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Introduction

In today’s modern world schools are obliged to have digital tools for teaching and learning, they force to innovate and break 
traditional pedagogical methods to accommodate teaching and learning for the development of 21st century skills and learning 
demands of digital natives [1]. The education technology market rise is influenced by the Industrial Revolution 4.0 and growing 
technological demands and innovation [2]. According to market insider [3], the global education technology market is projected 
to reach $342B by 2025. There are several studies, for example, by Bulman & Fairlie [4], Holland & Holland [5], and Collins & 
Halverson [6] related to the integration of innovative technologies in education and current challenges the educational industry 
comes across during the digitalization age. With the development of education technology and modern technological tools like 
mobile devices and touch boards, students and teachers have access to interactive learning environments that can provide virtual 
information access, visualization of subjects and support combined evidence of physical and virtual worlds [7]. As a result of 
educational technology advancement as well as online teaching needs, augmented reality is gaining momentum and attention 
[8]. Augmented reality solutions and applications for education are available on mobile devices like tables and mobile phones as 
the most popular means of interacting with technology and having access to virtual content [9]. There are use cases for the virtual 
environments reproduced in a web-based interface through cloud servers and activity links embedded for the convenience of 
users to access solutions on a computer or laptop [10].

Augmented Reality has shown sufficient results in different areas of education process including improved students’ 
motivation and information retention [11,12] increased interest and engagement in studies [13,14] improved test scores 
compared to non-technology subject area teaching [15,16]. Nevertheless, there is lack of literature reviews focused on primary 
education sector as the existing publications represent mix of primary, secondary and high education researches. There is a gap 
that needs attention specifically on primary education and how augmented reality has changed the approaches of teaching and 
learning using the new technology. With that in mind, this literature review article aims to investigate the digital transformation 
in primary education with the focus on augmented reality and the use cases of adopting this technology. With multiple cases of 
augmented reality technology applications, it is important to understand the most popular applications and subject areas as well 
as the efficiency and potential of this technology adoption.

Research Questions

Keeping in mind that there are many studies and publications that report the advantages and challenges of introducing 
augmented reality technology at primary school level, it is interesting to focus on how this technology has transformed teaching 
methods and has influenced the learning outcomes. The suggested context suggested the following research questions:

a) How has augmented reality digitally transformed teaching and learning at primary school level?
b) What is the main subject/curricula areas where augmented reality technology is used?
c) What are the main outcomes of digital transformation driven by augmented reality?

Method

For this literature review the guidelines proposed by Kitchenham [17] were used to perform the below steps: 

a) Planning: Selection of publications, creating definition for studies/preliminary categories of analysis to be included or 
excluded, definition of analysis categories.

b) Conducting review: Study of selected publications and research papers, data extraction and synthesis.
c) Reporting: Data analysis of finding, conclusions and results.

During the planning stage it was important to identify the criteria according to which the literature search will be conducted. 
The main criteria set were the following:
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a) Studies that describe augmented reality technology adoption in primary education
b) Studies that describe augmented reality applications that cover specific subjects in 

primary education
c) Studies that describe outcomes and impact on using augmented reality in primary 

education.

There were exclusion criteria identified to narrow down the papers that focus on the 
research questions identified in this literature review:

i. Studies that cover Virtual Reality and mixed reality
ii. Publications that do not mention Augmented Reality and primary education
iii. Studies about Augmented Reality not focusing on primary education.

The selection of research papers for this study has been conducted using IEEE xplore, 
Springer and Web of Science libraries. The search was performed using the following 
key phrases “Augmented Reality in primary school”, “Augmented Reality in primary 
education”, “Impact of Augmented Reality in primary education”, “Augmented Reality 
and pedagogy in primary education”, “Augmented Reality teaching and learning in 
primary education”, “Augmented Reality digital transformation in primary education”. 
(Table 1) provides a detailed overview of the number of articles, research studies and 
publications that have been found for the conducting of this literature review.

Table 1: Query strings and number of studies.

Digital 
Library Search String/S Used Studies 

Found
Studies 
Selected

IEEE 
xplore

“Augmented Reality in primary school”
Journals 9

7Conferences 
19

“Augmented Reality in primary education”
Journals 6

9Conferences 
16

“Impact of Augmented Reality in primary 
education”

Journals 74
11Conferences 

7

“Augmented Reality and pedagogy in 
primary education”

Conferences 
2

0

“Augmented Reality teaching and learning in 
primary education”

Journals 2
12Conferences 

8

“Augmented Reality digital transformation 
in primary education”

Journals 12 5

Springer

“Augmented Reality in primary school”
Journals 29

10Conferences 
8

“Augmented Reality in primary education”
Journals 21

10Conferences 
17

“Impact of Augmented Reality in primary 
education”

Journals 64
18Conferences 

7

“Augmented Reality and pedagogy in 
primary education”

Journals 12
7Conferences 

8

“Augmented Reality teaching and learning in 
primary education”

Journals 37
7Conferences 

32

“Augmented Reality digital transformation 
in primary education”

Journals 33
14Conferences 

6

Web of 
Science

“Augmented Reality in primary school” Journals 21 3

“Augmented Reality in primary education” Journals 10 4

“Impact of Augmented Reality in primary 
education”

Journals 20 5

“Augmented Reality and pedagogy in 
primary education”

Journals 12 4

“Augmented Reality teaching and learning in 
primary education”

Journals 17 9

“Augmented Reality digital transformation 
in primary education”

Journals 18 12

Out of pre-selected 833 studies from the overall search there have been 93 selected for this 
literature overview and analysis as pictured in (Figure 1).

The contents of pre-selected studies were analysed and the observations were 
grouped according to the research questions focusing on how Augmented Reality 
transformed primary education, for which subject areas the technology is mainly used 
and what impact was observed by the researchers. The method was applied during the 
systematization and analysis of the papers that produced the conclusion and study.

Results

This section of the literature review study provides the findings overview connected 
to the research questions. After manual research in three digital libraries, removing 
duplications and narrowing the studies to the core research questions stated 34 
papers have been selected. Out of 34 selected papers 7 are systematic literature review 
publications.

Pre-selected literature review findings

The below systematic literature reviews have been selected and used for this study. 
The detailed information is in (Table 2).

Table 2: Systematic literature reviews on augmented reality in primary education.

Research 
Study, 
Year

Objective of the 
Research

Number 
of Studies 
Reviewed

Observations & Findings

Diegmann 
[18]

Benefits of AR 
in educational 

environments and 
how they differ 

depending on AR 
application

25

AR has multiple applications 
in education: learning: 

language education, training of 
mechanical skills, and spatial 
abilities training however is 
not a magical solution for 

everything. Benefits depend 
on learning methods and the 

characteristics of AR. Identified 
the following benefits of AR: 
improved learning curve and 

increased motivation.

Figure 1: Research papers selection flow.
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Liono [19]

How visual 
learning can 
help students 

to comprehend 
information better

32

Augmented Reality appears to 
be an effective tool for learning 
however students cannot grasp 
the generalization of concepts 
just by using AR. Generally, 

AR motivates students to study 
and improves their attention 
span, gives opportunity for 

students to experience things 
that they may not or impossible 

to experience. AR technology 
should be easy for teachers to 
introduce in their lessons and 

help to explain certain subjects.

Herpich 
[20]

Application of 
Augmented Reality 

in education
57

AR has positive implications 
on teaching and that mobile 
augmented reality has shown 
an exponential growth with 

favourable signs to contribute 
to education. 

Bacca 
Acosta [21]

Augmented Reality 
trends in education

32

Study covers different types 
and levels of education and 

provides a general overview of 
an increasing trend for AR use 
in teaching and learning with a 

positive impact.

Avila-
Garzon 

[22]

Overview of 25 
(1995-2020) years 

of research on 
the application of 

Augmented Reality

3475

The current emerging and 
trending research topics in 
AR in education are special 
educational needs, Industry 

4.0, storytelling, 3D printing, 
mobile applications, and 

higher education. There is 
an increasing interest in 

technology and its application.

Samad [23]

Advantages 
and challenges 
associated with 

Augmented Reality 
in education

40

Augmented Reality use 
in education is increasing 
as technology gains more 

attention and more education 
technology providers suggest 

new solutions for multiple 
areas and levels of education. 

The challenges are mainly 
connected to the equipment 

issues at schools and AR 
solutions selection.

Garzón [24]

Meta-analysis of 
Augmented Reality 

in educational 
settings

61

AR in education has been 
steadily increasing since 2010. 
The development and use of 

AR technologies are increasing, 
worldwide. AR technology may 
reach even more maturity and 

application across different 
industries including education 

sector.

As it can be noticed, augmented reality is a technology that is gaining it’s maturity 
across different industries as well as finds it application in visualizing concepts and 
information [22,24]. There has been a positive impact observed on how augmented reality 
supported different learning styles and teaching learning needs by increasing motivation 
and interest in the learning process, supporting students’ information retention and 
creating the environment for motivation [19-21] Augmented Reality as a tool has found 
different applications in subject areas from language learning, to STEM subjects and 
social studies [18].

Findings on how augmented reality digitally transformed teaching 
and learning at primary school level

Technology is changing the landscape of education on a daily basis and the teachers 
of today are not the same tomorrow with their approaches to education and tools they 
use [25]. Bower [26] mention that augmented reality is transforming the education by 
making the information available for students at the time they need it and at the pace 
they require. This makes the place for technology not only at school level but also in 
day-to-day life. Applications for Augmented Reality are growing and provide marker-
based and marker-less solutions, location-based content aggregators, images triggering 
and interactive modelling, creating AR environments and embedding media in AR 
solutions, creating own games using technology and others [26]. Wei [27] observed that 
educators are not rushing to use new technologies however introduction of augmented 
reality at schools is growing because it creates exciting environments and supports 
learning progress. Educators are accepting augmented reality as an easy-to-use tool to do 
visual demonstration of information they teach simpler and easier however sometimes 
there is a perception that teachers need to be technology-savvy to use augmented reality. 
Oleksiuk & Oleksiuk [28] in their research claim that thanks to the fact that augmented 
reality solutions are available to use on laptops, mobiles devices and desktops alike 
creates a wide range of opportunities for primary schools to adapt this technology and 
enrich educational experiences for both students and teachers. It brings interactivity 
of multimedia environments that deliver essential information and represents this 
information in different forms and contexts for learners [29].

According to Diegman [18] the transformation of teaching in primary school with 
augmented reality forms multiple educational environments that include discovery-
based learning when real world objects are augmented inside classroom or museum 
settings; objects modelling for physical properties investigation and interactions between 
augmented objects from real life; Augmented Reality books with 3D animations on the 
pages that make information come to life; skills training by using digital technology; 
Augmented Reality gaming with interactive testing elements and games that teachers can 
use as new powerful ways to attract students’ attention to studying. Augmented Reality 
helps to enable real time learning experiences visualised and interactive, embedded 
into real world scenarios and supportive for multiple range of disciplines [25]. Some 
applications with augmented reality have pre-packed solutions which can lead to 
interactivity however lower thinking and creativity process. For better learning outcomes 
it is advised to use learning by design applications where students can use their creativity 
and team work for making own experiences guided by teacher [26]. Suselo [30] describe 
Augmented Reality as a convenient and easy to use tool to augment information in 3D 
objects which leads to improvement of understanding of the material presented by teacher 
and helps learners to use visualization of information transformation. This is a novel 
way of helping students to develop critical thinking and imagination during learning 
process. This transforms the way of teaching especially when students have the possibility 
to create augmented experiences right in the classroom settings. To summarize, the 
transformation of education at the level of digital tools introduction has started and more 
to come. Augmented Reality technology is being used and adopted with slight challenges 
of technical equipment to use the software and sometimes lack of training for teachers 
to feel conformable in adopting technology as well as introducing it in their classroom 
settings. The benefits of digital transformation at primary education driven by augmented 
reality there is a good chance of having more interest and engagement from the side of 
students in teaching and learning process.

Overview of the main subject/curricula areas where augmented reality 
technology is used

Applications for Augmented Reality are growing and provide marker-based 
and marker-less solutions, location-based content aggregators, images triggering and 
interactive modelling, creating AR environments and embedding media in AR solutions, 
creating own games using technology and others [26]. As the capabilities are growing, 
technology enables teachers to use its applications in their classroom settings more often, 
mention [26]. The researchers discovered that Augmented Reality found its application 
in literature studies and supports different pedagogical approaches that are not limited to 
constructivist learning, situated learning, games-based and enquiry-based learning. Some 
solutions with Augmented Reality support learning by doing or learning by designing 
in different subject areas. Thus, Bower [26] provide an overview of several augmented 
reality applications where students have created their own artworks for subjects like 
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history, science and arts. Augmented Reality is extensively used in primary education 
for teaching STEM subjects (Geometry, Geography, Science and others) claim Yegorina 
[31] in their research. The use of augmented reality in this research was focused on the 
multi-user aspect where the interactivity between teams of students for learning with 
technology was taken into consideration. Although, this area of use of augmented reality 
in primary education is relatively new, there are multiple applications in the research 
papers mention. They cover marker-based, marker-less and location-based augmented 
reality solutions for the variety of subjects range in primary school. 

Combining real and augmented world is now possible in computer science education 
thanks to augmented reality at a beginner level [28]. This creates new opportunities for 
both teachers and students to try 3D visual programming skills that involve use of several 
applications available mention Oleksiuk & Oleksiuk [28]. It does however require extra 
preparation form a teacher to run a computer science class that involves Augmented 
Reality visual programming. Physics course as a par of science discipline made it possible 
to avoid issues when conducting experiments because teachers can deliver experiment 
contents in a visual and hazard-free format as well as students can repeat the same 
experiment multiple times [29]. Sagan [32] conducted research at primary school level 
using augmented reality from the point of interactivity and its application on art and 
design, geography, literature, science, creativeness, history, mathematics. The use of 
technology at primary school age has shown positive results with some challenges as 
being technically savvy from teacher’s side that can influence the efficiency of technology 
use. Kerawalla [33] conducted a study on science education in primary school with the 
support of Augmented Reality: understanding of planet earth and sun by interacting with 
the application where students could rotate objects and understood relationship between 
sunlight and night and day. Augmented Reality proved its efficiency in other domains 
of science, for example, studies in molecular structure learning. Researchers claim that 
success of the study and a great potential of augmented reality for education. Game-
based team work with the use of the software showed more engagement and motivation 
in the studies; interactivity elements supported motivation in exploring more about 
subjects of studies. To conclude, the mention of multiple subject areas already covered 
by Augmented Reality application provides confidence in further development in the 
field. Augmented Reality is a 3D visualization technology and it is important to keep 
in mind that not all school disciplines require material visualization. The application of 
this technology at primary school level helps to engage students in the creative process of 
interacting and learning with digital tools.

Findings on the main outcomes of digital transformation driven by 
Augmented Reality

Augmented Reality is getting awareness in education among teachers, students and 
parents as well as of technology’s potential to improve learning experience because of 
the diversity of applications coming up each year covering multiple disciplines at school 
[34]. According to Yuliono & Rintayati [25], Augmented Reality supported changes in 
educational settings when used at school. The researchers have observed three categories 
that were influenced by this technology: learner outcomes, pedagogical contributions 
and interactions. In the category of learner outcomes there have been enhancement, 
motivation and positive attitude towards learning observed. Augmented Reality helped 
students to improve their skills and impacted their motivation in learning. From the 
side of pedagogical perspective, there was more enjoyment in the learning process 
together with increased engagement in the learning process noticed. Education process 
shifter from teacher-centred to student-centred where technology helped students to 
acquire information independently, gain new experiences and make the whole process 
of education more attractive. The levels of interaction with materials increased because 
students were able to drive their learning outcomes through context-related learning. 
Diegmann [18] noticed increased motivation on the side of students who dealt with 
new technology compared to non-augmented reality methods of delivering the same 
information. Students appeared to be more eager to join each new lesson where the 
technology is used. Additionally, there was increased attention and concentration 
during lessons when students interacted with technology as well as higher satisfaction 
regarding both educational process and its outcomes. The pedagogical outcomes have 
positive notion as well on the side of improved student-centred learning and collaborative 
experiences during lessons. Based on the research outcomes by Kerawalla [33], augmented 
reality software should have flexibility and support individual learning needs because this 
can help teachers to adapt it easier. There is a need to deliver curriculum related material 
and education technology providers should have this in mind when delivering software 
contents. Students needs flexibility and a good mix of interactivity inside the applications 
because this can help to keep the engagement and motivation and the use of the software 
will not be boring.

Interesting enough that Hovarth [35] highlights improved learning efficiency (30% 
in students’ teamwork, 50% increase information understanding and retention, 50% 
critical thinking improvements) when augmented reality technology was used. The 
results of the experiment conducted by Sagan [32] in primary school at variety of subject 
areas show increased interest and motivation (33,3%) in educational process and more 
engagement (83,4%) from the side of students when they interacted with animation in 3D. 
The cognitive interest increased up to 72%. Based on research conducted by Nurbekova 
& Baigusheva [36], students (88%) and teachers (86%) trust that use of augmented 
reality solutions for teaching and learning increases efficiency of the process however 
the research results shown that understanding of the learning material by students with 
augmented reality increases by 96% and motivation or finding the learning engaging 
by 98%. Students noticed that when they learn theoretical material with augmented 
reality it helps to remember it better by 85%. Researchers claim that the main didactical 
principles of “visibility, the connection of theory with practice, consciousness and 
activity, accessibility, strength, science, system and consistency” are feasible to achieve 
with augmented reality technology. Based on the overview, it is clear that augmented 
reality proves to be an efficient tool for both target groups: teachers and students. The 
increased motivation and information retention, engagement in educational process and 
higher achievements of students showcase the benefits that technology provides.

Discussion

The objective to conduct this literature review was to show case the importance of 
the augmented reality applications in primary education covering three main areas of how 
the educational software created digital transformation in the sector, which subject areas 
are getting covered by the software and how Augmented Reality impacts teaching and 
learning process. The paper aimed to highlight the main areas of impact on curriculum, 
pedagogy and digital transformation covering the augmented reality technology as a 
part of digital transformation at primary school. Alongside with the subject areas and 
curriculum alignment it was interesting to investigate the impact of this educational 
technology on overall teaching processes and the outcomes that were observed from the 
side of teachers and how they adapt to using technology to the impact on the students 
and their performance, engagement and motivation in learning where augmented reality 
software was applied.

The study has provided the answers to three research questions:

(RQ1) How has augmented reality digitally transformed teaching and learning at 
primary school level?

Augmented Reality has opened new ways of introducing information through 3D 
visual representation compared to well-known textbooks with 2D visuals. Additionally, 
to the 3D visualization, augmented reality technology provides interactivity with the 
material presented depending on the context and scenarios in the applications. Certainly, 
there is some time required for teachers to get used to new tool and in some cases, 
they require some technical knowledge. This educational technology has opened new 
opportunities to engage students in teaching and learning process because it supports 
development of the 21st century skills required for the future workforce. Although this 
technology is still considered emerging it does show the potential for both in-class and 
remote learning.

(RQ2) What is the main subject/curricula areas where augmented reality technology 
is used?

There have been found multiple applications of the augmented reality in primary 
education. They cover different subject areas and open to teachers a wide range of 
opportunity for using it in teaching. The studies reviewed provide information that 
augmented reality was used in teaching geometry, geography, science, social studies, 
nature studies, biology, languages, history, arts, astronomy as well as computer skills 
learning through visual coding and developing own scenarios using 3D visualization. 
Some subjects have wider selection of augmented reality applications (most often 
geometry, astronomy, geography, nature studies) and some are less represented 
(chemistry, history). This gives more opportunities for education technology providers 
to cover the gaps. There are also different options for using technology starting from 
web-based applications to mobile based, form using a target image to launch augmented 
reality (marker-based) to location based and markerless options. The applications allow 
students to interact with contents, review suggested scenarios and create own augmented 
scenes.
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RQ3) What are the main outcomes of digital transformation driven by augmented 
reality?

This literature review suggests that augmented reality applications are beneficial for 
both students and teachers. Teachers have multiple pedagogical benefits that support 
teaching methods with a student-centred approach, learning by doing and developing 
design thinking. This technology supports teachers in developing lesson activities based 
on individual students’ needs and help to get more engagement from the students’ side. 
On the other side, students are more motivated and inspired to join lesson activities 
because of novelty approach in information introduction. The technology supports 
development of their curiosity and information retention in the long run which benefits 
better assessment results.

Conclusion

The objective of this literature review paper had focus on digital transformation in 
primary education driven by augmented reality technology from different angels (subject/
curriculum area, teacher adoption and pedagogy, outcomes observed when using 
applications with augmented reality). The observations have shown a good scenario of 
adoption this technology in educational settings. It has created a digital transformation in 
primary school based on the new way of introducing learning material which appeared to 
be more engaging and student-focused from pedagogical perspective as well as supported 
teachers in creating novelty approaches for personalized learning ways. Based on the 
subject and application with Augmented Reality, teachers have new opportunities of 
delivering STEM subjects and more, engaging students in hands-on learning experiences 
when the possibility of creating with augmented reality was an option. Students, on 
the other side, are driven by interactive emerging technology because it provides the 
possibilities to actively learn and develops curiosity to explore the subjects’ areas more. 
Collaborative work in teams on projects where augmented reality was one of the elements 
showed positive impact on the assessment and overall feedback from learners. Further 
introduction of augmented reality at a lager scale and support of curriculum alignment 
can lead to better adaption of this technology by teachers who are not technically savvy 
and can easily use the software. The more benefits are observed in use of Augmented 
Reality, the more potential adaption scenarios are possible in the future.

Research Limitations and Further Research Suggestions

This literature review paper had focus on the digital transformation aspect led by 
augmented reality in primary education and it has been noticed that there were challenges 
in adaption of this technology mentioned [19,20,31]. This paper didn’t aim to observe 
challenges that teachers face when trying to adapt augmented reality (apart from hardware 
challenges). Further research area may be on the main challenges that teachers face and 
how to overcome these challenges by developing continuous professional development 
trainings and/or educational courses for both tech-savvy and non-tech-savvy educators. 
Furthermore, there is lack of resources that describe digital transformation of primary 
education with emerging technologies including Augmented Reality and can be also 
an objective for further research. This paper has limitations on the studies found based 
on the key word search preselected for this literature review and may be limited to the 
information retrieved from the three search sources.

References

1. (2017) Technology in a classroom–Augmented reality is the future of education. 
Clever Books, USA.

2. Wire B (2018) Growth opportunities in the education technology market-Forecast 
to 2022. Business Wire. Frost & Sullivan.

3. Global education technology market to reach $341B by 2025 (2019) Markets 
Insider.

4. Bulman G, Fairlie RW (2016) Technology and education: Computers, software, and 
the internet. Handbook of the Economics of Education 5: 239-280.

5. Holland J, Holland J (2014) Implications of shifting technology in education. 
TechTrends 58(3): 16-25.

6. Collins A, Halverson R (2018) Rethinking education in the age of technology: The 
digital revolution and schooling in America. 1st (edn.), Teachers College Press, 
USA, pp. 1-192.

7. Fotaris P, Pellas N, Kazanidis I, Smith P (2017) A systematic review of augmented 
reality game-based applications in primary education. 11th European Conference 
on Games Based Learning (ECGBL), pp. 181-191.

8. Atwood-Blaine D, Huffman D (2017) Mobile Gaming and student interactions in a 
science center: The future of gaming in science education. International Journal for 
Science and Mathematics Education 15: 45-65.

9. Chiang THC, Yang SJH, Hwang GJ (2014) An augmented reality-based mobile 
learning system to improve students’ learning achievements and motivations in 
natural science inquiry activities. Educational Technology & Society 17(4): 352-
365.

10. Ren P, Qiao X, Chen J, Dustdar S (2018) Mobile edge computing–A booster for the 
practical provisioning approach of web-based augmented reality. 2018 IEEE/ACM 
Symposium on Edge Computing (SEC), pp. 349-350.

11. Alzahrani NM (2020) Augmented reality: A systematic review of its benefits and 
challenges in e-learning contexts. Applied Sciences 10(16): 5660.

12. Papanastasiou G, Drigas A, Skianis C, Lytras M, Papanastasiou E (2019) Virtual and 
augmented reality effects on K-12, higher and tertiary education students’ twenty-
first century skills. Virtual Reality 23(4): 425-436.

13. Nincarean D, Alia MB, Halim NDA, Rahman MHA (2013) Mobile augmented 
reality: The potential for education. Procedia-social and behavioral sciences 103: 
657-664.

14. Ibáñez MB, Delgado-Kloos C (2018) Augmented reality for STEM learning: A 
systematic review. Computers & Education 123: 109-123.

15. Macaro E, Handley Z, Walter C (2012) A systematic review of CALL in English 
as a second language: Focus on primary and secondary education.  Language 
Teaching 45(1): 1-43.

16. Haßler B, Major L, Hennessy S (2016) Tablet use in schools: A critical review of 
the evidence for learning outcomes. Journal of Computer Assisted Learning 32(2): 
139-156.

17. Kitchenham B, Brereton OP, Budgen D, Turner M, Bailey J, et al. (2009) 
Systematic literature reviews in software engineering–a systematic literature 
review. Information and Software Technology 51(1): 7-15.

18. Diegmann P, Schmidt-Kraepelin M, Eynden S, Basten D (2015) Benefits of 
augmented reality in educational environments-a systematic literature review. AIS 
Electronic Library (AISeL), p. 1-16.

19. Liono RA, Amanda N, Pratiwi A, Gunawan AA (2021) A systematic literature 
review: Learning with visual by the help of augmented reality helps students learn 
better. Procedia Computer Science 179: 144-152.

20. Herpich F, Nunes FB, Petri G, Tarouco LMR (2019) How mobile augmented reality 
is applied in education? A systematic literature review. Creative Education 10(7): 
1589-1627.

21. Bacca Acosta JL, Baldiris Navarro SM, Fabregat Gesa R, Graf S (2014) Augmented 
reality trends in education: A systematic review of research and applications. Journal 
of Educational Technology and Society 17(4): 133-149.

22. Avila-Garzon C, Bacca-Acosta J, Duarte J, Betancourt J (2021) Augmented 
reality in education: An overview of twenty-five years of research. Contemporary 
Educational Technology 13(3): 1-29.

23. Samad S, Nilashi M, Abumalloh RA, Ghabban F, Supriyanto E, et al. (2021) 
Associated advantages and challenges of augmented reality in educational settings: 
A systematic review. Journal of Soft Computing and Decision Support Systems 8(1): 
12-17.

24. Garzón J, Pavón J, Baldiris S (2019) Systematic review and meta-analysis of 
augmented reality in educational settings. Virtual Reality 23(4): 447-459.

25. Yuliono T, Rintayati P (2018) The promising roles of augmented reality in 
educational setting: A review of the literature. International Journal of Educational 
Methodology 4(3): 125-132.

26. Bower M, Howe C, McCredie N, Robinson A, Grover D (2014) Augmented Reality 
in education–cases, places and potentials. Educational Media International 51(1): 
1-15.

27. Wei CY, Kuah YC, Ng CP, Lau WK (2021) Augmented Reality (AR) as an 
enhancement teaching tool: Are educators ready for it? Contemporary Educational 
Technology 13(3): 1-14.

28. Oleksiuk VP, Oleksiuk OR (2020) Exploring the potential of augmented reality for 
teaching school computer science. p. 1-17.

29. Molnár G, Szűts Z, Biró K (2018) Use of augmented reality in learning.  Acta 
Polytechnica Hungarica 15(5): 209-222.

https://www.cleverbooks.eu/technology-in-a-classroom/
https://www.cleverbooks.eu/technology-in-a-classroom/
https://store.frost.com/growth-opportunities-in-the-education-technology-market-forecast-to-2022.html
https://store.frost.com/growth-opportunities-in-the-education-technology-market-forecast-to-2022.html
https://markets.businessinsider.com/news/stocks/global-education-technology-market-to-reach-341b-by-2025-1027892295
https://markets.businessinsider.com/news/stocks/global-education-technology-market-to-reach-341b-by-2025-1027892295
https://www.sciencedirect.com/science/article/abs/pii/B9780444634597000051
https://www.sciencedirect.com/science/article/abs/pii/B9780444634597000051
https://eric.ed.gov/?id=EJ1040147
https://eric.ed.gov/?id=EJ1040147
https://link.springer.com/article/10.1007/s10763-017-9801-y
https://link.springer.com/article/10.1007/s10763-017-9801-y
https://link.springer.com/article/10.1007/s10763-017-9801-y
https://eric.ed.gov/?id=EJ1045578
https://eric.ed.gov/?id=EJ1045578
https://eric.ed.gov/?id=EJ1045578
https://eric.ed.gov/?id=EJ1045578
https://ieeexplore.ieee.org/document/8567686
https://ieeexplore.ieee.org/document/8567686
https://ieeexplore.ieee.org/document/8567686
https://en.x-mol.com/paper/article/1294384819737337856
https://en.x-mol.com/paper/article/1294384819737337856
https://link.springer.com/article/10.1007/s10055-018-0363-2
https://link.springer.com/article/10.1007/s10055-018-0363-2
https://link.springer.com/article/10.1007/s10055-018-0363-2
https://www.sciencedirect.com/science/article/pii/S1877042813038305
https://www.sciencedirect.com/science/article/pii/S1877042813038305
https://www.sciencedirect.com/science/article/pii/S1877042813038305
https://www.sciencedirect.com/science/article/abs/pii/S0360131518301027
https://www.sciencedirect.com/science/article/abs/pii/S0360131518301027
https://eric.ed.gov/?id=EJ956201
https://eric.ed.gov/?id=EJ956201
https://eric.ed.gov/?id=EJ956201
https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12123
https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12123
https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12123
https://www.sciencedirect.com/science/article/abs/pii/S0950584908001390
https://www.sciencedirect.com/science/article/abs/pii/S0950584908001390
https://www.sciencedirect.com/science/article/abs/pii/S0950584908001390
https://aisel.aisnet.org/wi2015/103/
https://aisel.aisnet.org/wi2015/103/
https://aisel.aisnet.org/wi2015/103/
https://www.sciencedirect.com/science/article/pii/S1877050920324613
https://www.sciencedirect.com/science/article/pii/S1877050920324613
https://www.sciencedirect.com/science/article/pii/S1877050920324613
https://www.scirp.org/pdf/CE_2019072416150030.pdf
https://www.scirp.org/pdf/CE_2019072416150030.pdf
https://www.scirp.org/pdf/CE_2019072416150030.pdf
https://eric.ed.gov/?id=EJ1045535
https://eric.ed.gov/?id=EJ1045535
https://eric.ed.gov/?id=EJ1045535
https://www.cedtech.net/download/augmented-reality-in-education-an-overview-of-twenty-five-years-of-research-10865.pdf
https://www.cedtech.net/download/augmented-reality-in-education-an-overview-of-twenty-five-years-of-research-10865.pdf
https://www.cedtech.net/download/augmented-reality-in-education-an-overview-of-twenty-five-years-of-research-10865.pdf
https://www.jscdss.com/index.php/files/article/view/244
https://www.jscdss.com/index.php/files/article/view/244
https://www.jscdss.com/index.php/files/article/view/244
https://www.jscdss.com/index.php/files/article/view/244
https://link.springer.com/article/10.1007/s10055-019-00379-9
https://link.springer.com/article/10.1007/s10055-019-00379-9
https://www.ijem.com/the-promising-roles-of-augmented-reality-in-educational-setting-a-review-of-the-literature
https://www.ijem.com/the-promising-roles-of-augmented-reality-in-educational-setting-a-review-of-the-literature
https://www.ijem.com/the-promising-roles-of-augmented-reality-in-educational-setting-a-review-of-the-literature
https://www.tandfonline.com/doi/abs/10.1080/09523987.2014.889400
https://www.tandfonline.com/doi/abs/10.1080/09523987.2014.889400
https://www.tandfonline.com/doi/abs/10.1080/09523987.2014.889400
https://files.eric.ed.gov/fulltext/EJ1306555.pdf
https://files.eric.ed.gov/fulltext/EJ1306555.pdf
https://files.eric.ed.gov/fulltext/EJ1306555.pdf
http://ceur-ws.org/Vol-2731/paper04.pdf
http://ceur-ws.org/Vol-2731/paper04.pdf
http://acta.uni-obuda.hu/Molnar_Szucs_Biro_84.pdf
http://acta.uni-obuda.hu/Molnar_Szucs_Biro_84.pdf


Page 6/6

Copyright  Darya Yegorina

Citation: Yegorina D, Armstrong I, Kravtsov A and Tkachenko V (2022) Augmented Reality and Education: Digital Transformation in Primary School. Curr Res 
Psychol Behav Sci 3: 1052

30. Suselo T, Wünsche BC, Luxton-Reilly A (2021) Using mobile augmented reality for 
teaching 3D Transformations. Proceedings of the 52nd ACM Technical Symposium 
on Computer Science Education, pp. 872-878.

31. Yegorina D, Armstrong I, Kravtsov A, Merges K, Danhoff C (2021) Multi‐user 
geometry and geography augmented reality applications for collaborative and 
gamified STEM learning in primary school. Review of Education 9(3): e3319.

32. Sagan OV, Blakh VS, Los ON, Liba OM, Kazannikova OV (2022) The use of 
augmented reality technology in primary education. Amazonia Investiga 11(49): 
27-35.

33. Kerawalla L, Luckin R, Seljeflot S, Woolard A (2006) “Making it real”: Exploring 
the potential of augmented reality for teaching primary school science.  Virtual 
reality 10(3): 163-174.

34. Radu I (2012) Why should my students use AR? A comparative review of the 
educational impacts of augmented-reality. 2012 IEEE International Symposium on 
Mixed and Augmented Reality (ISMAR), pp. 313-314.

35. Horvath I (2016) Innovative engineering education in the cooperative VR 
environment. 2016 7th IEEE international conference on cognitive info 
communications, pp. 359-364.

36. Nurbekova Z, Baigusheva B (2020) On the issue of compliance with didactic 
principles in learning using augmented reality. International Journal of Emerging 
Technologies in Learning (IJET) 15(15): 121-132.

https://dl.acm.org/doi/10.1145/3408877.3432401
https://dl.acm.org/doi/10.1145/3408877.3432401
https://dl.acm.org/doi/10.1145/3408877.3432401
https://bera-journals.onlinelibrary.wiley.com/doi/abs/10.1002/rev3.3319
https://bera-journals.onlinelibrary.wiley.com/doi/abs/10.1002/rev3.3319
https://bera-journals.onlinelibrary.wiley.com/doi/abs/10.1002/rev3.3319
https://amazoniainvestiga.info/index.php/amazonia/article/view/1871
https://amazoniainvestiga.info/index.php/amazonia/article/view/1871
https://amazoniainvestiga.info/index.php/amazonia/article/view/1871
https://link.springer.com/article/10.1007/s10055-006-0036-4
https://link.springer.com/article/10.1007/s10055-006-0036-4
https://link.springer.com/article/10.1007/s10055-006-0036-4
https://ieeexplore.ieee.org/document/6402590
https://ieeexplore.ieee.org/document/6402590
https://ieeexplore.ieee.org/document/6402590
https://ieeexplore.ieee.org/document/7804576
https://ieeexplore.ieee.org/document/7804576
https://ieeexplore.ieee.org/document/7804576
https://www.learntechlib.org/p/217997/
https://www.learntechlib.org/p/217997/
https://www.learntechlib.org/p/217997/

	_Hlk103336369
	_GoBack
	_Hlk103336405
	_Hlk103336514
	_Hlk103336571
	_Hlk103336643
	_Hlk103336682

