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Higher education is evolving with innovations aimed at enhancing the
quality of learning, and one prominent innovation is the integration of
augmented reality (AR) technology into the learning process. AR merges
real-world and virtual elements in real-time, creating interactive and
immersive educational experiences. This technology supports the display
and interaction with virtual objects, enhancing engagement and
comprehension among students. However, effective integration of AR in
higher education faces challenges such as limited technological
infrastructure, the need for skilled lecturers, and the adaptation of teaching
methods to suit generation Z's learning preferences. Despite their
technological proficiency, many educational institutions struggle to
optimally implement innovations like AR. This systematic literature review
aims to explore and identify an AR-based learning model suitable for
generation Z in higher education. Findings suggest that AR technology can
significantly enhance learning by offering engaging visualizations and
interactive experiences, aligning well with generation Z's characteristics and
learning styles. Effective AR implementation requires suitable platforms,
such as mobile, desktop, wearable, and projection platforms, each offering
unique benefits. By designing AR learning models that cater to generation Z,
educational institutions can improve learning outcomes and experiences.
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1. INTRODUCTION

Higher education has undergone a variety of changes and innovations, particularly in efforts to
improve the quality of learning. One innovation that is increasingly receiving attention is the use of
augmented reality (AR) technology in the learning process [1]. AR is a technology that combines real-world
elements with virtual elements in real-time, thereby creating an interactive and captivating learning
experience [2]. This technology allows the display and direct interaction of virtual objects like text, images,
videos, or three-dimensional (3D) models with the user's physical environment [3]. This creates a learning
experience that is not only more interactive and engaging but also more immersive, as students can see, hear,
and even interact with educational content in a real-world context [4].

However, despite its potential, the integration of AR into higher education still faces significant
challenges. One major issue is how to effectively incorporate this advanced technology into the curriculum,
given obstacles such as limited technological infrastructure, the need for specialized lecturers, and the
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adaptation of teaching methods to fit the learning characteristics of Gen Z [5]. The willingness of educational
institutions to adopt AR and the ability to overcome these obstacles will greatly determine the success of
using AR in improving the quality of learning [6].

Born between 1995 and 2010, generation Z or Gen Z has a deep familiarity with digital technology.
The learning process in higher education presents a number of primary challenges for Gen Z, including issues
with learning engagement and motivation, a preference for interactive and visual learning, the need for
technology skills and adaptability to change, the need to balance online and face-to-face learning, and
concerns about academic pressure and mental health [7]. Another characteristic of Gen Z is that they tend to
require interactive and relevant learning methods to maintain motivation. Despite being proficient in using
technology, not all educational institutions are able to utilize it optimally, and adaptation to new innovations
such as AR still faces obstacles [8]. Gen Z's learning style is unique in that they prefer interactive, visual, and
technology-based learning methods. As a result, the use of AR technology in higher education has become
relevant and has the potential to meet the learning needs of this generation [9].

Despite the growing body of research on AR in education, several gaps remain in the existing
literature. Most studies have focused on the general benefits of AR without specifically investigating its
effectiveness for Gen Z students in higher education [10]. While prior research has examined AR-based
learning applications, few studies have developed structured and comprehensive AR learning models tailored
to Gen Z’s unique learning characteristics, which emphasize engagement, interactivity, and digital integration [8].
Although research has explored AR’s impact on student engagement and motivation, limited empirical
studies have analyzed its effect on cognitive learning outcomes and skill development in higher education
settings [11]. Specifically, the role of AR in fostering problem-solving skills, critical thinking, and
knowledge retention in Gen Z students remains underexplored.

Prior studies have primarily addressed technical and infrastructural challenges, but there is a lack of
research analyzing the readiness of lecturers and institutions in integrating AR into their curriculum [6].
Questions regarding pedagogical adaptation, faculty training, and institutional strategies for AR adoption are
still open for investigation. While AR has been widely studied, research on its application across other
disciplines in higher education remains limited [12]. Further studies are needed to determine how AR-based
learning models can be adapted to various academic fields and effectively implemented to support different
learning objectives. The aim of this systematic literature review (SLR) study is to explore and determine a
learning model using AR that is suitable for Gen Z in higher education. It is hoped that this research can
significantly enhance the quality of learning and offer practical advice to educational institutions on how to
effectively implement AR technology.

2. METHOD

The researchers performed a SLR in this investigation. In this review, the preferred reporting items
for systematic reviews and meta-analyses (PRISMA) statement and flow diagram were utilized to facilitate
the synthesis of pertinent journal articles. Generally, the process of SLR has three main stages: planning the
review, identification, screening, eligibility, and data abstraction, and analysis [13]. These steps had an
impact on the methodology used to perform this evaluation and describe the approaches used for data
collecting.

2.1. Planning the review

In this section, the author collects a collection of research papers from the Scopus, PubMed, and
Web of Science (WoS) databases. Therefore, the author deliberately chose to explore AR learning among
Gen Z, especially within the framework of the third level learning model. Appropriate keywords extracted
from the title to carry out the review include learning models, AR, Gen Z, and higher education. Next, those
keywords are combined using the logical operators "OR" and "AND" to create a search string. This search
string is used as a literature search strategy at the definition stage [14]. Table 1 presents the methodology
used to conduct the literature search.

The keyword strings and combinations using the PRISMA statement, the next step in this phase is to
keep looking for pertinent publications. By compiling pre-existing data from scholarly papers, this step
improves the data collection tools [15]. Identification, screening, eligibility, and inclusion are the four phases
of the PRISMA selection process [16].

2.2. ldentification

The identification stage begins by looking for relevant articles to review. A search was conducted on
Scopus, PUbMED, and WoS using the keywords listed in Table 1, specifically “learning model™ or "learning
methods,” "augmented reality" or "AR," "generation Z" or "Gen Z," and "higher education™ or "education".
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The search for this topic yielded 609 results from Scopus, 79 from PubMED, and 27 from WoS [17]. On June
12, 2024, the last search was conducted, and a total of 715 results were filtered. Figure 1 displays the
PRISMA protocol flow.

Table 1. Literature search strategy

Keyword The word strings and their combinations
Learning model (“Learning model” OR “learning methods”) AND
AR (“Augmented reality” OR “AR”’) AND
GenZ (“Generation Z” OR “Gen Z””) AND
Higher education (“Higher education” OR “education”)
= Record identify through Record identify through Record identify through
-% Scopus searching PubMED searching WoS searching
1=
= (n = 609) (0 =79) =27
g
=
=
Records excluded
Records after screened Follow the eriterion;
removed book chapter.
= = T =2
» Scopus (n=331), PubMED (n=67), WoS(n=21) article book, conference
g (n=419) proceeding, published in
& between 2019 and 2023
-
=)
@ (= 296)
Duplicate record removed
(n=371)
Full text excluded due to
irrelevant tittle, abstract
reading, tells about
Augmented Reality or
E\ Anticle access for eligibility other tf)plcs. not in
= learning model,
g’ (n=153) generation Z and higher
H education
(n=218)
= Studies included in qualitative analysis
<
= (n=63)
|

Figure 1. Diagram of the PRISMA flow used in the article selection procedure

2.3. Screening

Sorting data based on article title, year of publication, document type, language, and article
accessibility completes the filtering stage. The topic, specifically learning models using AR for Gen Z in
higher education, must align with the title of the article. The publication year between 2019 and 2024 to
gather relevant and up-to-date studies. The selected document type is only for original research published in
scientific journals. Trade journals, magazines, books, newspapers, and conference papers were excluded [18].
The language was set to English to standardize the research, and accessibility was restricted to full-text
articles with free access only. The screening process yielded 296 articles unrelated to the research under
investigation. In the next stage, eliminate duplication between identification results [19]. A total of 371
duplicate results from other journal database sources were found in the list of search results.

Systematic literature review of learning model using augmented reality for ... (Zulfachmi)



1112 O3 ISSN: 2502-4752

Table 2. Inclusion and exclusion criteria

Requirement Included Exclude
Title and substance of ~ Appropriate title that complied with the study's  Irrelevant title and failed to comply with the
the article requirements study's requirements
The publication year Publications between 2019 and 2024 Publications outside of the designated range
Kind of publication Only original research and journal article Editorials, reviews, and research that lack
format empirical data
Language English Others
2.4. Eligibility

This stage requires the collaboration of all authors to manually verify the information based on the
paper abstract. To optimize efficiency and assure comprehensive coverage of our review requirements, the
papers were distributed equitably among the authors [20]. Titles that are pertinent, correlated with the subject
matter, and appropriate for our intended sample are sought. Subsequently, other criteria that failed to satisfy
our review standards were established, including titles that were not pertinent, studies that concentrated on
virtual reality instead of AR, research that was unconnected to higher education and learning models, and
other factors [21]. During this stage, a total of 153 papers met the criteria for being included in review, as
indicated in Figure 1.

2.5. Data abstraction and analysis

Total of 63 studies to include in the previous stage of this systematic literature review, based on our
specific criteria for inclusion. These selections are detailed in Table 2. The validity and reliability of studies
are contingent upon the calibre of the articles and the rigour of the review techniques. The incorporation
criteria and the stringent framework of the PRISMA protocol enhance the quality and dependability of the
data, hence mitigating the potential for bias [22]. These specific publications were examined to determine the
comprehension of AR, its benefits and drawbacks in the context of education, and to aid authors in analyzing
research inquiries for discoveries in the reporting section [23]. This study employs meta-analysis techniques
to examine research findings. The meta-analysis approach involves the synthesis and examination of data
from multiple studies that have been undertaken on related research issues [24]. Pertinent findings and data
from prior studies were compiled to finalize the literature review. Primarily, the acquired data or findings will
be utilized to address research inquiries. This review aims to synthesize and integrate information from
multiple studies, with the goal of enhancing earlier research. In addition, thematic analysis, a recognized
approach for discerning patterns or themes in qualitative data, was utilized [25]. Data were extracted from
previously conducted investigations, resulting in a total of 63 articles.

3. RESULTS AND DISCUSSION
3.1. Result

The findings in this section were organized by different years, distinct database sources, and the
research designs and subjects that motivated our review and analysis, using a systematic review approach [26].
According to the total number of learning model analysis studies employing AR for Gen Z in higher
education published between 2019 and 2024 [27]. The following subsections provide responses to the
specified research topics. This section presents the analysis of the data extracted from the studies in
accordance with the three defined research questions.

3.1.1. RQ1: what are the characteristics of Gen Z students?

Gen Z students who were born in the mid-1990s to the early 2010s have different characteristics
from previous generations. They are digital natives, raised in an era of the internet and advanced technology
that defines almost every aspect of their lives [28]. These young people are adept at using smartphones and
social media to socialize, find information and learn [29]. Due to being used to fast and immediate
information, Gen Z tend to have short attention spans and prefer visual and interactive content. From an
educational perspective, flexible and interactive learning methods, such as e-learning and blended learning,
are preferred over conventional methods by them [30].

In addition, Gen Z has a high social and environmental awareness, often carrying out activities
related to sustainability and social justice [31]. Gen Z also known as a more open and inclusive generation,
and have an attitude that is more accepting of diversity. Gen Z students typically seek a balance between
academic and personal life and place a high value on mental health and emotional well-being [32].
Collaborative in nature, they often work in teams and prioritize collaboration and extensive networking to
achieve their goals [33]. Researchers identified several ways to explore the characteristics of Gen Z students,
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as presented in Table 3. Based on the review results from Table 3, there are characteristics of Gen Z, which

are presented in Figure 2.

Table 3. Characteristics of Gen Z students

Authors

Statement

Abstraction

Dhinakaran et al. [29]

Khalid et al. [31]

Hegade and Shettar
[32]

Yu and Suny [30]

Etheredge and
Waliczek [5]

Gen Z exhibits pragmatic, self-reliant, and
global perspective as agents of change, along
with a strong emphasis on health
consciousness. These attributes signify notable
shifts in student conduct when compared to
earlier generations, resulting in the emergence
of a generation gap. These modifications
highlight the necessity for adaptations in
educational methodologies and
intergenerational engagements to cater to the
distinct requirements of Gen Z.

Gen Z has unique characteristics. The age
difference between educators or instructors and
Gen Z students can sometimes cause
misunderstandings and easily make the
students stressed.

Gen Z has early exposure to the internet,
possesses a high level of technological
proficiency, and maintains a harmonious
presence on both social media platforms and
traditional media. Gen Z pupils necessitate an
educational strategy that prioritizes conceptual
design and motivation rather than a
straightforward delivery of lessons.

Gen Z students exhibit a preference for online
communication, adaptable timetables,
multimedia materials, and diverse applications.
Nevertheless, students from Gen Z are
increasingly requesting increased opportunities
for immediate and interactive engagement with
both their teachers and fellow students.

Gen Z students have been acquainted with
technological advancements such as the
internet, cellphones, personal computers, and
laptops from an early age, which has made
them highly adept at using technology and
proficient in multitasking. | have a preference
for blended learning.

Gen Z is realistic, independent, global-minded,
change-makers, and health-conscious, which
completely changes student behavior and
creates a generation gap.

Gen Z students are more likely to get stressed
easily if their teachers are quite far apart in
age.

Gen Z students are more comfortable using
technology and visuals than conventional
learning.

Gen Z students prefer online communication
and use various multimedia applications for
learning.

Gen Z students have multitasking
characteristics and like hybrid learning models

Characteristics of Gen Z Students

01. Redlistic

02. Independent

03. Global Minded

Gen Z

05.

Online
Communication

06. Easy to Stress

Figure 2. Characteristics of Gen Z students
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3.1.2. RQ 2: how does the learning model using AR in higher education relate to Gen Z students?

AR technology has opened up new opportunities in the world of education, especially in higher
education [34]. By utilizing AR, students can see three-dimensional visualizations of concepts that are
difficult to understand only through text or static images [35]. In addition, AR supports rapid and flexible
learning, in line with Gen Z's need for flexibility in learning, as well as increasing collaboration and
communication through virtual environments that support teamwork and joint problem solving [36].
Systematic analysis was carried out on sixty-three (63) selected articles, which resulted in six learning
models using AR, namely game-based learning (n=17), collaborative learning (n=12), visual learning (n=21),
interactive learning (n=9), contextual learning (n=2), and remote learning (n=2). AR learning models for
higher education are presented in Figure 3.

The findings of this study align with existing research on AR in game-based learning, which
emphasizes its effectiveness in enhancing students' active participation and understanding of complex
concepts through interactive simulations [37]. Similar to previous studies, the implementation of game
elements in AR-based learning is observed to significantly increase students' motivation and interest in
learning [38]. Furthermore, collaborative learning in an immersive virtual environment has been shown to
improve communication and teamwork skills, supporting the findings by Cabero-Almenara et al. [39]. The
ability of AR to facilitate joint visualization and collaborative problem-solving is consistent with the
visualization learning model proposed by Neffati et al. [40], which highlights the benefits of three-
dimensional and interactive displays in strengthening students’ understanding of complex materials. This
aligns with research by Halim et al. [41], which demonstrates that virtual object manipulation enhances
retention and comprehension.

The preference for interactive learning models in higher education as research by Marks and
Thomas [42], supports the observation that AR-based learning fosters active student engagement with the
subject matter. Additionally, AR enables direct interaction with virtual objects, allowing students to test
hypotheses and conduct experiments that may not be feasible in a real-world setting, as noted by
Sanderasagran et al. [43]. Despite the limited number of studies, the potential of contextual learning models
for bridging theoretical knowledge with real-world practice is evident, confirming the conclusions drawn by
Chanjaradwichai et al. [44]. The ability of AR to immerse students in realistic virtual experiences is also in
line with findings by Kamarudin et al. [45], which emphasize its role in deepening contextual understanding.
Lastly, the implementation of remote learning as discussed by Gupta et al. [46], aligns with the growing trend
of using technology to enhance accessibility and flexibility in education. Although research in this area
remains limited, findings suggest that remote learning serves as an effective solution for overcoming
geographical barriers.

Most Used Learning Models in Augmented Reality

Remote Learning [l 2
Contextual Learning [l 2
Interactive Learning | NN °
Visual Learning [ R 1
Collaborative Learning [ NN 1>
Game Based Learning [N |/

0 5 10 15 20 25

Learning Methods

Number of Respondents

Figure 3. Type of learning using AR

3.1.3. RQ 3: what type of platform is most widely used to support learning models using AR?

The results of this study align with existing research on the use of various tools and platforms in
supporting AR-based learning models. Similar to findings by Martin et al. [47], this study confirms that both
hardware and software play a crucial role in AR implementation. The categorization of AR applications
based on device type, as discussed by Lu at al. [48] is also reflected in this study, which highlights the
prevalence of mobile-based AR (n=45) solutions, followed by wearable devices (n=10), desktops (n=7), and
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projection-based AR (n=1). These variations in AR technology align with the findings of Suryani et al. [49],
who emphasize that each device type has distinct advantages and limitations, making them suitable for
specific learning contexts and user needs. Furthermore, the study supports the conclusions of Eldokhny and
Drwish [50], demonstrating that a combination of multiple AR platforms enhances the effectiveness of
learning models. The integration of these platforms not only improves interactivity but also ensures a more
engaging and practical learning experience for students. These findings reinforce the growing recognition
that AR, when implemented strategically across different devices, can significantly enhance educational
outcomes. From the results of the systematic analysis of the platforms most widely used as learning media
using AR can be seen in Figure 4.

Projection I 1

Wearable - 10
Mobile [ -5
Desktop - 7

0 10 20 30 40 50

AR Learning Device in
Higher Education

Number of Respondents

Figure 4. AR learning platform in higher education

3.2. Discussion

Gen Z students, characterized by their realism, independence, global insight, changemaking
abilities, online communication skills, technological proficiency, and health consciousness, demonstrate a
strong correlation with AR-based learning models in higher education [31]. Given these unique traits, AR
presents a significant opportunity to enhance their learning experiences [32]. Specifically, game-based
learning, which incorporates game elements to boost engagement and motivation, aligns well with Gen Z’s
digital familiarity and affinity for interactive experiences [51]. Beyond engagement, AR also fosters
collaborative learning, allowing students to work together in immersive virtual environments, thereby
strengthening their social and teamwork skills in line with their global mindset and preference for online
communication [52].

Building on this, AR’s ability to deliver vivid and immersive visualizations enhances
comprehension of complex concepts, making it particularly beneficial for students with a practical mindset
and strong technological adaptability [53], [54]. The interactive nature of AR further facilitates direct
engagement with learning materials, improving both student involvement and conceptual understanding [55].
Additionally, AR supports contextual learning by integrating educational content into real-world settings,
reinforcing its significance and practical applications, which is especially advantageous for students with a
global perspective and a passion for creating change [56], [57].

In the context of remote learning, AR has the potential to create more immersive and interactive
experiences, addressing some of the limitations of conventional distance education while catering to Gen Z’s
independent nature and digital communication skills [58]. Furthermore, the engaging and dynamic nature of
AR can help mitigate student stress, making learning more enjoyable and in line with the generation’s
tendency to experience high stress levels [59]. By recognizing this alignment, higher education institutions
can develop AR-based learning models that cater to Gen Z’s specific needs, ultimately improving their
overall learning experience [60].

Despite these advantages, several challenges must be addressed to optimize the effectiveness of AR-
based learning. Accessibility and affordability remain key concerns, as high-performance AR devices such as
headsets and smart glasses may not be widely available to all students [61]. Additionally, successful
integration of AR into academic curricula requires educators to develop new teaching strategies, which may
be hindered by a lack of technical expertise [62]. Another challenge is cognitive overload while AR enhances
engagement, excessive interactivity could overwhelm students and hinder learning rather than support it [53].
Furthermore, the long-term impact of AR-based learning on knowledge retention and student adaptability
remains an area that requires further exploration. Future research should focus on developing adaptive AR
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learning models that accommodate different learning styles while also providing comprehensive training for
educators to facilitate effective implementation.

To ensure smooth and effective adoption, choosing the right AR platform is essential [62]. Mobile
platforms are the most widely used due to their accessibility and flexibility [61], [63], yet desktops,
wearables, and projection-based AR each contribute to different aspects of the learning experience [64].
Mobile AR, accessible through smartphones and tablets, is the most popular due to its portability and
compatibility with various educational applications such as Google Expeditions and AR Flashcards [40], [65].
Meanwhile, desktop-based AR applications, which require high computing power and large screen displays,
are commonly developed using tools like Unity3D and Vuforia [66]. Wearable devices, such as Microsoft
HoloLens, Google Glass, and Magic Leap, provide highly immersive experiences by projecting 3D content
directly into the user’s field of view, facilitating hands-on interactive learning [67].

Additionally, projection-based AR, which uses projectors to display AR elements onto physical
surfaces, is particularly useful for classroom demonstrations and laboratory experiments [68]. Although
mobile AR is the most widely used due to its flexibility, each platform whether desktop, wearable, or
projection-based plays an important role depending on the educational context. However, despite the
advantages of these platforms, challenges such as internet connectivity issues, device compatibility, and user
adaptability must be addressed to ensure AR’s successful implementation in remote learning environments [58].
While AR can enhance learning engagement and reduce stress, its potential drawbacks, including screen
fatigue and digital dependency, require further investigation [59].

Future research should explore hybrid learning models that integrate AR with traditional face-to-
face instruction to maximize learning outcomes. Additionally, further studies are needed to assess the
effectiveness of different AR platforms mobile, desktop, wearable, and projection in enhancing student
engagement and comprehension. By addressing these challenges, AR can be more effectively integrated into
higher education, providing Gen Z students with an innovative, engaging, and sustainable learning
experience that aligns with their unique characteristics and learning preferences.

4. CONCLUSION

AR presents a promising approach to enhancing learning experiences for Gen Z students in higher
education. Given their digital proficiency, preference for interactive learning, and global mindset, AR-based
learning models align well with their needs by fostering engagement, collaboration, and comprehension. The
immersive nature of AR enables students to visualize complex concepts, work together in virtual
environments, and integrate learning into real-world contexts, ultimately improving motivation and
knowledge retention. However, despite its advantages, the adoption of AR in higher education faces
challenges such as accessibility, affordability, educator training, and cognitive overload. Ensuring the
successful implementation of AR requires careful selection of platforms, whether mobile, desktop, wearable,
or projection-based, each contributing uniquely to the learning process. Additionally, concerns related to
internet connectivity, device compatibility, and screen fatigue must be addressed to optimize AR’s
effectiveness in remote learning.

Future research should focus on developing adaptive AR learning models that accommodate diverse
learning styles while integrating AR with traditional instructional methods. By addressing these challenges
and refining AR-based approaches, higher education institutions can create an engaging, effective, and
sustainable learning environment that meets the needs of Gen Z students and prepares them for the future.
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