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Augmented reality (AR)-based learning environments are argued to foster cognitive and emotional involvement.

Immersion has been identified as one of the driving forces that promote learning in technology-based learning

environments.
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1. Introduction

Immersive digital technologies such as augmented reality (AR) provide the user with a highly responsive and fully

immersive experience of a constructed learning environment . Powerful immersion involves several levels: sensory,

actional, social, psychological, and symbolic . The sensory level relates to visual, audio, and sensory stimuli provided by

hardware. The actional level entails the perception by each student that his or her actions have an impact on the virtual

environment. Immersive context with real world narratives can trigger symbolic immersion. Finally, psychological

immersion is the “mental state of being completely absorbed or engaged in something”  (p. 3) and can happen when

sensory, actional, and symbolic immersion are achieved . In the educational arena, immersive environments influence

attention, motivation, and academic achievement .

Despite these claims, few studies have investigated the relationship between immersion and learning outcomes in the

context of AR environments that use PCs or tablets as displays rather than immersive hardware, and results so far have

been conflicting . While some studies have reported positive relations between students’ perception of immersion

and learning outcomes , others did not identify this association in their results . The subjective nature of

immersion, which can be influenced by individual characteristics, may provide an explanation for the aforementioned

contradictions. Researchers aim to contribute to this research topic by investigating how immersion differences might

affect learning outcomes in middle school students using an AR-marker-based learning activity.

2. Immersion in Digital Environments

Immersion is considered one of the main driving forces behind student learning . When highly immersed “students

quickly enter a state of suspended disbelief, accept the blended real and digital environment, give their attention over to it,

and engage in the variety of options available to them to access content related to the topic being addressed”  (p. 240).

Immersion is a subjective measure of the vividness offered by a system and the extent to which the system is capable of

shutting out the outside world . One of the most-used definitions of immersion is that it is “the participant’s suspension

of disbelief that she or he is ‘inside’ a digitally enhanced setting”  (p. 66). Immersion can be understood as a technical

concept to indicate “the extent to which the computer displays are capable of delivering an inclusive, extensive,

surrounding and vivid illusion of reality to the senses of a human participant”  (p. 604) but also as a “psychological state

characterized by perceiving oneself to be enveloped by, included in, and interacting with an environment that provides a

continuous stream of stimuli and experiences”  (p. 277). Immersion, seen as a technical concept, is dependent on the

hardware devices and is related to notions such as interaction, control, and usability. Meanwhile, immersion understood

as a psychological phenomenon can be viewed as a graduated psychological process of engagement that may foster flow

and/or presence . Researchers focus on the psychological process of engagement that is triggered by the students’

perception of technical aspects such as interaction, control, and usability.

Immersion is a term commonly used in games and more recently in virtual reality. However, until the pivotal study

performed by E. Brown and P. Cairns (2004) , understanding the notion of immersion in contexts other than games was

a considerable challenge. E. Brown and P. Cairns describe immersion as the process to achieve a degree of involvement

with an activity mediated by technology. The process evolves through time and is controlled by several barriers that

should be removed in order to achieve a deeper involvement in the activity. There are three steps to this process:
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engagement, engrossment, and total immersion. To achieve the engagement level the user needs to overcome the barrier

of preference and master the activity by investing time, effort, and attention. Engagement is related to the notion of

cognitive absorption  which is defined as a state of deep involvement with software which is influenced by two

important beliefs: perceived usefulness and perceived ease of use. From engagement the user may be able to become

further involved with the activity and become engrossed; in this second step the user’s emotions are directly affected by

the activity. The involvement described at this stage mentions that the user becomes less aware of his/her surroundings

and less self-aware than previously. This level stage presents some parallels with the state of flow immersion in the fact

that attention is needed, sense of time is altered, and sense of self is lost . From engrossment the user may be able to

become further involved with the activity. Total immersion requires the highest level of attention and is related to the

feeling of presence which refers to a user’s subjective psychological response to a technical system . It is an individual

and context user response, related to the experience of “being there” .

3. Augmented Reality in Education

Current lower-cost and higher-fidelity Augmented Reality (AR) technological developments have led to an explosion of

experimentation and development of applications such as gaming, tourism, marketing, and education. The term

‘Augmented Reality’ refers to the superposition of digital information over the real world, that is, added to what the user

perceives naturally, creating an improved version of reality . From a technological viewpoint, AR applications must fulfill

the following requirements: (1) combination of real and virtual worlds, (2) real time interaction, and (3) accurate 3D registry

of virtual and real objects . Two families of AR applications can be identified, namely marker-based and location-based

AR. The former requires specific labels to register the position of 3D objects on the real-world image and has been

employed in a greater number of interventions than the latter. On the other hand, location-based AR applications use

global positioning systems (GPS) to get the accurate location of physical objects. Regarding technological equipment

used in AR applications, three main generations of hardware can be identified: the first generation corresponds to the use

of desktop devices to interact with AR applications, the second introduces the use of mobile and tablets, and the last

generation is based on the use of AR glasses. Each generation has provided a higher level of immersion than the

previous one .

In the educational arena, augmented reality has the potential to improve not only conceptual understanding and

knowledge, but also student skills, such as problem-solving, collaboration, and communication . AR-based learning

applications range from STEM education  to arts and humanities . The targets cover

participation going from early childhood education up to higher education and training . The interventions have

measured not only cognitive outcomes but also affective factors such as motivation , engagement , flow ,

presence , and immersion . In general, the interventions have shown moderate to high values of affective

involvement by the students, while students have shown values that range from low to moderate on variables that

measure the cognitive factors. Regarding immersion, location-based AR learning environments have proved to provoke

immersion and support learning due to their possibilities of building blended spaces that foster a sense of full absorption in

the AR activity , while marker-based AR learning environments have fostered immersion when used in learning

situations enhanced with activities that combine narrative situations or serious games 

References

1. Schott, C.; Marshall, S. Virtual reality and situated experiential education: A conceptualization and exploratory trial. J. C
omput. Assist. Learn. 2018, 34, 843–852.

2. Dede, C.J.; Jacobson, J.; Richards, J. Introduction: Virtual, Augmented, and Mixed Realities in Education. In Virtual, Au
gmented, and Mixed Realities in Education; Springer: Singapore, 2017; pp. 1–16.

3. Mills, N. Self-Efficacy in Second Language Acquisition. In Multiple Perspectives on the Self in Sla; Channel View Public
ations, Ltd.: Bristol, UK, 2014; Volume 73, pp. 6–22.

4. Barab, S.; Dede, C. Games and immersive participatory simulations for science education: An emerging type of curricul
a. J. Sci. Educ. Technol. 2007, 16, 1–3.

5. Georgiou, Y.; Kyza, E.A. The development and validation of the ARI questionnaire: An instrument for measuring immers
ion in location-based augmented reality settings. Int. J. Hum.-Comput. Stud. 2017, 98, 24–37.

6. Rowe, J.P.; Shores, L.R.; Mott, B.W.; Lester, J.C. Integrating learning, problem solving, and engagement in narrative-ce
ntered learning environments. Int. J. Artif. Intell. Educ. 2011, 21, 115–133.

[16]

[17]

[17]

[12]

[18]

[18]

[19]

[20][21]

[22][23][24][25][26] [27][28][29][30]

[31][32][33][34]

[35][36] [37][38] [39][40]

[41][42] [43][44][45]

[46]

[43][44]



7. Cheng, M.; She, H.; Annetta, L.A. Game immersion experience: Its hierarchical structure and impact on game-based sc
ience learning. J. Comput. Assist. Learn. 2015, 31, 232–253.

8. Hsu, M.; Cheng, M.T. Bio Detective: Student science learning, immersion experience, and problem-solving patterns. In
Proceedings of the 22nd International Conference on Computers in Education, ICCE 2014, Nara, Japan, 30 November
–4 December 2014; pp. 171–178.

9. Cabiria, J. Augmenting Engagement: Augmented Reality in Education; Emerald Group Publishing Limited: Bingley, UK,
2012.

10. Cummings, J.J.; Bailenson, J.N. How Immersive Is Enough? A Meta-Analysis of the Effect of Immersive Technology on
User Presence. Media Psychol. 2016, 19, 272–309.

11. Dede, C. Immersive Interfaces for Engagement and Learning. Science 2009, 323, 66–69.

12. Slater, M.; Wilbur, S. A framework for immersive virtual environments (FIVE): Speculations on the role of presence in vir
tual environments. Presence-Teleoper. Virtual Environ. 1997, 6, 603–616.

13. Witmer, B.G.; Singer, M.J. Measuring presence in virtual environments: A presence questionnaire. Presence-Teleoper.
Virtual Environ. 1998, 7, 225–240.

14. Jennett, C.; Cox, A.L.; Cairns, P.; Dhoparee, S.; Epps, A.; Tijs, T.; Walton, A. Measuring and defining the experience of i
mmersion in games. Int. J. Hum.-Comput. Stud. 2008, 66, 641–661.

15. Brown, E.; Cairns, P. A grounded investigation of game immersion. In Proceedings of the Conference on Human Factor
s in Computing Systems, Vienna, Austria, 24–29 April 2004; pp. 1297–1300.

16. Agarwal, R.; Karahanna, E. Time flies when you’re having fun: Cognitive absorption and beliefs about information techn
ology usage. Mis Q. 2000, 24, 665–694.

17. Csikszentmihalyi, M. In Flow: The Psychology of Optimal Experience; Harper and Row: New York, NY, USA, 1990.

18. Azuma, R.T. A survey of augmented reality. Presence Teleoper. Virtual Environ. 1997, 6, 355–385.

19. Mystakidis, S.; Christopoulos, A.; Pellas, N. A systematic mapping review of augmented reality applications to support
STEM learning in higher education. Educ. Inf. Technol. 2022, 27, 1883–1927.

20. Monaco S., Sacchi G.; first_pagesettingsOrder Article Reprints Open AccessOpinion Travelling the Metaverse: Potentia
l Benefits and Main Challenges for Tourism Sectors and Research Applications. Sustainability 2023, 15, 3348, .

21. Me, F.; Hsu, Y. Mobile augmented-reality artifact creation as a component of mobile computer-supported collaborative l
earning. Internet High. Educ. 2015, 26, 33–41.

22. Erbas, C.; Demirer, V. The effects of augmented reality on students’ academic achievement and motivation in a biology
course. J. Comput. Assist. Learn. 2019, 35, 450–458.

23. Ibili, E.; Cat, M.; Resnyansky, D.; Sahin, S.; Billinghurst, M. An assessment of geometry teaching supported with augm
ented reality teaching materials to enhance students’ 3D geometry thinking skills. Int. J. Math. Educ. Sci. Technol. 202
0, 51, 224–246.

24. Ibáñez, M.B.; Di-Serio, A.; Villarán-Molina, D.; Delgado-Kloos, C. Augmented Reality-Based Simulators as Discovery L
earning Tools: An Empirical Study; IEEE Transactions on Education: Gainesville, FL, USA, 2015; Volume 58, pp. 208–2
13.

25. Wojciechowski, R.; Cellary, W. Evaluation of learners’ attitude toward learning in ARIES augmented reality environment
s. Comput. Educ. 2016, 95, 353.

26. Manisha; Mantri, A. An Augmented Reality Application for Basic Mathematics: Teaching and Assessing Kids’ Learning E
fficiency. In Proceedings of the 2019 5th International Conference on Computing, Communication, Control and Automat
ion (Iccubea), Pune, India, 19–21 September 2019.

27. Chang, Y.; Chen, C.; Liao, C. Enhancing English-Learning Performance through a Simulation Classroom for EFL Stude
nts Using Augmented Reality-A Junior High School Case Study. Appl. Sci. 2020, 10, 7854.

28. Paliokas, I.; Patenidis, A.T.; Mitsopoulou, E.E.; Tsita, C.; Pehlivanides, G.; Karyati, E.; Tsafaras, S.; Stathopoulos, E.A.;
Kokkalas, A.; Diplaris, S.; et al. A Gamified Augmented Reality Application for Digital Heritage and Tourism. Appl. Sci. 2
020, 10, 7868.

29. Leue, M.C.; Jung, T.; Dieck, D. Google Glass Augmented Reality: Generic Learning Outcomes for Art Galleries. In Infor
mation and Communication Technologies in Tourism 20; Tussyadiah, I., Inversini, A., Eds.; Springer: Cham, Switzerlan
d, 2015; pp. 463–476.

30. Lee, M. Rediscovering Neighborhood History Through Augmented Reality. In Proceedings of the 2021 4th IEEE Interna
tional Conference on Artificial Intelligence and Virtual Reality, AIVR 2021, Online, 15–17 November 2021; pp. 60–64.



31. Chen, C.; Chou, Y.; Huang, C. An Augmented-Reality-Based Concept Map to Support Mobile Learning for Science. Asi
a-Pac. Educ. Res. 2016, 25, 567–578.

32. Kapp, S.; Thees, M.; Strzys, M.P.; Beil, F.; Kuhn, J.; Amiraslanov, O.; Javaheri, H.; Lukowicz, P.; Lauer, F.; Rheinlander,
C.; et al. Augmenting Kirchhoff’s laws: Using augmented reality and smartglasses to enhance conceptual electrical exp
eriments for high school students. Phys. Teach. 2019, 57, 52–53.

33. Thees, M.; Kapp, S.; Strzys, M.P.; Beil, F.; Lukowicz, P.; Kuhn, J. Effects of augmented reality on learning and cognitive
load in university physics laboratory courses. Comput. Hum. Behav. 2020, 108, 106316.

34. Uppot, R.N.; Laguna, B.; McCarthy, C.J.; De Novi, G.; Phelps, A.; Siegel, E.; Courtier, J. Implementing Virtual and Aug
mented Reality Tools for Radiology Education and Training, Communication, and Clinical Care. Radiology 2019, 291, 5
70–580.

35. Ibáñez, M.B.; Uriarte Portillo, A.; Zatarain Cabada, R.; Barrón, M.L. Impact of augmented reality technology on academi
c achievement and motivation of students from public and private Mexican schools. A case study in a middle-school ge
ometry course. Comput. Educ. 2020, 145, 103734.

36. Li, K.; Keller, J.M. Use of the ARCS model in education: A literature review. Comput. Educ. 2018, 122, 54–62.

37. Wen, Y. Augmented reality enhanced cognitive engagement: Designing classroom-based collaborative learning activitie
s for young language learners. EtrD-Educ. Technol. Res. Dev. 2021, 69, 843–860.

38. Drljevic, N.; Boticki, I.; Wong, L. Investigating the different facets of student engagement during augmented reality use i
n primary school. Br. J. Educ. Technol. 2022, 1–28. Available online: https://bera-journals.onlinelibrary.wiley.com/doi/ab
s/10.1111/bjet.13197 (accessed on 28 March 2022).

39. Ibáñez, M.B.; Di Serio, A.; Villarán, D.; Delgado, C. Experimenting with electromagnetism using augmented reality: Imp
act on flow student experience and educational effectiveness. Comput. Educ. 2014, 71, 1–13.

40. Hou, H.; Lin, Y. The Development and Evaluation of an Educational Game Integrated with Augmented Reality and Virtu
al Laboratory for Chemistry Experiment Learning. In Proceedings of the 2017 6th Iiai International Congress on Advanc
ed Applied Informatics (Iiai-Aai), Hamamatsu, Japan, 9–13 July 2017; pp. 1005–1006.

41. Qin, Y. Attractiveness of game elements, presence, and enjoyment of mobile augmented reality games: The case of Po
kemon Go. Telemat. Inf. 2021, 62, 101620.

42. Vrellis, I.; Delimitros, M.; Chalki, P.; Gaintatzis, P.; Bellou, I.; Mikropoulos, T.A. Seeing the unseen: User experience and
technology acceptance in Augmented Reality science literacy. In Proceedings of the 2020 IEEE 20th International Conf
erence on Advanced Learning Technologies (Icalt 2020), Tartu, Estonia, 6–9 July 2020; pp. 333–337.

43. Salar, R.; Arici, F.; Caliklar, S.; Yilmaz, R.M. A Model for Augmented Reality Immersion Experiences of University Stude
nts Studying in Science Education. J. Sci. Educ. Technol. 2020, 29, 257–271.

44. Song, H.K.; Baek, E.; Choo, H.J. Try-on experience with augmented reality comforts your decision Focusing on the role
s of immersion and psychological ownership. Inf. Technol. People 2020, 33, 1214–1234.

45. Georgiou, Y.; Kyza, E.A. Bridging narrative and locality in mobile-based augmented reality educational activities: Effect
s of semantic coupling on students’ immersion and learning gains. Int. J. Hum.-Comput. Stud. 2021, 145, 102546.

46. Han, J.; Kamber, M.; Pei, J. Data Mining: Concepts and Techniques, 3rd ed.; Morgan Kaufmann Publishers: Burlington,
MA, USA, 2012; pp. 1–703.

Retrieved from https://encyclopedia.pub/entry/history/show/94943


