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ABSTRACT

Higher education is increasingly using augmented reality (AR) as a teaching and learning tool. The purpose
of this systematic literature review (SLR) is to investigate the current situation of the art of research on
augmented reality (AR) in higher education. The study synthesizes 20 peer-reviewed articles that were
written between 2011 and 2022 with a focus on examining certain criteria, such as the total number of studies
performed over time, the countries that have used augmented reality in higher education, the duration of the
study, the academic fields that have used augmented reality, the variables that have been measured, and the
data collection techniques used. The study comes to the conclusion that augmented reality technology has
the potential to improve student outcomes in higher education, including engagement and learning processes.
The review identifies the knowledge gaps that might be investigated in future studies and offers insightful

information about the use of augmented reality in higher education overall.
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1.0 INTRODUCTION:

With the development of new multimedia
tools and strategies intended to improve the learning
experience, educational technology has significantly
advanced recently. Augmented Reality (AR) has
developed as one of these, and it shows promise as a
teaching and learning tool in higher education. AR
creates an immersive and interactive experience for
learners by merging the actual world with virtual
components [1].

A variety of subjects have been covered in
the expanding body of research on the use of
augmented reality in education, such as preparing
teachers for employing augmented reality [2],
student attitudes toward augmented reality [3], and
the effect of augmented reality on learning outcomes

[4].

Despite these results, additional research is
still required to fully understand the potential of
augmented reality in higher education and how it
might be successfully incorporated into the

classroom. In higher education, augmented reality
has been utilized to improve students' learning in a
variety of subjects, including the arts and humanities

[5].

This systematic literature review (SLR)
aims to provide an in-depth and up-to-date overview
of the most recent research on the application of
augmented reality (AR) in higher education. is
crucial for combining existing research, identifying
trends and gaps, evaluating results, advancing
knowledge, and assisting in the successful
integration of augmented reality in higher education
settings. The review concentrated on certain factors,
including the total number of studies conducted over
time, countries that have used augmented reality in
higher education, the time frame of the study, the
fields that have used augmented reality, the variables
that have been measured, and the data collection
methods used. This SLR provides insights into the
advantages and restrictions of employing augmented
reality in higher education by summarizing the
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relevant research, as well as suggest opportunities
for further investigation.

2.0 METHODOLOGY

In order to better understand the concept,
usage, impacts, and evaluation of augmented reality
applications in higher education, as well as the
experimental methodology, sample sizes, and
outcome measurement techniques, the researchers
set out to conduct a number of studies. Researchers
followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA)
guidelines when performing a Systematic Literature
Review (SLR) to accomplish this. The PRISMA
guidelines are a collection of evidence-based
requirements for reporting in systematic reviews and
meta-analyses, according to Moher et al. [6] and
Yasin et al. [7]. These guidelines emphasize the
reporting of reviews that evaluate the impact of
treatments as their primary focus.

The Systematic Literature Review was
conducted through a series of steps, beginning with
the identification of research questions. The next
step involved constructing a research strategy, which
included selecting academic research databases,
such as Scopus, Web of Science, IEEE, and Science
Direct. The third step was to construct inclusion and
exclusion criteria, including population, study type,
time frame (2011-2022), and education level.

The fourth step included a screening
procedure based on the research publications' titles
and abstracts. while the fifth step included
information retrieval based on certain criteria, such
as research title, type of experimental study used,
and data collection method, as well as the field of
higher education.

Finally, the findings and analysis of the
Systematic Literature Review were presented.
Figure I illustrates the steps involved in conducting
this review.

1. developing research questions

2. constructing a research plan

3. setting criteria for inclusion and
exclusion

4. Screening process

5. Information retrieval

6. Findings and analysis

Figure 1: The steps of a systematic review
of the literature

2.1 Research questions:

In this section, we will present the research
question that guided this systematic literature
review, providing a clear focus and direction for the
investigation.

RQ 01: How has the number of research
papers examining the use of augmented reality in
higher education changed over the past ten years?

RQ 02: What countries have investigated
augmented reality applications?

RQ 03: How have the sample sizes and
study durations varied in studies investigating
Augmented reality applications in different
academic domains or specializations?

RQ 04: Which variables related to the use
of augmented reality in higher education have been
measured in the past decade?

RQ 05: Which academic domains or
specializations have examined or tested Augmented
reality applications?

RQ 06: What are the methods and tools
employed to measure the variables and collect the
data related to the application of augmented reality
in higher education?

RQ 07: What are the potential areas for
future research on the use of augmented reality in
higher education?
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2.2 Objectives

The purpose of this systematic review of
the literature was to offer a comprehensive
assessment of academic articles that examine the
usage of augmented reality in higher education over
the past ten years. Through the exploration of key
research questions, this review aims to identify the
trends, variables, methods, and academic domains
related to the use of augmented reality in higher
education. Additionally, this review seeks to provide
insights into the sample sizes, study durations, and
geographic locations of studies investigating
augmented reality applications in higher education.
By reaching these goals, this review will offer
insightful information about the current state of
augmented reality research in higher education and
potential research fields. The objectives of the
systematic literature review were:

1.To identify and examine the ten-
year trend in academic articles looking into
the use of augmented reality in higher
education.

2.To identify countries that
investigated into the use of augmented
reality in higher education.

3.To analyze the sample sizes and
study  durations wused in  studies
investigating augmented reality
applications in different academic domains
or specializations.

4.To identify the variables that have
been assessed in research on the application
of augmented reality in higher education
over the previous ten years.

5.To identify the academic domains
or specializations that have examined or
tested augmented reality applications.

6.To examine the methods and tools
used to measure the variables related to the
use of augmented reality in higher
education.

7.To identify potential areas for
future research on the use of augmented
reality in higher education.

8.

2.3 Search string

Between 2011 and 2022, a search was
conducted in several academic research databases,
namely Scopus, Web of Science, IEEE, and Science
Direct. The search query was based on keywords
related to Augmented Reality and higher education.

Quick database search identified relevant
terms and phrases for accurate keyword
identification in this paper, ensuring up-to-date
research materials.

The specific keywords used to formulate
the search query were:(Augmented AND Reality)
AND  (Application OR  software) = AND
(Experimental or  quasi-experimental) AND
(“Higher Education” OR University)

In order to ensure that no relevant papers
were overlooked (avoiding false negatives), we
conducted additional searches wusing fresh
synonymous keywords. This process was continued
until no new documents meeting the inclusion
criteria were identified.
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Figure 02 illustrates the steps that were followed in conducting a systematic literature review

(SLR) for this study.

Records identified through database
searching

(n=537)

v
Records excluded (n=453)

Exclusion based on title and abstract
screened, papers were excluded if they a)
were not related to augmented reality, b)
did not involve an experimental study, or

c¢) were not applied in higher education.

l

A

Records remaining

(n=84)

Research identified from Scopus

(n=142)
Research identified from science direct
(n=178)
Research identified Web of science

(n=167)

Research identified from IEEE
(n=50)

\ 4

Duplicated removed

(n=39)

Records screened Full-test articles excluded
S
(n= 45) (n=25)
T Papers excluded based on full-test articles
l if they were NOT (a) related to
Augmented Reality or Experimental
Studies included in qualitative synthesis study, (b) in English, (c) students or (d)
Full access.
(n=20)
v A 4 A 4 \ 4
Category 1 Category 2 Category 3
. Category 4
Medical sector n= (10) Engineering and science Linguistics
ICTn=(2
(Health, Medical, Nursing, n=(7) n=(1) n=2)
anatomy, pharmacy,

Figure 2: Procedure for Collecting and Processing Data in Accordance with PRISMA Guidelines
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2.4 Eligibility criteria

Defining precise inclusion and exclusion
criteria is crucial to guarantee a thorough and
concentrated examination of the relevant literature
on utilizing AR in higher education. The following
criteria must be met by the papers to be considered
for inclusion in this review:

e The study must be relevant to the
application of Augmented Reality technology in
higher education.

e Publication timeframe: studies published
within the past decade (between 2011 to 2022)

e Content scope: studies that concentrate on
the utilization of AR in education, and its effects
on student learning outcomes and experiences.

e Study methodology: experimental and
quasi-experimental studies investigating the
utilization of AR in higher education.

e Conversely, papers were not included if
they met any of the following criteria:

e Studies that focus on AR technology
development or AR applications outside of
higher education.

¢ Studies conducted for experts, teachers and
instructors.

e Studies that employ other forms of
technology-enhanced learning, such as Virtual
Reality (VR) or 3D environments, and do not
primarily concentrate on AR.

e Non-English language
excluded.

studies were

2.5 Classify of the papers

After the initial screening process, the
selected papers were subjected to a thorough coding

and analysis process using Microsoft Excel. In order
to ensure the reliability of judgments, two authors
independently read and analyzed all the papers,
attempting to assign them to distinct categories such
as sample size, data collection method, variables,
year, country, domain, duration, results, problem
statement, and research method.

To ensure consistency in assessing and
categorizing the papers, the authors provided
definitions and explanations for each category to the
readers. In case of any disagreement between the two
authors, a third author intervened to reach a decision
[8]. All authors then discussed the papers together
and worked towards a consensus.

This rigorous process ensured the accuracy
and validity of the categorization and analysis of the
selected papers.

2.6 Data extraction

The findings from the coding and analysis
process are summarized in Table 1, which presents a
detailed breakdown of the factors collected in order
to answer the research question. These factors
include country, data collection method, sample size,
level, duration, variables, and domain. The results in
Table 1 serves as a valuable reference for
understanding the specific contributions that each
study made to the broader body of research on the
use of augmented reality in higher education.

By presenting this information in a clear
and organized manner, Table 2 enables readers to
quickly identify the main findings and conclusions
of each study and to compare and contrast the results
across different studies.

Table 1: Data extraction form

Data collection

References Country Method Sample Duration Variables Domain
Dukalskaya & . L
Tabueva, 2022 Russia oral survey 42 1 semester Motivation L1ngu1§t1c
[9] Performance Education
Christopoulos re and post test C:30 i‘ﬁngenrifem Medical
etal., 2022 Finland pre anc pos ) 4 weeks .. .
[10] questionnaire E:30 Training Education
satisfaction
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Data collection . . .
References Country Method Sample Duration Variables Domain
Nordin, d vost test Students'
: pre and post tes
gordlni(iz Malaysia 55 1 semester lér;?wlgdge Management
mar, course assessment cctiveness
[11] of AR app
Academic
Herbert et al., Us Pre and post test C: 14 | semester achievement Medical
2021 [12] questionnaire E:19 Satisfaction Education
Usability
Sodervik et al., . Pre and post test C:6 Learning Medical
Finland . . notclear  outcomes .
2021 [13] questionnaire E:10 o Education
Usability
Pre and post test
Kurt & Oztiirk, Turke Ef.fclfitgﬁce test, C:58 3 weeks  Knowledge Medical
2021 [14] y . . E:64 Skills Education
evaluation
checklist
Fernandes,
Teles, & . . . C: 40 .. Medical
Teixeira, 2020 Brazil Questionnaire E-40 not clear  Usability Education
[15]
Robinson,
Mitchell & pre and post C:5 Medical
Brenseke, us activity E:5 I week Knowledge Education
2020 [16]
Survey
Bork et al, German plr;;satlil(()in%(;si;e c:38 1 da Il\ilsoat?\lll;iyon Medical
2021 [17] y o4 E:8 y Education
o Knowledge
system usability
scale
Mladenovic et . Appl1cat.1on of C: 19 Effectiveness Medical
Serbia anesthesia ) 4 weeks  Knowledge .
al., 2019 [18] . . E:22 . Education
Post questionnaire Skills
. Spatial
Kwiatek et al., Canada practical test 61 not clear  cognitive Engineering
2019 [19] =
abilities
Reuter et al., . . C.7 I Software
Germany questionnaire not clear  Performance . .
2019 [20] E:7 . Engineering
Motivation
Alietal., 2017 . Interview, pre and  C: 30 . .
21] Malaysia post test E-30 not clear  not clear Engineering
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Data collection . . .
References Country Method Sample Duration Variables Domain
Bal & Bicen, Pre and post test,  C: 25 . .
2016 [22] Turkey Questionnaire E-25 1 semester Achievement  Education
academic
achievement test Academic
Kiigiik et al. (post test for both  C: 36 . Medical
Turkey 1 semester achievement .
(2016) [23] groups) E:34 .\ Education
P Cognitive load
Cognitive load
scale
Pre and post test
: Pre and post ;
Akgayir et al., nd pos C: 38 Skills .
2016 [24] Turkey questionnaire E38 5 weeks Attitudes Education
interview
Usability
Academic
Sanchez et al., . pre and post test performance . .
2015 [25] Spain questionnaire 146 3 days Effectiveness Engineering
Efficiency
Satisfaction
Academic
. achievement
Gut1e:rrez & . Exam C:22 Effectiveness . .
Fernandez, Spain . . 6 weeks . Engineering
questionnaire E:25 Efficiency
2014 [26] . .
Satisfaction
Motivation
Leeetal., Korea Practical test 40 not clear Performance Medical
2013 [27] questionnaire Effectiveness  Education
Martin- Post text Motivation
. . C:22 . . . .
Gutierrez, Spain . ) E25 6 weeks  Satisfaction Engineering
2011 [28] questionnaire : Effectiveness

C, Control group; E, Experimental group

Table 2 provides a comprehensive overview of the key findings from each individual study that

was included in the analysis.

Table 2: Included studies findings

References Findings
Dukalskaya & Tabueva, The findings sugge.st that 1nporp0rat1ng It}format%on gnd Corpmumcatlon
2022 [9] Technology (ICT) into English language instruction is effective for non-

Christopoulos et al.,

2022 [10]

linguistic students.

Participants in the experimental group outperformed their counterparts by a
significant margin.
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References

Findings

Nordin, Nordin, &
Omar, 2022 [11]

Herbert et al., 2021 [12]

Sodervik et al., 2021
[13]

Kurt & Orztiirk, 2021
[14]

Fernandes, Teles, &

Teixeira, 2020 [15]

Robinson, Mitchell &
Brenseke, 2020 [16]

Bork et al., 2021 [17]

Mladenovic et al., 2019
[18]

Kwiatek et al., 2019
[19]

Reuter et al., 2019 [20]

Ali etal., 2017 [21]

Bal & Bicen, 2016 [22]

Results indicate that students performed better on all tests taken before using
REV-OPOLY.

Although more students said they preferred the AR app, there were no
appreciable improvements in learning.

Compared to conventional laboratory instruction, AR proved more effective
at improving performance in the scientific lab and reducing error rates.

It was found that MAR apps helped nursing students retain their newly
acquired knowledge and abilities and had a beneficial impact on their levels
of knowledge and proficiency in relation to injection techniques.

In terms of usability and learning factor, the results were encouraging. We
came to the conclusion that using NitLabEduca as an addition to printed
information when studying the spinal cord appears to favor learning.

According to research, MR is a useful teaching tool that enhances the
learning process.

The outcomes demonstrated the collaborative AR system's potential for
improving students' 3D grasp of topographic anatomy as well as its
advantages over similar single-user AR systems.

Overall, the students who combined their education in augmented reality
with the mobile simulator were able to complete anesthetic procedures for
the ITANB more quickly and with greater success than the students who only
used the traditional teaching methods.

Both inexperienced engineers and skilled professional pipe fitters can
significantly reduce the amount of time spent assembling pipe spools
compared to using the traditional methods.

We found that participants in the experimental group tended to be more
motivated than those in the control group. Both teams gave equally good
performances.

The majority of respondents found it challenging to visualize 3-dimensional
objects from 2-dimensional projection images and vice versa, so they
preferred learning with the aid of 3-D computer-aided animation. In
addition, this study discovered that using an augmented reality learning
environment helps students develop their abilities to combine 2-dimensional
objects.

The experimental group has a higher level of achievement. Results in this
context demonstrated that integrating augmented reality and QR codes into
computer hardware course applications has a positive impact on students'
academic achievements and their perceptions of the course.
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References

Findings

Kiigiik et al. (2016) [23]

Akcayir et al., 2016
[24]

Sanchez et al., 2015
[25]

Gutiérrez & Fernandez,
2014 [26]

Lee et al., 2013 [27]

Martin-Gutierrez, 2011
(28]

The experimental group reported greater achievement and decreased
cognitive load while using mAR applications. The creation of an efficient
and effective learning environment was facilitated by the use of mAR
applications in anatomy instruction.

The laboratory skills of university students were developed significantly
more effectively thanks to AR technology. AR technology helped the
students develop better laboratory skills and more positive attitudes toward
physics labs.

The PRE and POST test results, along with questionnaire responses, reveal
high qualification levels in terms of effectiveness, efficiency, and
satisfaction.

Results show that when the newest technological tools are incorporated into
the teaching process, engineering students perform better academically and
are more motivated.

AR simulation has been proven to be a very effective tool for training
medical personnel, even though the system used in this study needs to be
modified before it can be adopted for veterinary educational use.

The findings reveal that the experimental group's students enjoyed learning
with augmented reality technology and even performed better on a test of
content evaluation.

2.7 RESULTS AND DISCUSSION

In this section, the results and discuss the
findings of our systematic literature review on the
use of augmented reality in higher education have
been presented. Key research questions, covering

4
3 3 3 3
3
2
1
0
SN T N T - T T T S P, Ve
NS IS S T T 2 %
AT DT DT AT AT AT AT AR AR AP

Figure 3: Year of Publication

aspects such as research trends, countries involved,
sample sizes, measured variables, academic
domains, methods/tools used, and potential areas for
future research have been addressed.

This may point to an increase in interest in
the field of multimedia learning and its potential
applications across different industries, possibly due
in part to the COVID-19 pandemic and the shift
towards remote and online learning.

It is crucial to carry out research in this field
to better understand how multimedia affects learning
outcomes and to investigate fresh approaches to
integrating multimedia into training and educational
environments.

2.7.1 year of publication

The research articles included in the study
have been growing gradually since 2011 As shown
in Figure 03, according to the data you provided.
The number of papers reached a peak in 2014, and
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since 2019, the number has been increasing challenges and promote knowledge sharing
continuously. and collaboration across borders.

2.7.2 study location

The SLR paper demonstrates a diverse
range of countries represented in the research
articles, as shown in Figure 04. Turkey had the
highest number of papers, followed by Spain,
Finland, Germany, Malaysia, and the US, with the
remaining countries each having one article. This
diversity suggests that research on the effectiveness
of educational and training programs is a global
phenomenon, which may be influenced by cultural,
linguistic, and social differences.

The country of origin may also reflect the
availability of research funding, institutional
support, and expertise in the domain of the study.
This information can be useful in understanding the
context of the research and its practical applications.
However, as most studies were conducted in

developed countries, it is essential to
explore the effectiveness of educational technologies
in different socio-cultural contexts where access to
technology and resources may be limited.

Research from developing and least
developed countries can provide valuable insights
into the unique challenges and opportunities for
education and training in these contexts. However,
researchers in these countries may face additional
barriers and challenges when conducting and
publishing their research, such as limited funding
and access to resources. Collaborations and
partnerships between researchers in developed and
developing countries can help to address these

4

—_

Moreover, more comparative studies are
needed to understand how cultural and educational
contexts impact the effectiveness of educational
technologies. For instance, a comparative study of
the effectiveness of AR technology in Turkey and
Korea, or in Spain and Albania, could provide
insights into the role of culture and educational
systems in shaping the adoption and impact of
educational technologies.

2.7.3 sample size

As illustrated in Figure 05, Although there
are studies where it was not clear how many groups
that students divide into, like Lee et al.,[27], Sanchez
et al., [25], Kwiatek et al., [19], Nordin, Nordin, &
Omar, [11] and Dukalskaya & Tabueva, [9] there is
a significant difference and variation in the number
of students who participated in the studies. Some
studies used very limited numbers, such as 5 students
per group Robinson, Mitchell & Brenseke, [16],
Bork et al., [17], Sodervik et al., [13] and Reuter et
al., [20], while Kurt & Oztiirk, [14] study used larger
number exceeding 50 students in each group.

All other half of the studies used moderate
numbers of 25-40 students relative to the studies
included in the research. All studies did not clearly
indicate the study population or the method of
selecting the study sample, and this does not allow
us to infer a clear rule that determines the
appropriateness of the study sample used in the
research.

:J....llllll

Canada Korea Russia Serbia  Brazil

Finland Germany Malaysia

Spain  Turkey

Figure 4: Study location
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2.7.4 study duration

Based on the Figure 6, it appears that the
duration of the experiments included in SLR paper
varied widely. The most commonly reported
duration was one semester, with 5 articles indicating
that their experiment lasted for this length of time.
The next most common durations were less than a
week and 2 to 4 weeks, each of which appeared in 3
articles. 5 to 8 weeks was also a commonly reported
duration, appearing in 3 articles. Finally, 6 articles
did not clearly report the duration of their
experiment.

This information can be helpful in
understanding the range of durations used in
previous studies and can also be useful in planning
future research. It suggests that a range of durations
can be effective in measuring the variables related to
educational and training programs, and that the

Figure 5: Sample size

appropriate duration may depend on the specific
goals and context of the experiment. For example,
shorter experiments may be more feasible for
measuring certain  variables, while longer
experiments may be necessary to capture changes
over time or to assess the longer-term impact of a
program.
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Figure 6: Study duration

2.7.5 variables measured in the study

Based on Figure 7, it appears that
effectiveness was the most commonly measured
variable across the studies included in SLR paper,
with 7 articles measuring this variable. Motivation
and academic achievement were tied for the second

most commonly measured variables, each appearing
in 5 articles. Satisfaction, knowledge, and usability
were also frequently measured, with 5 articles each.
Performance and skills were measured in 4 and 3
articles, respectively. Efficiency, learning outcomes,
spatial cognitive abilities, cognitive load, and
attitudes were less frequently measured, each
appearing in only 2 or fewer articles. This
information can help identify that some variables
like effectiveness, motivation and achievement have
received the most attention in the literature. It can
also help to identify areas where more research may
be needed to build a more complete understanding
of the effectiveness of educational and training
programs such as Efficiency, learning outcomes,

70
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30 /\

20

0 I

1 3 5 7 9 11 13 15 17 19

mmmm Control Experimental
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Figure 7: Variables measured in the study

spatial cognitive abilities, cognitive load, and
attitude toward using AR application.

Based on the variables and their frequency
of measurement in the literature, here are a few
suggestions for future research in the field of
educational and training programs:

1. Further explore the relationship between
effectiveness and other variables: Given that
effectiveness was the most commonly
measured variable, it may be beneficial to
further explore its relationship with other
variables, such as motivation, satisfaction, and
performance. This can help identify the key
factors that contribute to the effectiveness of

educational and training programs.

Investigate the impact of efficiency on program
outcomes: Although efficiency was only
measured in 2 articles, it can be an important
factor in determining the success of educational
and training programs. Future research could
explore the impact of efficient program design
and delivery on learner outcomes.

Study the relationship between cognitive load
and other variables: Cognitive load was only
measured in 1 article, but it can be an important
factor to consider when designing educational
and training programs. Future research could
explore the relationship between cognitive load
and other variables, such as performance,
satisfaction, and learning outcomes.

Examine the role of attitudes in program
success: Attitudes were also only measured in

1 article, but they can play a significant role in
determining learner engagement and success in
educational and training programs. Future
research could explore how attitudes impact
motivation, satisfaction, and other key program
outcomes.

Overall, future research in this field can
help build a more complete understanding of the
factors that contribute to the effectiveness of
educational and training programs, and can help
inform the design and delivery of more successful
programs in the future.

2.7.6 academic domain

From the literature review, and referring to
Figure 8, it appears that the majority of the articles
included were related to medical education, with 10
articles reporting this domain. Engineering was also
a commonly studied domain, with 5 articles
reporting this focus. Education was the domain of
focus for 2 articles, while linguistic education,

management, and software engineering each
appeared in 1 article.
This information can be wuseful in

understanding the areas of focus for the variables
related to educational and training programs. It
suggests that there is a significant body of research
in medical education and that this area may be
particularly well-developed in terms of studying the
effectiveness of educational and training programs.
Other domains, such as engineering, also appear to
have a considerable amount of research in this area.
Additionally, it may be important to consider the
domain of focus when interpreting findings and
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generalizing results, as different domains such as
using AR application in teaching and learning
Information technology, arts, computer engineering
and many other academic domains that may have
unique characteristics or challenges that affect the
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Figure 8: Academic domain

effectiveness of educational and training programs.
2.7.7 data collection method

Based on the data collection methods, it
seems that most studies used pre and post tests,
questionnaires, and surveys to evaluate the
effectiveness, efficiency, and satisfaction of the
experimental interventions. Future studies could
consider using more objective measures such as
practical tests or recordings of task completion times

to supplement the subjective data collected through
questionnaires and surveys. See Figure 9.

It's also worth noting that some studies
included interviews or qualitative data collection
methods to gather more in-depth information on the
experiences and perspectives of the participants.
This could be a valuable addition to future studies as
it can provide a deeper understanding of the impact
of the intervention on the participants.

Overall, it's important for future studies to
use a combination of both subjective and objective
data collection methods to ensure a comprehensive
evaluation of the effectiveness of the interventions.

The experimental group consistently
outperformed the control group in terms of academic
performance, knowledge/skill acquisition,
motivation, satisfaction, and attitude toward
technology, according to the articles included in the
systematic literature review. Particularly, it has been
demonstrated that using mobile apps and AR
technology effectively increases student engagement
and learning outcomes. Students typically view
technology use in the classroom favorably and find
it simple to use and learn from. Additionally, the use
of AR technology appears to benefit the
development of language/vocabulary, lab skills, and
spatial cognition. Overall, the results imply that
using technology in the classroom can improve
motivation and learning among students.

2.7.8 discussion of results

Pre and post test

Motivation survey

Post practical test

Post questionnair for knowledge and skills

academic achievement test (post test)
oral survey

Pre and post questionnaire for attitud
Interview

course assesment
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Figure 9: Data collection method
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The SLR articles under discussion here use
experimental and quasi-experimental research
designs to compare at least two groups—one using
conventional teaching and learning methods and the
other using an AR application—in order to examine
the efficacy of AR applications in higher education,
in this section all the presented results will be
discussed and the key findings of the study will be
described in detail.

AR has been discovered to be especially
helpful in the engineering and health sectors. While
Kwiatek et al. [19] discovered that AR can
significantly speed up pipe spool assembly
compared to traditional methods, Bork et al. [17] and
Ali et al. [21] noted that AR applications can help
students better understand complex 3D structures
that are challenging to represent in real or fake
models. Additionally, AR applications have been
reported to improve students' laboratory skills by
Akcayir et al. [24], Kurt & OZtiirk [14], and
Mladenovic et al. [18]. In their 2016 study on the
impact of AR on cognitive load, Kiigiik et al. [23]
discovered that the group using AR had higher
achievement and less cognitive load. In addition,
several studies (Gutiérrez & Fernandez,[26]; Lee et
al., [27]) noted the learners' positive attitudes toward
the use of AR in learning and teaching, as well as
their increased engagement and motivation. Overall,
the majority of studies discovered that experimental
students who wused augmented reality (AR)
applications outperformed their peers who used
conventional teaching and learning techniques.
Positive effects on students' knowledge and skill
levels have been reported by Christopoulos et al.
[10], Nordin, Nordin, & Omar [11], Kurt & ztiirk
[14], and Martin-Gutierrez [28]. Only Herbert et al.'s
study from 2021 [12] found no significant
distinctions between experimental and control
groups in terms of learning, but the results show that
students preferred the AR app.

It is clear from the results that the field of using
augmented reality technologies in higher education
has developed significantly in the last five years, and
this may be due to the rapid development of
augmented reality technologies that have become
used in many domains. However, there is still a lack
of studies, and there is an urgent need for more
studies that are concerned with studying the use of
augmented reality technologies and their
effectiveness.

With regard to the locations of implementation of
these studies, the results indicate that most of the
studies were conducted in developed countries, and

this can be due to their possession of a distinguished
technological infrastructure that helps them in
employing augmented reality technologies without
any major obstacles. On the other hand, there is a
scarcity of studies in developing countries that need
to develop their technological infrastructure, pay
more attention to improving the technological reality
there, and try to benefit from modern technologies in
education and other fields.

The results also indicate that there are no clear and
specific criteria related to the used samples and their
characteristics, as well as the duration of conducting
such studies which ranged between one day to 4
months. Therefore, it is worth noting that the results
of some of these studies are not strong, cannot be
relied upon and that there is a need for more studies
that would create new, clear and specific criteria that
help in reaching to more coherent and powerful
results.

With regard to the adopted variables in these studies,
the results showed that most of the included studies
focused largely on one variable, which is the
“effectiveness” of wusing augmented reality
technologies. This can be explained by the fact that
the issue of employing these technologies is still in
the beginning and needs further exploration. Also,
variables such as motivation, academic achievement,
participant satisfaction, and increasing knowledge
and skills came in the second level in terms of
importance. Based on this, it is clear that there is a
tendency towards the augmented reality in
developing the educational process and its key
participants. However, this study did not find a
single, complete and comprehensive study that deals
with the variables in a more focused manner to
clarify or explain the meanings and uses of these
variables, or even attempts to classify them based on
specific and well-known criteria.

For the academic domains in which these studies
were implemented, most of the studies focused on
studying the use of augmented reality technologies
in the “health” domains such as medicine and
nursing, as well as engineering domain. While there
was no considered focus on other domains, which
indicates the importance of conducting more
research and studies in other domains that can
benefit from the technologies of augmented reality.

The real contribution of this study is that it did not
address the issue of using augmented reality
technologies from a specific angle or in a specific
domain, like the rest of the previous studies, the
systematic review conducted by Lee [29] focused on
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augmented reality in education and training,
Similarly Sirakaya and Alsancak Sirakaya [30] study
focused on augmented reality in STEM (Science,
Technology, Engineering and Mathematic)
education, encompassing schools and higher
education. In the same way Akcayir and Akgayir
[31] study concerning the utilization of augmented
reality (AR) in educational environments with
considering various factors, including publication
year, learner type (e.g., K-12, higher education, and
adult), AR technologies employed, as well as the
benefits and challenges associated with using AR in
educational settings. Tang et al., [32] explored the
application of augmented reality in medical
education, focusing exclusively on this specific
domain. but this study tried to draw a complete
picture of the reality of scientific research related to
augmented reality technologies in higher education.
The expected next step is to build on the results of
this study and explore more research areas, such as:
conducting studies on augmented reality in
developing countries, studies that focus on
employing new methods and methodologies in
research, studies that focus on exploring and testing
relevant variables using Augmented reality, studies
in new environments and contexts other than those
presented in this study, and more.

3.0 FUTURE WORK

The aim of this study was to explore the use
of augmented reality technologies in higher
education. Based on the obtained results of the study,
it was found that there are several research areas that
need more research studies in the future. Among
these research areas are the following:

1. Focus on developing countries: Conducting
studies on augmented reality in higher
education, particularly in regions with
limited research representation.

2. Focus on studying other subjects:
Exploring the integration of augmented
reality in teaching other subjects.

3. The influence of demographic variables on
augmented reality: Studying the impact of
culture, gender, age and other demographic
variables on using AR.

4.0 LIMITATIONS OF THE REVIEW

Although this study relied on more than one
researcher to be more reliable and robust, there were
some limitations appeared which might have
affected the activities of this study and its results.

The major limitations of this SLR are bias in the
selection of articles and inaccuracy while extracting
data from the articles.

To ensure that the process of selecting articles is not
biased, a protocol was established based on some
research questions to organize the review in general
and the process of selecting articles in particular
from the beginning of the study. The research
questions guide the researchers during the
keywords’ construction, selection process and even
during the data extraction. However, it is essential to
recognize that the augmented reality terms are not
standardized and that they can be both discipline-
and language-specific. Therefore, due to our choice
of keywords and search statements, there is a
probability that some relevant studies were omitted.
Furthermore, since our focus was on experimental
research, we excluded °‘‘theoretical” papers and
papers that were based merely on author opinion. If
the SLR had included these papers, the current study
could, in principle, have provided more data. In that
case, it might have been more likely to have more
general conclusions and findings. In addition, to
avoid unbiased in the selection of articles, the
selection process was carried out through several
stages, with the participation of two researchers, and
through several discussion sessions, as described in
section (2.5) and suggested by many researchers.

During the data extraction process, we found that
there were some articles that lacked details, such as:
the clarity of objectives, utilized research methods,
nature of sample and its size, ambiguity of the tested
variables, and others. As a result, all data from all the
20 primary studies were extracted by the three
authors in consensus meetings according to a
predefined extraction criteria. However, the data
extraction process faced obstacles related to the
quality of the included papers and the style of their
documentation. In addition, there is often a
significant amount of information missing in some
papers or not addressed in a proper detail. Therefore,
there is a low possibility that the data extraction
process may sometimes be inaccurate or lack of
some details.

5.0 CONCLUSION

In conclusion, the systematic literature
review has explored the use of Augmented Reality
(AR) applications in higher education, and the
impact of AR on student satisfaction, acceptance,
and achievement. The review has synthesized the
evidence from a number of studies, and has provided
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a comprehensive understanding of the use of AR in
higher education.

The findings of the review suggest that AR
technology has the potential to positively impact
student satisfaction, acceptance, and achievement in
higher education. The use of AR technology can
enhance the learning experience and increase student
engagement, leading to improved outcomes in
higher education.

However, the systematic literature review
has also highlighted some limitations and challenges
associated with the use of AR in higher education.
The quality of the studies included in the review can
vary greatly, and the selection of studies for
inclusion can be subject to bias. Additionally, the
findings from the review may not be generalizable to
other populations or settings, as the studies included
in the review may be limited to a specific population
or geographical location.

Despite these limitations, the systematic
literature review provides valuable insights into the
use of AR in higher education, and the impact of AR
on student satisfaction, acceptance, and
achievement. The review highlights the potential
benefits of AR technology for higher education, and
provides a foundation for future research on this
topic.
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