive or negative
influence on learning or training ability of individuals. It is shown how various organizations could benefit from using
virtual reality in their daily activities. Such aspect as sense of presence is also described, which has tremendous effect on
how subjects perceive information in virtual world.
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1. Introduction
Previous research on this new technology is very helpful as it shows potential benefits and answers many questions,
thus allowing to continue new studies based on the accumulated knowledge. Nowadays, Virtual Reality (VR) technology
is used in various areas for various purposes. It is used in training, education, psychology, etc. Studies carried out in this
field suggest that training in virtual environments can replace the hours spent in the real world. This comes very handy
when training in real environments is impossible due to risk or cost. Although this technology is still in its infancy, it is
confidently gaining momentum and in the near future many people will be dealing with VR on a frequent basis, be it
watching movies in VR, playing games or improving skills for their profession.
The first traces of VR came from the world of science fiction. Stanley G. Weinbaum's 1935 short story "Pygmalion's
Spectacles" is recognized as one of the first works of science fiction that explores VR. It describes a google-based VR
system with holographic recording of fictional experiences including smell and touch [1]. Furthermore, if we go back to
the early 1950s, it was the time when Morton Heilig developed the Sensorama, a multisensory simulator with wind and
scent production, vibratory sensation and 3D display [2][3].
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Fig. 1. Morton Heilig's Sensorama
It was an arcade-style theatre cabinet that could simulate all the senses, not just sight and sound. It included stereo
speakers, stereoscopic 3D display, fans, vibrating chair and smell generators, that would allow nearly full immersion
inside the short films that Morton Heilig edited himself. Next Heilig’s invention was the Telesphere Mask in 1960, which
was the first example of a head-mounted display. The headset provided stereoscopic 3D and wide vision with stereo sound
but was non-interactive and without motion tracking. In 1987 Jaron Lanier, founder of the visual programming lab through
his company developed a range of VR devices, which include the Dataglove and the EyePhone head mounted display.
These inventions led to major breakthroughs in developments in this area.
Around that time, in 1968, Ivan Sutherland, a leader in computer graphics developed the “Sword of Damocles”, one
of the first Head Mounted Displays (HMDs), which overlaid computer graphics onto the real world, today known as
augmented/mixed reality systems [2][3].

Fig. 2. The Sword of Damocles by Ivan Sutherland
NASA also had big influence on the evolution of VR technology as they worked on developing HMDs for their
astronauts [3]. Throughout 1990s, we began to see VR devices to which the public had access. In 1993, SEGA announced
the Sega VR headset for the Sega Genesis Console, which prototype glasses supported head tracking, stereo sound and
LCD screens in the visor. Next was Nintendo Virtual Boy in 1995, a 3D gaming console that was promised to be the first
ever-portable console that would display true 3D graphics. Despite low prices, it was a commercial failure due to lack of
colors in graphics and lack of software support. As to the modern times, in 2010, the first Oculus Rift prototype saw the
light, in 2014, Sony announced PlayStation VR, a VR headset for PlayStation 4 video game console, and Google
announced Cardboard, a do-it-yourself stereoscopic viewer for smartphones. In 2015, HTC and Valve Corporation
announced the VR headset with controllers.
2.

Virtual Reality and Augmented Reality, the Difference

There is also another technology called Augmented Reality (AR), which is not the same as VR. The difference between
those is that AR simulates artificial objects in the real environment, while VR creates a simulated environment to inhabit.
VR and AR technology can be categorized as immersive VR, non-immersive VR, AR and mixed reality [4].
Both technologies have great potential in almost every industry, and each of them has different objectives. Although
in some cases they can be used for the same cause/idea, the results will always be different, for example, assembly of
objects can be shown with both technologies, but in different ways. Both will bring benefits if used as intended.
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Fig. 3. Virtual Reality vs Augmented Reality
In immersive VR, the real world is completely occluded from the field of view and the user has a stronger feeling of
presence in that virtual environment [4]. Examples of immersive VR are Oculus Rift and HTC Vive. In non-immersive
VR, the user remains aware that they are viewing a virtual environment [4]. The examples of non-immersive VR systems
are Samsung Gear VR and Google Cardboard. In AR, the virtual objects are like holograms, transparent in the real world
in daylight, whereas in mixed reality, virtual images appear solid to the user in daylight [4]. Examples of AR are Meta
and DAQRI. Examples of mixed reality are Microsoft HoloLens and Magic Leap. The integration of these technologies
in different practices (i.e., clinical practice) and commercial success is dependent on various variables, which are:
affordability, flexibility, wear ability, usability, immersion, mobility and vision [4][5]. VR and AR have the potential to
enhance the learning environment in comparison to traditional learning. It is mentioned that 3D learning can increase
learner’s motivation/engagement, improve spatial knowledge representation, improve contextualization of learning and
develop superior technical skills [6].
3.

Virtual Reality and Sense of Presence

In the modern time VR, technology became very popular and is used in many different areas such as entertainment,
military, healthcare, education, engineering etc. VR is a simulated environment that is created with computer technology
and presented to the user in such a way, that user starts to feel like in real environment. A Simulation is a model of a real
world where user has the ability to interact with the environment [7]. Simulations are helpful and useful as they provide
realistic context in which individuals can explore, experiment and see immediate results as they create models of their
own or try theories on the modelled concept [8]. Depending on the amount of senses simulated in VR, such as vision,
hearing, touch, balance, even smell, the immersion level in the artificial world can vary.
Thanks to modern technological advance of computer hardware and software, it became possible to incorporate 3D
VR in innovative applications of teaching, training, and learning [9][10][11]. Virtual environment or virtual world is a
computer generated 3D representation of real or fictional environments. A user can interact in such an environment
independently in the same pace, one would experience events in the real world [12]. VR has the ability to support realistic
and immersive simulation and enables transfer of taught skills in VR into real contexts as well as provide multi-user,
embodied and interactive active learning [13]. VR is believed to be a promising tool for training and complex problem
solving, which requires weighing multiple variables and situational decision making [13][14][15][16].
Sense of presence is defined as “a state of consciousness”, the psychological sense of being in the virtual environment
[17][18][19][20][21]. It is noted by various authors that sense of presence reduces social distance between learners and
improves skill acquisition and knowledge transfer by permitting multiple perspectives and situated performance
[16][20][22][23]. It was noted that sense of presence in virtual learning environments increases learner’s motivation and
engagement in learning process and potentially learning outcomes, by enabling focused and realistic interactions with
learning materials and activities [24][25][26].
A similar concept related to sense of presence is immersion – degree of “the subjective impression that one is
participating in a comprehensive, realistic experience” and “the semi-voluntary experience of being transported into an
alternate context for an extended duration” [15][27]. Previous research suggests that higher levels of immersion are
associated with higher levels of presence [20][28][29]. The psychological perception of being inside a virtual world is
known as presence [30]. Among many factors affecting user is feeling of presence, one is the content of the virtual world
[31]. Immersive experience can be created via the sensory and environmental fidelity in 3D virtual environment,
engagement with virtual objects and activities, and emotional experience activated through realistic scenarios in virtual
world [16]. VR has been implemented as a promising learning tool both for formal and informal learning contexts in a
variety of educational activities [11][32]. It was also reported that immersive VR could provide a virtual environment to
simulate teaching challenges and thus act as a pedagogical tool for the collaborative/cooperative teaching/training
program [33].
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It has been noted that haptic feedback increases the sense of presence in VEs [34]. Haptic feedback is usually described
as incorporating both kinesthetic (coming from muscles, joints and tendons) and tactile (coming from nerve receptors in
the skin) information [35][36][37]. Haptic feedback can be very useful and have positive effect on task performance. For
instance, it is said that teleoperators benefit from haptic feedback when manipulating remote objects [38][39]. Various
studies have been conducted within collaborative virtual environments (CVE) to find out how haptic feedback influences
performance. In one study a person was asked to hand over an object to another person within a CVE, which resulted in
faster task completion, higher sense of presence and participant’s belief in superiority of such actions, compared to those
without haptic feedback [40][41]. Similar study that also used CVE, where two people collaboratively had to move a
virtual ring along a virtual wire without touching a wire, showed that performance was significantly better using haptic
feedback and sense of presence was increased as well [42][43][44]. Lastly, another study within a CVE in which two
participants had to lift a virtual box together, suggests that haptic feedback evokes a greater sense of co-presence [45].
VR is characterized with representational fidelity, learner interaction, support of psychological sense of presence,
immersion and multi-user environment for embodied interactions [6]. Prior studies note that immersive VR learning
environment also enhances situated learning through simulation of realistic contexts and providing contextualized
learning activities [46][47][48], thus improving performance transfer from learning environment to the real-world
setting [49][50]. Nowadays flight simulators are used widely both for entertainment and training purposes, as they provide
realistic environments to the extent that flight training hours can be replaced by corresponding simulator hours [51].
Several unique affordances of an immersive VR learning environment include: (I) virtual agents/avatars that act like real
personalized and interactive learning partners that sometimes cannot be easily arranged in a real-world, (II) unlimited
variations of 3D VR environments, and (III) possibility to transfer sensory representations to improve virtual learning
actions [16][46].
4.

Virtual Reality in Training and Education

VR simulations prove to be effective for not only educational purposes but also in situations, where human lives can
be at risk or it could be hard and costly to check with a high precision, weather some changes are worthwhile to introduce
to the real environment.
Interactivity is the most fundamental aspect in learning. It is mentioned that both, providing a learning environment
and interaction with PCs may promote a better understanding of things [52]. Despite many studies in this area, there is
still controversy about the real effects of VR on learning and cognition, but preliminary results indicate that the use of
VR can increase learning performance [53], facilitate usability and enhance interaction [54], help to reconstruct and
navigate through non-existent environments [55], help disabled learners with knowledge accessibility [56], etc. Serious
games tend to be used often in formal education and with sufficient support are shown to be highly motivational and
effective in learning complex tasks [57][58].
VR Technology can be of great use for emergency service personnel such as police, ambulance, fire fighters and army,
as they have to be prepared for various operations at all times, thus continuous training is crucial for their success and
security. But training in real environment is sometimes impossible, due to cost or complexity and the good alternative
that comes handy is virtual training environment, which allows training for such complex collaborative tasks [59][60].
Thus, if the situation does not predispose for real life training practice due to danger, cost or effort, emergency service
personnel can profit from virtual training to train for scenarios in real environment [61]. VR is also widely used in
ergonomic applications, where workplaces are constructed virtually with the help of simulator softwares such as
Tecnomatix Jack or DELMIA5 [62], than they can analyzed to make specific changes in the real workplace environment.
Often VR training is the only option that is possible [63]. Some studies suggest that virtual training environments can be
used successfully for training specific skills, such as spatial perception, route learning or the reactions in certain
emergency situations [61][64][65][66]. There is also evidence that 3D presentation of visual information in virtual
environment promotes better collaborative decision-making compared to 2D presentation [67].
Virtual training environments (VTEs) keep learners motivated and engaged in learning process [68] and have also
been proven to be very useful in pedagogical contexts [69]. VTEs allow wide variety of learning styles and support
collaborative knowledge building and reflective thinking [69] as well as experiential learning [70]. To enhance the effects
of training, adequate instructions can be adapted to pre-training, during-training and post-training phase [71]. Some
authors suggest debriefings during and/or after a training session, where individuals reflect on the training, to foster
transfer of such complex team tasks [72]. It is also mentioned that virtual team performance resembles team performance
in reality [73]. Team performance is dependent on whether procedures are established within a team, how conflicts are
resolved and if collaboration occurs [73].
Many authors highlight the need for realistic virtual training, where training simulation holds information overload
and pressure during an operation, especially when the training is meant for crisis management [74]. It is important for the
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emotional state to be invoked during training and it should be as close to emotional state trainees would confront during
and actual operation as possible, because of the strong effect of emotions on decision-making, learning and problemsolving [74]. Similar research suggests that virtual training for action forces such as military or fire fighters should provide
first-person experiences and situated learning without time for conscious thoughts, but with the possibility of gaining
knowledge [63]. The levels of immersion or presence in the virtual environment seem to be crucial for the development
of first-person experiences and the knowledge gained is then “direct, personal, subjective and often tacit” and can be
transferred to the real world [75]. It is noted that first-person perspective can improve learning in virtual environment
[76]. In addition, it is suggested that mental representations acquired in a VTE might be similar or close to representations
of real objects [64]. Experiences that individuals build in virtual environments can then become recallable and used
successfully in the real world [77]. Some authors mention that in order to maximize the transfer of skills from virtual
training to reality, the context of the virtual training task should be as close and similar to the task in reality as possible
[78]. In addition, structuring virtual learning according to psychological factors along with fidelity to real equipment plays
big role in knowledge transfer [79]. As virtual simulations or games allow exploration of realistic scenarios, learning and
performance can be enhanced [72]. There is a promising potential of VTEs in educational curriculum [80].
It is important to note that assessing the level of relevance and value of training to trainees to find out the usefulness
of training content to them is crucial [81], as this kind of information can help predict the transfer of knowledge and the
impact of training on job performance [82]. Learning measures alone cannot be used to show whether gained knowledge
will be applied, but a positive attitude towards the training makes it more probable that transfer will be successful [82]. If
trainees accept training and see personal relevance for their job, they will have higher motivation to learn [83].
One of the uses of VR can be helping those with autism to lessen social anxiety and frustration and improve academic
and social skills. Individuals with autism suffer impairment in social functions which leads to difficulties in social
interactions, communication and emotion recognition [84][85]. Despite their good academic performance, social
communication barrier can lead to frustration [85][86] and this in turn can worsen academic performance due to low selfesteem, even though their intellectual abilities are average or above that [87]. VR can be used for social training and
provide safe and unlimited contexts to practice social scenarios that are most commonly encountered in our everyday life
[88][89][90] and as a result, social anxiety can be reduced [91]. Additionally, it is noted that computer technology is often
highly motivating and rewarding for those suffering with ASD (Autism Spectrum Disorder) and especially children with
HFA (High Functioning Autism) [92]. Various studies suggest that VR environments can help individuals with autism
disorders improve social problem solving and social understanding (i. e., knowing when to initiate conversation, what
other person feels, choosing appropriate seat) [93][94][95].
The fact that VR reality systems can allow users to explore immersive 3D environments from any location at any
time, could have a profound impact on science education [96]. VR allows exploration of hidden phenomena, distant
locations and manipulation of otherwise immutable objects [97]. For instance, VR gives the possibility for medical
students to explore delicate internal organs that would otherwise require cadaver (corpse) dissection [98]. VR can be a
promising replacement to cadaver dissection for learning anatomy and practicing surgical procedures [99]. Direct
manipulation of objects in virtual environment may promote development of “embodied”, multi-modal mental
representations of represented objects [100]. Embodied learning allows students to practice via simulations or mental
imagery when there is no physical opportunity [100]. The ability to imagine and mentally manipulate anatomical
structures is a crucial skill that medical students must have [101]. VR and computer models represent a good alternative
for medical students and other professionals to practice their skills when access to patients or cadavers is limited [102]. It
is also noted that to create a realistic and complex simulation/serious game with interactive objects requires some
methodology and as the size and complexity of a game/simulation increases, it’s becoming harder to control the
environment and objects, thus a methodology is required to steadily construct a 3D Virtual World[103].
Many games have been developed using 3D images with which users need to interact in order to learn certain tasks.
Interaction and immersion are the key elements when it comes to making learning process more enjoyable. 3D animations
can be used to teach students various procedures and mechanisms for carrying out specific tasks [104]. Furthermore, some
VR environments can support multiple user collaboration/cooperation, where students learn together and from each other
[105]. This is a good way to increase their motivation for studying. It was noted, that text-based learning content often
leads to boredom and can prevent students from understanding the subject [106]. It is also noted that in many different
contexts video is a more effective form of learning compared to books [107].
Student motivation is vital as it has a direct influence on his/her desire and dedication to accomplish specific task
[108]. Motivation is a major cognitive factor influencing learning and thus the better-motivated students can learn with
higher efficiency [109]. There is a research suggesting that 3D full immersive VR Reality Learning Environments (VRLE)
will increase learner‘s interest and motivation towards learning process more compared to 2D animated environments
[110].
It has been argued by some authors that emotions play big role in learning. Some suggest that different emotional
states induce different kinds of thinking [111], and others mention that a slight positive mood effects thinking in a positive
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way as well, thus leading towards greater creativity and flexibility in problem solving [112]. Thanks to today‘s knowledge
and technologies, VR environments can be created and filled with various interesting elements, making it motivative and
fun for students to explore, thus making the learning process more fruitful.
5.

Conclusion

In this paper, we showed a multitude of studies on the subject of Virtual Reality. This is a new technology which has
to be tested in order to find the potential of use in different areas of our lives, be it enjoyment, education, training, etc. As
there are some flaws in this technology, still, most of the studies on Virtual Reality emphasize its substantial benefits.
Previous research is very helpful as it displays what has been done in this field as well as what new could be done.
Furthermore, it answers some questions in regards if Virtual Reality could be used in specific scenarios and what outcomes
to await.
This knowledge is not final, as there are more studies to come, some will be controversial as well, but it is already
proved, that there is great significance in Virtual Reality applications and that Virtual Reality technology will take big
part of our lives in the near future.
6.

Acknowledgement
This paper is based upon work sponsored by project LO1502 Development of Regional Technological Institute.

7.

References

[1] History of Virtual Reality. In Wikipedia. Retrieved August 10, 2016 Available from
https://en.wikipedia.org/wiki/Virtual_reality#History
[2] Drummond K.H, Houston T, Irvine T, et al. (2014). The rise and fall and rise of virtual reality. Vox Media.
[3] Virtual reality systems. San Diego, CA: Academic Press Limited; 1993, ISBN: 0-12-227748-1
[4] Merel, T. (2015), The 7 drivers of the $150 billion AR/VR industry. Aol Tech; Available from
https://techcrunch.com/2015/07/08/the-7-drivers-of-the-150-billion-arvr-industry
[5] Sekhar LN, Tariq F, Kim LJ, et al. (2013). Commentary: virtual reality and robotics in neurosurgery. Neurosurgery;
72:1–6. DOI:10.122/NEU.0b013e31827db647
[6] Dalgarno BL, Mark JW, (2010). What are the learning affordances of 3-D virtual environments? British Journal of
Education Technology; 41: pp.10–32. DOI:10.1111/j.1467-8535.2009.01038.x
[7] Thurman, R. A., (1993). Instructional simulation from a cognitive psychology viewpoint. Educational technology
research and development, 41(4), pp.75-89. DOI:10.1007/bf02297513
[8] Rieber, L.P. (1992). Computer-based microworlds: a bridge between constructivism and direct instruction.
Educational Technology Research and Development, 40(1), pp.93-106. DOI:10.1007/BF02296709
[9] Abulrub, A. G., Attridge, A. N., & Williams, M. A. (2011). Virtual reality in engineering education: the future of
creative learning. In Global engineering education conference (EDUCON), 2011 IEEE (pp. 751-757).
DOI:10.1109/EDUCON.2011.5773223
[10] Gregory, S., Gregory, B., Reiners, T., Fardinpour, A., Hillier, M., Lee, M., Basu, A. (2013). Virtual worlds in
Australian and New Zealand higher education: remembering the past, understanding the present and imagining the
future. In ASCILITE 2013 “Electric dreams”, 1-4 december 2013. Sydney, NSW: Macquarie University. ISBN
9781741384031
[11] Jou, M., & Wang, J. (2013). Investigation of effects of virtual reality environments on learning performance of
technical skills. Computers in Human Behavior, 29(2), pp.433-438. DOI: 10.1016/j.chb.2012.04.020
[12] Mitchell, P., Parsons, S., & Leonard, A. (2007). Using virtual environments for teaching social understanding to 6
adolescents with autistic spectrum disorders. Journal of autism and developmental disorders, 37(3), pp.589-600.
DOI: 10.1007/S10803-006-0189-8
[13] Cheng, Y., & Wang, S. H. (2011). Applying a 3D virtual learning environment to facilitate student's application
ability-the case of marketing. Computers in Human Behavior, 27(1), pp.576-584. DOI: 10.1016/j.chb.2010.10.008
[14] Bertram, J., Moskaliuk, J., & Cress, U. (2015). Virtual training: making reality work? Computers in Human
Behavior, 43, pp.284-292. DOI: 10.1016/j.chb.2014.10.032
[15] Dede, C. (2005). Millennial learning styles. Educause Quarterly, 28(1), pp.7-12.
[16] Dede, C. (2009). Immersive interfaces for engagement and learning. Science, 323(5910), pp.66-69. DOI:
10.1126/science.1167311
[17] Barfield, W., & Hendrix, C. (1995). The effect of update rate on the sense of presence within virtual environments.
Virtual Reality, 1(1), pp.3-15. DOI: 10.1007/BF02009709
[18] Heeter, C. (1992). Being there: the subjective experience of presence. Presence: Teleoperators and virtual
environments, 1(2), pp.262-271. DOI: 10.1162/pres.1992.1.2.262
[19] Lee, K. M. (2004). Presence, explicated. Communication theory, 14(1), pp.27-50. DOI: 10.1111/j.14682885.2004.tb00302.x

- 0713 -

28TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
[20] Slater, M., & Wilbur, S. (1997). A framework for immersive virtual environments (FIVE): speculations on the role
of presence in virtual environments. Presence: Teleoperators and Virtual Environments, 6(6), pp.603-616. DOI:
10.1162/pres.1997.6.6.603
[21] Witmer, B. G. B. G., Jerome, C., & Singer, M. (2005). The factor structure of the presence questionnaire. Presence,
14(3), pp.298-312. DOI: 10.1162/105474605323384654
[22] Mantovani, F., & Castelnuovo, G. (2003). The sense of presence in virtual training: enhancing skills acquisition and
transfer of knowledge through learning experience in virtual environments. In G. D. F. Riva (Ed.), Being there:
concepts, effects and measurement of user presence in synthetic environments (pp. 167-182). Amsterdam: IOS
Press.
[23] Palloff, R. M., & Pratt, K. (1999). Building learning communities in cyberspace (vol. 12). San Francisco: JosseyBass.
[24] Mikropoulos, T. A. (2006). Presence: a unique characteristic in educational virtual environments. Virtual Reality,
10(3-4), pp.197-206. DOI: 10.1007/s10055-006-0039-1
[25] Persky, S., Kaphingst, K. A., McCall, C., Lachance, C., Beall, A. C., & Blascovich, J. (2009). Presence relates to
distinct outcomes in two virtual environments employing different learning modalities. CyberPsychology and
Behavior, 12(3), pp.263-268. DOI: 10.1089/cpb.2008.0262
[26] Selverian, M. M., & Hwang, H. S. (2003). In search of presence: a systematic evaluation of evolving VLEs.
PRESENCE: Teleoperators and Virtual Environments, 12(5), pp.512-522. DOI: 10.1162/105474603322761306
[27] Buchanan, K. (2006). Beyond attention-getters: Designing for deep engagement (Unpublished doctoral dissertation).
Michigan: Michigan State University. Retrieved from http://education.uwsp.edu/publications/buchanan_2006_
beyond_attention.pdf.
[28] Bystrom, K. E., Barfield,W., & Hendrix, C. (1999). A conceptual model of the sense of presence in virtual
environments. Presence: Teleoperators and Virtual Environments, 8(2), pp.241-244. DOI:
10.1162/105474699566107
[29] Faiola, A., Newlon, C., Pfaff, M., & Smyslova, O. (2013). Correlating the effects of flow and telepresence in virtual
worlds: enhancing our understanding of user behavior in game-based learning. Computers in Human Behavior,
29(3), pp.1113-1121. DOI: 10.1016/j.chb.2012.10.003
[30] Witmer B. and Singer M. (2000). “Measuring presence in virtual environments: A presence questionnaire”.
Presence: Teleoperators and Virtual Environments, vol. 9, issue 5, pp.497-503. DOI: 10.1162/105474698565686
[31] Ijsselsteijn W.A, H. de Ridder, 1. Freeman and S.E. Avons, (2000). “Piesence: Concept, determinants and
measurement”, Proceedings of the SPIE, Human Vision and Electronic Imaging V, San Jose, CA, pp.3959-3976.
ISBN 0-8194-4577-5
[32] Hew, K. F., & Cheung,W. S. (2010). Use of three-dimensional (3-D) immersive virtual worlds in K-12 and higher
education settings: a review of the research. British journal of educational technology, 41(1), pp.33-55. DOI:
10.1111/j.1467-8535.2008.00900.x
[33] Quintana, M. G. B., & Fernandez, S. M. (2015). A pedagogical model to develop teaching skills. The collaborative
learning experience in the Immersive Virtual World TYMMI. Computers in Human Behavior, 51, pp.594-603. DOI:
10.1016/j.chb.2015.03.016
[34] Hoffman H., GroeN J. Rousseau S., Hollander A., Winn W., Wells M. and Furness T. (1996). “Tactile augmentation:
Enhancing presence in virtual reality with tactile feedback from real objects”. Proceedings of the 1996 Convention
of the American Psychological Society.
[35] Bowman, D., Kruijff E., La Viola J. and Poupyrev I. (2000). “The art and science of 3D interaction”. Tutorial notes
from the IEEE International Virtual Reality 2000 Conference, New Brunswick. NJ.
[36] Durlach, N.I. and Mavor A.S., (1995). Vinual Reality: Scientific and Technological Challenges. Academic Press.
Washington, D.C. DOI: 10.17226/4761
[37] Hoffman, H.G., Prothero J.D., Wells M.J. and Groen I. (1998). “Virtual chess: Meaning enhances users’ sense of
presence in virtual environments”, International Journal of Human Computer Interaction, vol. 10 issue 2, pp.251263. DOI: 10.1207/S15327590ijhc1003_3
[38] Das, H., Zak, H., Kim, W.S., Bejczy, A.K. and Schenker, P.S. (1992). “Operator performance with alternative
manual control modes in teleoperation”, Presence: Teleoperators and Virtual Environments, vol. I issue 2., pp.201218. DOI: 10.1162/pres.1992.1.2.201
[39] Petzold, B., Zach, M.F., Faerber, B., Deml, B., Egermeier, H., Schilp, J. and Clarke, S. (2004). “A study on visual.
auditory and haptic feedback for assembly tasks”. Presence: Teleoperators and Virtual Environments. vol. 13 issue
1, pp.16-21. DOI: 10.1162/105474604774048207
[40] Sallnäs, E.-L. (1999). “Presence in multimodal interfaces”, Second International Workshop on Presence, University
of Essex.
[41] Sallnäs, E.-L., Rassmus-Gröhn and Sjöström, C. (2000). “Supporting Presence in collaborative environments by
haptic force feedback “, ACM Transactions on Computer- Human Interaction”, vol. 7 issue 4,461476. DOI:
10.1145/365058.365086
[42] Basdogan, C., Ho, C., Slater, M. and Srinivasan, M.A. (1998). “The role of haptic communication in shared virtual
environments”, Proceedings of the Third Workshop on Phantom User Group, Dedham. MA.

- 0714 -

28TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
[43] Basdogan, C., Ho, C., Srinivasan, M.A. and Slater, M., (2000). “An experimental study on the role of touch in
shared virtual environments”, ACM Transactions on Computer-Human Interaction. vol. 7 issue 4.443460. DOI:
10.1145/365058.365082
[44] Basdogan, C. Ha. C., Slater, M., Durlach, N. and Srinivasan, M.A. (1998). “An experiment on the influence of haptic
communication on the sense of being together”. Proceedings of the British Telecom Workshop on Presence in
Shared Virtual Environments, Ipswich, England.
[45] Jordan, I., Mortensen, J., Oliveira, M., Slater, M., Tay, B.K., Kim, J. and Srinivasan, M.A. (2002). “Collaboration
in a mediated haptic environment”. Proceedings of the 5𝑡ℎ Annual lnremarional Workshop on Presence, 2002.
[46] Bailenson, J. N., Yee, N., Blascovich, J., Beall, A. C., Lundblad, N., & Jin, M. (2008). The use of immersive virtual
reality in the learning sciences: digital transformations of teachers, students, and social context. The Journal of the
Learning Sciences, 17(1), pp.102-141. DOI: 10.1080/10508400701793141
[47] Barab, S., Sadler, T., Heiselt, C., Hickey, D., & Zuiker, S. (2007). Relating narrative, inquiry, and inscriptions: a
framework for socio-scientific inquiry. Journal of Science Education and Technology, 16(1), pp.59-82. DOI:
10.1007/s10956-006-9033-3
[48] Ketelhut, D. J., Dede, C., Clarke, J., Nelson, B., & Bowman. (2007). Studying situated learning in a multi-user
virtual environment. In E. Baker, J. Dickieson, W. Wulfeck, & H. O'Neil (Eds.), Assessment of problem solving
using simulations (pp. 37-58). Mahwah, NJ: Lawrence Erlbaum Associates.
[49] Bossard, C., Kermarrec, G., Buche, C., & Tisseau, J. (2008). Transfer of learning in virtual environments: a new
challenge? Virtual Reality, 12(3), pp.151-161. DOI 10.1007/s10055-008-0093-y
[50] Park, J., MacRae, H., Musselman, L. J., Rossos, P., Hamstra, S. J., Wolman, S., et al. (2007). Randomized controlled
trial of virtual reality simulator training: transfer to live patients. The American journal of surgery, 194(2), pp.205211. DOI: 10.1016/j.amjsurg.2006.11.032
[51] Federal Aviation Administration, Qualification and Approval of Personal Computer-Based Aviation Training
Devices (Advisory Circular No. AC 61–126, 5/12/97), U.S. Department of Transportation, Washington D.C., 1997.
[52] Seymour, P., Nicholas, N., The Connected Family: Bridging the Digital Generation Gap, Longstreet Press, (1996).
ISBN - 1563523353
[53] Carpenter, T.& Anderson, L. (1996). Using virtual reality technology for learning design skills, Proceedings of EDMEDIA 96, Boston, USA, pp. 752
[54] Mikropoulos, T.& Nikolou E. (1996). A virtual hand with tactile feedback for virtual learning
environments,Proceedings of ED-MEDIA 96, Boston, USA, pp. 792
[55] Littman, M. (1996). Enhancing instruction through virtual reality, Proceedings of ICTE, New Orleans, USA,pp. 3133
[56] Lumbreras, M., Sánchez J., Barcia M. (1996), A 3D sound hypermedial system for the blind. In Proceedings of the
First European Conference on Disability, Virtual Reality and Associated Technologies, pp.187-191, Maidenhead,
UK.
[57] Chatti, Mohamed Amine, et al. (2012). "A reference model for learning analytics." International Journal of
Technology Enhanced Learning 4.5- 6: pp.318-331. DOI: 10.1504/IJTEL.2012.051815
[58] Eseryel, D., Law, V., Ifenthaler, D., Ge, X., & Miller, R. (2014). An investigation of the interrelationships between
motivation, engagement, and complex problem solving in game-based learning. Journal of Educational Technology
& Society, 17(1), pp.42-53. ISSN: 11763647
[59] Moskaliuk, Bertram & Cress. (2013a). Impact of virtual training environments on the acquisition and transfer of
knowledge. Cyberpsychology, Behavior, and Social Networking, 16(3), 210–214. DOI: 10.1089/cyber.2012.0416
[60] Moskaliuk, Bertram & Cress. (2013b). Training in virtual environments: Putting theory into practice. Ergonomics,
56(2), pp.195–204. DOI: 10.1080/00140139.2012.745623
[61] Rose, F. D., Attree, E. A., Brooks, B. M., Parslow, D. M., Penn, P. R., & Amibihaipahan, N. (2000). Training in
virtual environments: Transfer to real world tasks and equivalence to real task training. Ergonomics, 43(4), pp.494–
511. DOI: 10.1080/001401300184378
[62] Bures, M. (2016). Time Demands of Virtual Ergonomic Modelling – Experimental Study, Proceedings of the 26th
DAAAM International Symposium, pp.0286-0291, B. Katalinic (Ed.), Published by DAAAM International, ISBN
978-3-902734-07-5, ISSN 1726-9679, Vienna, Austria, DOI:10.2507/26th.daaam.proceedings.039
[63] Romano, D. M., & Brna, P. (2001). Presence and reflection in training: Support for learning to improve quality
decision-making skills under time limitations. CyberPsychology & Behavior, 4(2), pp.265–277. DOI:
10.1089/109493101300117947
[64] Arthur, E. J., Hancock, P. A., & Chrysler, S. T. (1997). The perception of spatial layout in real and virtual worlds.
Ergonomics, 40(1), pp.69–77. DOI: 10.1080/001401397188387
[65] Gamberini, L., Cottone, P., Spagnolli, A., Varotto, D., & Mantovani, G. (2003). Responding to a fire emergency in
a virtual environment: Different patterns of action for different situations. Ergonomics, 46(8), pp.842–858. DOI:
10.1080/0014013031000111266
[66] Lloyd, J., Persaud, N. V., & Powell, T. E. (2009). Equivalence of real-world and virtualreality route learning: A
pilot study. Cyberpsychology & Behavior, 12(4), pp.423–427. DOI: 10.1089/cpb.2008.0326

- 0715 -

28TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
[67] Van Der Land, S., Schouten, A. P., Feldberg, F., Van Den Hooff, B., & Huysman, M. (2013). Lost in space?
Cognitive fit and cognitive load in 3D virtual environments. Computers in Human Behavior, 29(3), pp.1054–1064.
DOI: 10.1016/j.chb.2012.09.006
[68] Monahan, T., McArdle, G., & Bertolotto, M. (2008). Virtual reality for collaborative elearning. Computers &
Education, 50(4), pp.1339–1353. DOI: 10.1016/j.compedu.2006.12.008
[69] Mikropoulos, T. A., & Natsis, A. (2011). Educational virtual environments: A ten-year review of empirical research
(1999–2009). Computers & Education, 56(3), pp.769–780. DOI: 10.1016/j.compedu.2010.10.020
[70] Jarmon, L., Traphagan, T., Mayrath, M., & Trivedi, A. (2009). Virtual world teaching, experiential learning, and
assessment: An interdisciplinary communication course in Second Life. Computers & Education, 53(1), pp.169–
182. DOI: 10.1016/j.compedu.2009.01.010
[71] Vogel-Walcutt, J. J., Fiorella, L., & Malone, N. (2013). Instructional strategies framework for military training
systems. Computers in Human Behavior, 29(4), pp.1490–1498. DOI: 10.1016/j.chb.2013.01.038
[72] Salas, E., Tannenbaum, S. I., Kraiger, K., & Smith-Jentsch, K. A. (2012). The science of training and development
in organizations: What matters in practice. Psychological Science in the Public Interest, 13(2), pp.74–101. DOI:
10.1177/1529100612436661
[73] Johnson, S. D., Suriya, C., Won Yoon, S., Berrett, J. V., & La Fleur, J. (2002). Team development and group
processes of virtual learning teams. Computers & Education, 39(4), pp.379–393. ISSN 0360-1315
[74] Bacon, L., Windall, G., & MacKinnon, L. (2012). The development of a rich multimedia training environment for
crisis management: Using emotional affect to enhance learning. Research in Learning Technology, 19. DOI:
10.3402/rlt.v19s1/7780
[75] Winn, W. (1993). A conceptual basis for educational applications of virtual reality. Human interface technology
laboratory of the washington technology center. Seattle: University of Washington. Technical Publication R-93-9.
[76] Lindgren, R. (2012). Generating a learning stance through perspective-taking in a virtual environment. Computers
in Human Behavior, 28(4), pp.1130–1139. DOI: 10.1016/j.chb.2012.01.021
[77] Tichon, J. G. (2007). Using presence to improve a virtual training environment. CyberPsychology & Behavior,
10(6), 781–787. DOI: 10.1089/cpb.2007.0005
[78] Kozak, J. J., Hancock, P. A., Arthur, E. J., & Chrysler, S. T. (1993). Transfer of training from virtual reality.
Ergonomics, 36(7), pp.777–784. DOI: 10.1080/00140139308967941
[79] Dorsey, D., Campbell, G., & Russell, S. (2009). Adopting the instructional science paradigm to encompass training
in virtual environments. Theoretical Issues in Ergonomics Science, 10(3), pp.197–215. DOI:
10.1080/14639220802151427
[80] Chittaro, L., & Ranon, R. (2007). Web3D technologies in learning, education and training: Motivations, issues,
opportunities. Computers & Education, 49(1), pp.3–18. DOI: 10.1016/j.compedu.2005.06.002
[81] Salas, E., Milham, L. M., & Bowers, C. A. (2003). Training evaluation in the military: Misconceptions,
opportunities, and challenges. Military Psychology, 15(1), pp.3–16. DOI: 10.1207/S15327876MP1501_01
[82] Alliger, G. M., Tannenbaum, S. I., Bennett, W., Jr., Traver, H., & Shotland, A. (1997). A meta-analysis of the
relations among training criteria. Personnel Psychology, 50(2), pp.341–358. DOI: 10.1111/j.17446570.1997.tb00911.x
[83] Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation, social
development, and well-being. American Psychologist, 55(1), pp.68–78. DOI: 10.1037110003-066X.55.1.68
[84] American Psychiatric Association. (2000). Diagnostic and statistical manual of mental disorders (4th ed.).
Washington, DC: American Psychiatric Association. ISBN 0-89042-062-9
[85] Hooper, S. R., Poon, K. K., Marcus, L., & Fine, C. (2006). Neuropsychological characteristics of school-age children
with high-functioning autism: performance on the NEPSY. Child Neuropsychology, 12, pp.299-305. DOI :
10.1080/09297040600737984.
[86] Rinehart, N. J., Bradshaw, J. L., Brereton, A. V., & Tonge, B. J. (2001). Movement preparation in high-functioning
autism and Asperger disorder: a serial choice reaction time task involving motor reprogramming. Journal of Autism
and Developmental Disorders, 31(1), pp.79-88. DOI: 10.1023/A:1005617831035
[87] Welsh, M., Parke, R. D., Widaman, K., & O'Neil, R. (2001). Linkages between children's social and academic
competence: a longitudinal analysis. Journal of School Psychology, 39(6), pp.463-482. DOI: 10.1016/S00224405(01)00084-X
[88] Kandalaft, M. R., Didehbani, N., Krawczyk, D. C., Allen, T. T., & Chapman, S. B. (2013). Virtual Reality Social
Cognition Training for young adults with high-functioning autism. Journal of Autism and Developmental Disorders,
43, pp.34-44. DOI: 10.1007/s10803-012-1544-6.
[89] Parsons, S., Mitchell, P., & Leonard, A. (2005). Do adolescents with autistic spectrum disorders adhere to social
conventions in virtual environments? Autism, 9, pp.95-117. DOI: 10.1177/1362361305049032.
[90] Wallace, S., Parsons, S., Westbury, A., White, K., & Bailey, A. (2010). Sense of presence and atypical social
judgments in immersive virtual environments: responses of adolescents with Autism Spectrum Disorders. Autism,
14, pp.199-213. DOI: 10.1177/1362361310363283
[91] Maskey, M., Lowry, J., Rodgers, J., McConachie, H., & Parr, J. R. (2014). Reducing specific phobia/fear in young
people with Autism Spectrum Disorders (ASDs) through a virtual reality environment intervention. PLoS One, 9(7),
DOI: 10.1371/journal.pone.0100374

- 0716 -

28TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
[92] Parsons, S., & Mitchell, P. (2002). The potential of virtual reality in social skills training for people with autistic
spectrum disorders. Journal of Intellectual Disability Research, 46(5), pp.430-443. DOI: 10.1046/j.13652788.2002.00425.x
[93] Parsons, S., Mitchell, P., & Leonard, A. (2004). The use and understanding of virtual environments by adolescents
with autistic spectrum disorders. Journal of Autism and Developmental Disorders, 34(4), pp.449-466. DOI:
10.1023/B:JADD.0000037421.98517.8d
[94] Cheng, Y., & Ye, J. (2010). Exploring the social competence of students with autism spectrum conditions in a
collaborative virtual learning environment: the pilot study. Computers and Education, 54, pp.1068-1077.
http://dx.doi.org/10.1016/ j.compedu.2009.10.011.
[95] Herrera, G., Alcantud, F., Jordan, R., Blanquer, A., Labajo, G., & De Pablo, C. (2008). Development of symbolic
play through the use of virtual reality tools in children with autistic spectrum disorders: two case studies. Autism,
12, 143-157. DOI: 10.1177/1362361307086657.
[96] Merchant, Z., Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W., & Davis, T. J. (2014). Effectiveness of virtual
reality-based instruction on students' learning outcomes in K-12 and higher education: A meta-analysis. Computers
and Education, 70, pp.29-40. DOI: 10.1016/j.compedu.2013.07.033
[97] Lee, E. A. L., & Wong, K. W. (2014). Learning with desktop virtual reality: Low spatial ability learners are more
positively affected. Computers and Education, 79, pp.49-58. DOI: 10.1016/j.compedu.2014.07.010
[98] Nicholson, D. T., Chalk, C., Funnell, W. R. J., & Daniel, S. J. (2006). Can virtual reality improve anatomy
education? A randomised controlled study of a computer-generated three-dimensional anatomical ear model.
Medical Education, 40(11), pp.1081-1087. DOI: 10.1111/j.1365-2929.2006.02611.x
[99] Lee, E. A. L., & Wong, K. W. (2014). Learning with desktop virtual reality: Low spatial ability learners are more
positively affected. Computers and Education, 79, pp.49-58. DOI: 10.1016/j.compedu.2014.07.010
[100] Barsalou, L. W. (1999). Perceptual symbol systems. Behavioral and Brain Sciences, 22, pp.577-609. DOI:
10.1017/S0140525X99532147
[101] Stull, A. T., Hegarty, M., & Mayer, R. E. (2009). Getting a handle on learning anatomy with interactive threedimensional graphics. Journal of Educational Psychology, 101(4), pp.803-816. ISSN 0022-0663
[102] Hessinger, M., Holzinger, A., Leitner, D., & Wassertheurer, S. (2008). Hemodynamic models for education in
physiology. Mathematics and Computers in Simulation, 79(4), pp.1039-1047. DOI: 10.1016/j.matcom.2008.02.015
[103] Polcar, J, Gregor M, Horejsi P, Kopecek P. (2016). Methodology for Designing Virtual Reality Applications,
Proceedings of the 26th DAAAM International Symposium, pp.0768-0774, B. Katalinic (Ed.), Published by
DAAAM
International,
ISBN
978-3-902734-07-5,
ISSN
1726-9679,
Vienna,
Austria,
DOI:10.2507/26th.daaam.proceedings.107
[104] Nijholt, A. (2000). Agent-supported cooperative learning environments. In Proceedings of the international
workshop on advanced learning technologies. DOI: 10.1109/IWALT.2000.890554
[105] Kitchen, D., & McDougall, D. (1998). Collaborative learning on the Internet. Journal of Educational Technology
Systems, 27, pp.245–258. ISSN-0047-2395
[106] Zhang, D., Zhao, J. L., Zhou, L., & Nunamaker, J. F. (2004). Can E-learning replace classroom learning?
Communications of the ACM,47(5), pp.74–79. DOI: 10.1145/986213.986216
[107] McNeal B. J. and Nelson K. R., (1991). “Meta-analysis of interactive video instruction: A 10 year review of
achievement effects,”J. COMP. BASED INSTR, vol. 18, no. 1, pp. 1–6. ISSN-0098-597X
[108] Keller J. M. and Litchfield B. C. (2002) “Motivation and Performance.” Trends and Issues in Instructional Design
and Technology. (R. A. Reiser & J. V. Dempsey, Eds.). Upper Saddle River, NJ: Pearson Education. ISBN-13:
9780132999441
[109] Sutcliffe, A. (2003). Multimedia and virtual reality. New York: Lawrence Erlbaum Associates. ISBN: 080583950X
[110] Limniou, M., Roberts, D., & Papadopoulos, N. (2008). Full immersive virtual environment CAVETM in chemistry
education. Computer & Education, 51, pp.584-593. DOI: 10.1016/j.compedu.2007.06.014
[111] Minsky, M (2003): The Emotional Machine, http://web.media.mit.edu/~minsky/
[112] Picard, R.W., Papert, S., Bender, W., Blumberg, B., Breazeal, C.,Cavallo, D., Machover, T., Resnick, M., Roy, D.
and Strohecker, C (2004): Affective learning — a manifesto. BT TechnologyJournal 22(4). DOI:
10.1023/B:BTTJ.0000047603.37042.33
[113] Fig. 1. Available from www.mortonheilig.com/InventorVR.html
[114] Fig. 2. Available from www.geek.com/news/the-history-of-virtual-reality-games-1652225
[115] Fig. 3. Available from www.cl3ver.com/blog/vr-vs-ar-in-architecture

- 0717 -

