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Virtual reality (VR) and augmented reality (AR) are emerging technologies with a variety of potential benefits for

sustainability education. Here, learning processes such as flow and presence seem to determine the learning

experience. VR is understood as a computer-generated simulation that is three-dimensional (3D), multisensory,

and interactive. The user can inhabit and act within a virtual environment. VR enables unique learning scenarios,

as simulations allow students to act as if they were in a real environment while interacting with otherwise intangible

or inaccessible objects. VR provides users with the experience of a different world that may otherwise be too

dangerous, expensive, or impossible in the real world. AR, in contrast, is used to enhance and enrich the real-world

learning experience. It involves overlaying digital information, such as images, videos, 3D models, or text, onto the

real-world environment to provide users with additional context, interactivity, and engagement.

virtual reality  augmented reality  xReality  flow  presence

1. Introduction

Virtual and augmented reality (VR/AR) technologies have increasingly gained attention in educational settings over

the recent years. They are expected to be widely used in classrooms, but investigation of their educational

potential has only just begun . However, the nomenclature surrounding VR and AR technologies is somewhat

disputed. On one hand, VR and AR could be viewed as end points on the same spectrum, where the distinguishing

feature is the degree of immersion . On the other hand, AR and VR could be construed as two different qualities

of experience, where AR applications address a form of physical presence augmented by virtual features while VR

aims at a form of telepresence, or feeling present within the virtual space . Hence, Rauschnabel et al.  use the

umbrella term xReality or XR to describe both AR and VR technologies, where the X denotes a placeholder. Here,

it is not appropriate to equate XR with extended reality 

2. Virtual Reality and Augmented Reality in Education

2.1. Classification of VR/AR Technology

VR is understood as a computer-generated simulation that is three-dimensional (3D), multisensory, and interactive.

The user can inhabit and act within an external environment . VR enables unique learning scenarios, as

simulations allow students to act as if they were in a real environment while interacting with otherwise intangible or

inaccessible objects . VR provides users with the experience of a different world that may otherwise be too
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dangerous, expensive, or impossible in the real world . AR, in contrast, is used to enhance and enrich the

real-world learning experience. It involves overlaying digital information, such as images, videos, 3D models, or

text, onto the real-world environment to provide users with additional context, interactivity, and engagement .

In everyday language, the terms VR and AR are often used as umbrella-terms including a variety of heterogenous

technologies . Thus, VR and AR are presented to users through different technological approaches and

devices, each offering distinct experiences. Whereas head-mounted displays (HMDs) completely immerse users in

a computer-generated virtual world by covering their field of vision with screens , mobile devices’ cameras are

commonly used for AR learning scenarios by embedding digital content into the real world . Further technologies

are also utilized, for example HoloLens for AR, and various mobile devices (e.g., tablets) for VR. It has been

demonstrated that many researchers face challenges when categorizing the technology they utilize. In many

cases, a distinction is also made between immersive technologies (e.g., HMDs) and non-immersive technologies

(e.g., tablets). However, often, a single technology combines features of both AR and VR , as is the case for the

application investigated in the present study. Rauschnabel et al. provide a suitable alternative by introducing the

term XR, with the X serving as a placeholder .

2.2. Learning with VR/AR

VR and AR technologies are considered to have great potential for designing teaching and learning scenarios.

They open a range of multifaceted applications for schools, universities, and other educational institutions .

The Cognitive Affective Model of Immersive Learning (CAMIL) addresses two facets of immersion that improve

learning through XR technology: agency and presence . A higher degree of interactivity as well as the feeling of

actually being in the virtual environment and interacting with seemingly real social agents are beneficial for the

learning process, especially for procedural learning .

In recent years, there has been increasing effort to make use of the multiple possibilities of VR and AR to enhance

and diversify learning processes in educational settings. In this context, the unique characteristics of VR and AR

have been associated with several learning affordances such as improved spatial knowledge representation,

enhanced empathy, increased motivation and student engagement, higher contextualization of learning, and

experiential learning scenarios . Thus, VR and AR are particularly relevant for learning content that cannot

easily be studied in a traditional classroom setting , such as exploring the universe and planetary

constellations or visiting the Amazon rainforest.

Recently, VR and AR technologies are increasingly being used for environmental subjects, i.e., climate change or

biodiversity loss, as a tool to inform and engage the public with current and future environmental issues . The

potential to influence the affective experience through VR or AR appears promising. According to Mayer and Frantz

, a feeling of connectedness to nature leads to a stronger concern for nature and can invoke tangible actions

such as pro-environmental behavior. VR and AR technologies can indeed evoke such feelings of connectedness.

They offer increasing engagement and provide interactive, action-oriented, affective, and empathetic experiences

. Individuals can take on someone else’s perspective, get interactively involved, see consequences, foresee
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future climate change scenarios, and experience sensory stimulations that can have a strong impact on affections

. However, there are still only limited numbers of VR and AR learning applications dealing with sustainability

topics. Valid research results for the use of these applications in the various fields of the Sustainable Development

Goals (SDGs) are still in early stages .

2.3. Determinants of VR/AR Learning

With VR and AR technologies becoming increasingly prevalent and popular in classroom use—outside of

sustainability education—several determinants of successful learning in VR and AR have already been examined.

Ease of use seems to be one relevant factor, since many students find VR and AR technologies difficult to use 

. Prior experiences with the technology and amount of practice also influence learning outcomes . With these

determining factors set, finding more relevant correlating variables could enhance our understanding of VR and AR

learning even further. Specifically, exploring moderating factors could help explain how the affording mechanisms

of technology, agency, and presence  influence learning.

Multiple previous studies present possible moderators. Johnson–Glenberg et al.  outline embodiment,

collaboration, presence, and possibly novelty as key contributing factors. In addition, the experience of flow seems

to be correlated with the success of a VR learning activity . According to Zhang et al. , discipline plays an

additional role, with overall large effect sizes for science, language, and health and medicine, and insignificant

effect sizes for engineering. In that study, grade level, input as well as output devices, and pedagogy and

instructional function did not play a role as moderators. In contrast, usability seems to be another relevant factor for

feeling present in VR and AR applications . In addition, it should be noted that contextual variables (e.g., the

prior knowledge, prior interest, and prior attitude of users) may also have an influence on the learning outcomes

.

2.4. Experiencing Presence and Flow in VR/AR

Presence has frequently been named as one of the underlying affordances of VR and AR technologies .

It is often understood as the feeling of being there, captured in three dimensions: Social presence describes the

feeling of interacting with actual people, or with digital agents seeming real . Physical presence refers to the

sensation of being spatially inside the virtual environment, whereas self-presence refers to the feeling of being

represented or the avatar feeling representative of oneself inside the virtual landscape . Typically, 3D

applications are associated with higher physical and social presence than 2D environments, while physical

presence is frequently perceived stronger than social presence . 

Generally, some research results suggest that presence influences learning in virtual environments. However,

opposite research findings are detectable. Whereas some results indicate that the experience of presence has a

positive effect on the learning outcomes to the extent that a higher level of presence experience requires a stronger

focus of attention on learning-relevant stimuli , Makransky et al.  found a negative correlation between
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learning and presence experience. The authors concluded that higher presence could lead to distraction by many

irrelevant details or high arousal.

Flow experience has also been associated with VR and AR learning technologies . Flow is often characterized

by perceiving an activity as highly satisfying, with a minimal or even complete absence of a sense of separation

between the individual and the activity itself . During such experiences, the actions become almost automated,

leading to more efficient and faster performance. Another notable aspect of the flow state is the subjective loss of

awareness of time passing . Rheinberg and colleagues have conceptualized flow as a multidimensional

construct, consisting of two key facets: absorbedness and smooth automated progression. The former represents

complete engagement in an activity, while the latter refers to the seamless flow of consecutive actions .

In general, there remains a limited body of empirical research on the relationship between flow experiences in VR

and AR and various learning parameters.

In game-based learning, engagement was linked to presence and flow, and had a positive effect on learning .

Kye and Kim  also found that presence and flow positively impact student satisfaction and learning outcomes.

Likewise, in a game-based study, Janssen et al.  assumed that greater feelings of presence in VR leads to

better user experiences and affords student interaction with the virtual environment. In their exploratory

experiment, flow correlated positively with presence.

Overall, presence and flow seem to be related to a positive game experience, and by extension, to better task

performance .

References

1. Elmqaddem, N. Augmented Reality and Virtual Reality in Education. Myth or Reality? Int. J.
Emerg. Technol. Learn. iJET 2019, 14, 234–242.

2. Garzón, J. An Overview of Twenty-Five Years of Augmented Reality in Education. Multimodal
Technol. Interact. 2021, 5, 37.

3. Kavanagh, S.; Luxton-Reilly, A.; Wuensche, B.; Plimmer, B. A Systematic Review of Virtual Reality
in Education. Themes Sci. Technol. Educ. 2017, 10, 85–119.

4. Milgram, P.; Kishino, F. A Taxonomy of Mixed Reality Visual Displays. IEICE Trans. Inf. Syst.
1994, E77-D, 1321–1329.

5. Rauschnabel, P.A.; Felix, R.; Hinsch, C.; Shahab, H.; Alt, F. What Is XR? Towards a Framework
for Augmented and Virtual Reality. Comput. Hum. Behav. 2022, 133, 107289.

6. Chuah, S.H.-W. Why and Who Will Adopt Extended Reality Technology? Literature Review,
Synthesis, and Future Research Agenda. 2018. Available online:

[46]

[47]

[46]

[48]

[49]

[50]

[51]

[51]



Virtual Reality and Augmented Reality in Education | Encyclopedia.pub

https://encyclopedia.pub/entry/52740 5/8

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3300469 (accessed on 28 September
2023).

7. Burbules, N.C. Rethinking the Virtual. In The International Handbook of Virtual Learning
Environments; Weiss, J., Nolan, J., Hunsinger, J., Trifonas, P., Eds.; Springer: Dordrecht, The
Netherlands, 2006; pp. 37–58. ISBN 978-1-40203-803-7.

8. Sherman, W.R.; Craig, A.B. Understanding Virtual Reality: Interface, Application, and Design;
Morgan Kaufmann Series in Computer Graphics and Geometric Modeling; Morgan Kaufmann:
San Francisco, CA, USA, 2003; ISBN 978-1-55860-353-0.

9. Bower, M. Design of Technology-Enhanced Learning—Integrating Research and Practice;
Emerald Publishing: Leeds, UK, 2017; ISBN 978-1-78714-183-4.

10. Mikropoulos, T.A.; Natsis, A. Educational Virtual Environments: A Ten-Year Review of Empirical
Research (1999–2009). Comput. Educ. 2011, 56, 769–780.

11. Dalgarno, B.; Lee, M.J.W. What Are the Learning Affordances of 3-D Virtual Environments? Br. J.
Educ. Technol. 2010, 41, 10–32.

12. Freina, L.; Ott, M. A Literature Review on Immersive Virtual Reality in Education: State Of The Art
and Perspectives. In Proceedings of the eLearning and Software for Education (eLSE),
Bucharest, Romania, 23–24 April 2015; Volume 1, pp. 133–141.

13. Dunleavy, M.; Dede, C. Augmented Reality Teaching and Learning. In Handbook of Research on
Educational Communications and Technology; Spector, J.M., Merrill, M.D., Elen, J., Bishop, M.J.,
Eds.; Springer: New York, NY, USA, 2014; pp. 735–745. ISBN 978-1-46143-185-5.

14. Bekele, M.K.; Champion, E. Redefining Mixed Reality: User-Reality-Virtuality and Virtual Heritage
Perspectives. In Intelligent & Informed—Proceedings of the 24th CAADRIA Conference—Volume
2, Wellington, New Zealand, 15–18 April 2019; Haeusler, M., Schnabel, M.A., Fukuda, T., Eds.;
CUMINCAD: Wellington, New Zealand, 2019; pp. 675–684.

15. Fast-Berglund, Å.; Gong, L.; Li, D. Testing and Validating Extended Reality (xR) Technologies in
Manufacturing. Procedia Manuf. 2018, 25, 31–38.

16. Wu, B.; Yu, X.; Gu, X. Effectiveness of Immersive Virtual Reality Using Head-mounted Displays
on Learning Performance: A Meta-analysis. Br. J. Educ. Technol. 2020, 51, 1991–2005.

17. Buchner, J.; Buntins, K.; Kerres, M. The Impact of Augmented Reality on Cognitive Load and
Performance: A Systematic Review. J. Comput. Assist. Learn. 2022, 38, 285–303.

18. Fowler, C. Virtual Reality and Learning: Where Is the Pedagogy? Br. J. Educ. Technol. 2015, 46,
412–422.

19. Makransky, G.; Petersen, G.B. The Cognitive Affective Model of Immersive Learning (CAMIL): A
Theoretical Research-Based Model of Learning in Immersive Virtual Reality. Educ. Psychol. Rev.



Virtual Reality and Augmented Reality in Education | Encyclopedia.pub

https://encyclopedia.pub/entry/52740 6/8

2021, 33, 937–958.

20. Mulders, M.; Weise, M.; Schmitz, A.; Zender, R.; Kerres, M.; Lucke, U. Handwerkliches Lackieren
Mit Virtual Reality (HandLeVR): VR-Basierter Kompetenzerwerb in Der Beruflichen Ausbildung.
MedienPädagogik. Z. Theor. Prax. Medien 2023, 51, 214–245.

21. Steffen, W.; Richardson, K.; Rockström, J.; Cornell, S.E.; Fetzer, I.; Bennett, E.M.; Biggs, R.;
Carpenter, S.R.; de Vries, W.; de Wit, C.A.; et al. Planetary Boundaries: Guiding Human
Development on a Changing Planet. Science 2015, 347, 1259855.

22. Bailenson, J. Experience on Demand: What Virtual Reality Is, How It Works, and What It Can Do;
W. W. Norton & Company: New York, NY, USA, 2018; p. 290. ISBN 978-0-39325-369-6.

23. Saidin, N.; Halim, N.A.; Yahaya, N. A Review of Research on Augmented Reality in Education:
Advantages and Applications. Int. Educ. Stud. 2015, 8, 1–8.

24. Cosio, L.D.; Buruk, O.; Fernández Galeote, D.; Bosman, I.D.V.; Hamari, J. Virtual and Augmented
Reality for Environmental Sustainability: A Systematic Review. In Proceedings of the 2023 CHI
Conference on Human Factors in Computing Systems, Hamburg, Germany, 23–28 April 2023;
Association for Computing Machinery: New York, NY, USA, 2023; pp. 1–23.

25. Spangenberger, P.; Geiger, S.M.; Freytag, S.-C. Becoming Nature: Effects of Embodying a Tree in
Immersive Virtual Reality on Nature Relatedness. Sci. Rep. 2022, 12, 1311.

26. Mayer, F.S.; Frantz, C.M. The Connectedness to Nature Scale: A Measure of Individuals’ Feeling
in Community with Nature. J. Environ. Psychol. 2004, 24, 503–515.

27. Hu-Au, E.; Lee, J.J. Virtual Reality in Education: A Tool for Learning in the Experience Age. Int. J.
Innov. Educ. 2017, 4, 215–226.

28. Spangenberger, P.; Matthes, N.; Geiger, S.; Draeger, I.; Kybart, M.; Schmidt, K.; Kruse, L.; Kapp,
F. How to Bring Immersive VR into the Classroom: German Vocational Teachers’ Perception of
Immersive VR Technology. J. Tech. Educ. 2023, 11, 91–106.

29. Akçayır, M.; Akçayır, G. Advantages and Challenges Associated with Augmented Reality for
Education: A Systematic Review of the Literature. Educ. Res. Rev. 2017, 20, 1–11.

30. Pellas, N.; Kazanidis, I.; Palaigeorgiou, G. A Systematic Literature Review of Mixed Reality
Environments in K-12 Education. Educ. Inf. Technol. 2020, 25, 2481–2520.

31. Zhang, J.; Li, G.; Huang, Q.; Feng, Q.; Luo, H. Augmented Reality in K–12 Education: A
Systematic Review and Meta-Analysis of the Literature from 2000 to 2020. Sustainability 2022,
14, 9725.

32. Johnson-Glenberg, M.C.; Birchfield, D.A.; Tolentino, L.; Koziupa, T. Collaborative Embodied
Learning in Mixed Reality Motion-Capture Environments: Two Science Studies. J. Educ. Psychol.
2014, 106, 86–104.



Virtual Reality and Augmented Reality in Education | Encyclopedia.pub

https://encyclopedia.pub/entry/52740 7/8

33. Bodzin, A.; Araujo-Junior, R.; Hammond, T.; Anastasio, D. Investigating Engagement and Flow
with a Placed-Based Immersive Virtual Reality Game. J. Sci. Educ. Technol. 2021, 30, 347–360.

34. Tai, K.H.; Hong, J.C.; Tsai, C.R.; Lin, C.Z.; Hung, Y.H. Virtual Reality for Car-Detailing Skill
Development: Learning Outcomes of Procedural Accuracy and Performance Quality Predicted by
VR Self-Efficacy, VR Using Anxiety, VR Learning Interest and Flow Experience. Comput. Educ.
2022, 182, 104458.

35. Choi, H.; Kim, Y.R.; Kim, G.J. Presence, Immersion and Usability of Mobile Augmented Reality. In
Proceedings of the Virtual, Augmented and Mixed Reality—Multimodal Interaction, Orlando, FL,
USA, 26–31 July 2019; Chen, J.Y.C., Fragomeni, G., Eds.; Springer International Publishing:
Cham, Switzerland, 2019; pp. 3–15.

36. Mulders, M. Learning about Victims of Holocaust in Virtual Reality: The Main, Mediating and
Moderating Effects of Technology, Instructional Method, Flow, Presence, and Prior Knowledge.
Multimodal Technol. Interact. 2023, 7, 28.

37. Dengel, A.; Mägdefrau, J. Immersive Learning Explored: Subjective and Objective Factors
Influencing Learning Outcomes in Immersive Educational Virtual Environments. In Proceedings of
the 2018 IEEE International Conference on Teaching, Assessment, and Learning for Engineering
(TALE), Wollongong, Australia, 4–7 December 2018; pp. 608–615.

38. Buchner, J.; Kerres, M. Students as Designers of Augmented Reality: Impact on Learning and
Motivation in Computer Science. Multimodal Technol. Interact. 2021, 5, 41.

39. Biocca, F. The Cyborg’s Dilemma: Progressive Embodiment in Virtual Environments. J. Comput.-
Mediat. Commun. 1997, 3, JCMC324.

40. Dengel, A. Effects of Immersion and Presence on Learning Outcomes in Immersive Educational
Virtual Environments for Computer Science Education. Ph.D. Thesis, Universität Passau, Passau,
Germany, 2020.

41. Campo, A.; Michałko, A.; Van Kerrebroeck, B.; Stajic, B.; Pokric, M.; Leman, M. The Assessment
of Presence and Performance in an AR Environment for Motor Imitation Learning: A Case-Study
on Violinists. Comput. Hum. Behav. 2023, 146, 107810.

42. Volkmann, T.; Wessel, D.; Jochems, N.; Franke, T. German Translation of the Multimodal
Presence Scale. In Proceedings of the Mensch und Computer 2018—Tagungsband, Dresden,
Germany, 2–5 September 2018.

43. Dengel, A.; Mägdefrau, J. Immersive Learning Predicted: Presence, Prior Knowledge, and School
Performance Influence Learning Outcomes in Immersive Educational Virtual Environments. In
Proceedings of the 2020 6th International Conference of the Immersive Learning Research
Network (iLRN), San Luis Obispo, CA, USA, 21–25 June 2020; pp. 163–170.



Virtual Reality and Augmented Reality in Education | Encyclopedia.pub

https://encyclopedia.pub/entry/52740 8/8

44. Steed, A.; Friston, S.; Lopez, M.M.; Drummond, J.; Pan, Y.; Swapp, D. An ‘In the Wild’ Experiment
on Presence and Embodiment Using Consumer Virtual Reality Equipment. IEEE Trans. Vis.
Comput. Graph. 2016, 22, 1406–1414.

45. Makransky, G.; Terkildsen, T.S.; Mayer, R.E. Adding Immersive Virtual Reality to a Science Lab
Simulation Causes More Presence but Less Learning. Learn. Instr. 2019, 60, 225–236.

46. Rutrecht, H.; Wittmann, M.; Khoshnoud, S.; Igarzábal, F.A. Time Speeds Up During Flow States:
A Study in Virtual Reality with the Video Game Thumper. Timing Time Percept. 2021, 9, 353–376.

47. Csikszentmihalyi, M. Flow and Education. NAMTA J. 1997, 22, 2–35.

48. Rheinberg, F.; Vollmeyer, R.; Engeser, S. Die Erfassung Des Flow-Erlebens. In Diagnostik von
Selbstkonzept, Lernmotivation und Selbstregulation; Stiensmeier-Pelster, J., Rheinberg, F., Eds.;
Hogrefe: Göttingen, Germany, 2003; pp. 261–279.

49. Hamari, J.; Shernoff, D.J.; Rowe, E.; Coller, B.; Asbell-Clarke, J.; Edwards, T. Challenging Games
Help Students Learn: An Empirical Study on Engagement, Flow and Immersion in Game-Based
Learning. Comput. Hum. Behav. 2016, 54, 170–179.

50. Kye, B.; Kim, Y. Investigation of the Relationships between Media Characteristics, Presence,
Flow, and Learning Effects in Augmented Reality Based Learning. Int. J. Educ. Media Technol.
2008, 2, 4–14.

51. Janssen, D.; Tummel, C.; Richert, A.; Isenhardt, I. Virtual Environments in Higher Education—
Immersion as a Key Construct for Learning 4.0. Int. J. Adv. Corp. Learn. 2016, 9, 20.

Retrieved from https://encyclopedia.pub/entry/history/show/119316


