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Abstract: This study reviews the effectiveness of Augmented Reality (AR) and Virtual
Reality (VR) in chemistry education, with a focus on conceptual understanding and
student engagement. The study used a literature review approach. Data were collected
by reviewing articles on Augmented Reality (AR) and Virtual reality (VR). The
literatures used in this study is based on secondary data, specifically research articles
from scientific journals and conference proceedings. The selected articles were limited
to those published between 2025 and 2026. A total of 12 national and international
journal articles were analyzed, gathered using the Publish or Perish 8 application and
sourced through Google Scholar. The analysis indicates that Augmented Reality (AR)
and Virtual Reality (VR) offer strong potential to improve both understanding and
engagement in chemistry learning. The findings reveal that AR and VR significantly
enhance students’ understanding of abstract chemistry concepts by providing
interactive three-dimensional visualizations of atomic structures, molecular geometry,
and chemical processes. These technologies enable students to explore complex
phenomena more effectively than conventional methods, resulting in improved
learning outcomes and a reduction in misconceptions.
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Introduction mainly on static, two-dimensional learning media (Wu
et al., 2001). Furthermore, Ningrum et al. (2026) argued
that application of learning medium play a significant
role in enhancing interest and understanding among

students regarding abstract chemistry concepts. The

Chemistry is often perceived as a challenging
subject due to its abstract nature and the need to
understand phenomena that cannot be directly

observed. Concepts such as atomic structure, molecular
geometry, and chemical reactions require strong
visualization skills, which many students struggle to
develop through conventional teaching methods. This
limitation often leads to difficulties in understanding the
relationships between macroscopic, microscopic, and
symbolic representations (Jaber & BouJaoude, 2012).
Recent studies indicate that students continue to face
considerable difficulties in linking complex chemical
representations, especially when instruction relies
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effectiveness of instructional media is expected to be
even greater when the media developed are visually
appealing and creativity designed (Nahadi et al., 2025).
As aresult, learning outcomes are often suboptimal, and
misconceptions frequently occur. The study found that
the majority of students experienced misconceptions in
chemistry because of incorrect prior conceptions and the
abstract characteristics of the learning material (Shiddiqi
et al., 2024). Damsi & Suyanto (2023) mentioned that
students' misconceptions in chemistry are primarily
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caused by internal cognitive factors, particularly the
mismatch between their pre-existing conceptions and
the scientifically accepted concepts presented during
instruction. To minimize misconceptions, Yovanie
(2024) recommended to apply learning medium, as its
interactive learning environment helps students
visualize abstract chemical concepts more accurately
and promotes meaningful conceptual understanding.

The rapid development of digital technology offers
new opportunities to address these challenges. The
integration of innovative technologies into education
has become increasingly important. Augmented Reality
(AR) and Virtual Reality (VR) are among the emerging
tools that have gained attention for their potential to
transform science learning (Zhao et al., 2023). These
technologies enable the visualization of abstract
concepts in interactive three-dimensional environments,
allowing students to engage more actively with the
learning material. Recent meta-analyses indicate that the
use of AR and VR in education consistently enhances
student motivation, engagement, conceptual
understanding, and cognitive skills (Chang et al., 2022).

Previous studies have shown that AR and VR can
enhance both conceptual understanding and student
engagement mainly in abstract concept in chemistry
education (Trinova & Parni, 2026). Students are able to
explore complex chemical phenomena more clearly,
which leads to improved comprehension and reduced
misconceptions. In addition, the interactive feature of
these technologies can increase motivation and
participation in the learning process. Despite these
advantages, the implementation of AR and VR in
education still faces several challenges, including
limited access, high costs, and lack of teacher readiness
(Wu at al., 2001). With a structured and planned
approach, AR and VR can become catalysts for
transforming chemistry learning in an effective and
sustainable way. Moreover, their effectiveness largely
depends on how well they are integrated into the
curriculum and aligned with instructional objectives
(Krajcik et al., 2008). Without careful planning, the use of
AR/VR may remain a mere novelty that does not
significantly impact student learning outcomes.

Despite the growing body of literature, there
remains a lack of comprehensive reviews that synthesize
recent evidence on both AR and VR specifically within
chemistry education while simultaneously examining
their contributions to conceptual understanding,
student engagement, and the pedagogical factors that
determine successful implementation. Most previous
reviews either investigate AR or VR separately,
emphasize technological development, or evaluate
educational outcomes across multiple disciplines
without focusing on the distinctive conceptual
characteristics of chemistry.
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Therefore, this study fills this gap by providing an
updated literature review that integrates recent research
on both AR and VR in chemistry education. Unlike
previous reviews, this study not only evaluates the
effectiveness of applying technologies in improving
conceptual understanding and student engagement but
also identifies common instructional strategies,
implementation challenges, and pedagogical factors that
influence successful adoption. The findings are expected
to provide a comprehensive reference for educators,
curriculum developers, and researchers in designing
evidence-based chemistry learning environments that
effectively integrate involving technologies.

Therefore, this study aims to examine the
effectiveness of AR and VR in chemistry education
through a literature review. The focus is on analyzing
their impact on students’ conceptual understanding and
engagement, as well as identifying key factors that
influence their successful implementation. This is in line
with Kljun et al. (2020) who emphasized that the current
status, opportunities, and challenges of AR in education
largely depend on how the technology is pedagogically
integrated rather than on its mere availability. Similarly,
Rojas-Sanchez et al. (2023), Sa’adi et al. (2024), and Akbar
et al. (2024) through their bibliometric analysis,
confirmed that the effectiveness of VR and AR in
educational settings is consistently mediated by
instructional design factors.

Method

This current study employed a Literature Review
method, which involves analyzing and examining
scientific studies derived from various sources such as
research articles from scientific journals, research
reports, proceedings from national and international
seminars, and academic theses (Snyder, 2019). This
approach aims to generate conclusions that contribute to
the development of new theories or ideas (Ahmed et al.,
2025). The literatures used in this study is based on
secondary data. Secondary data refer to data that have
been previously collected and published by other
researchers, institutions, or organizations for purposes
other than the current study (LI et al., 2020). These data
are used to provide theoretical foundations, empirical
evidence, and contextual information for the research.
specifically research articles from scientific journals and
conference proceeding (Oztiirk et al., 2024). The selected
articles were limited to those published between 2025
and 2026.

The research articles used as data sources were
obtained through the Publish or Perish 8 application and
retrieved via Google Scholar. A total of 12 articles were
included in this study. The keywords used in the search
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and identification process were learning media,
augmented reality, virtual reality and teaching
chemistry. The articles analyzed in this study met
several inclusion criteria which are presented in Table 1.

Table 1. Inclusion criteria

Type Inclusion
Article Type Research articles
Publication Year 2025-2026

Source of Article National and International journals and
conference proceedings

Indexed journals and international
conference proceedings

Students (Junior High, Senior High, and

Higher Education levels)

Journal Status

Sample

1. Identification

34 literature from Scopus

2. Filtering !
A

28 literature with the year of
publication 2016-2021

v

25 literature published in
English

'

21 is literature that is
difficult through peer review

.

1 duplicate removed

A 4

5 articles were
excluded because
they were not related
to the study

20 abstracts were reviewed
for eligibility

3. Classification

A 4 articles were

excluded because
they were not
directly related to
the topic

15 full-text articles were
reviewed for eligibility [

4. inclusion

A 4

11 journal articles suitable
for review

Figure 1. Systematic review methodology for AR/ VR in
chemistry education

The article search using the Publish or Perish 8
application through Google Scholar initially identified
34 articles. During the data extraction stage, 14 articles
were excluded due to a high level of content similarity
with other articles. As a result, 20 articles remained for
the next stage of extraction. The following stage was the
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eligibility assessment. At this stage, 8 articles were
excluded because they did not meet the inclusion
criteria. Therefore, the final stage resulted in 12 articles
that were eligible and used as data sources in this study.

The systematic review process consisted of four
main steps: identification, filtering, classification, and
inclusion. In the identification phase, relevant literature
was initially searched and collected from a database to
form the primary pool of studies. Next, the filtering step
applied specific criteria such as publication year,
language, peer-review status, and duplicate removal to
narrow down the results. During the classification
phase, the remaining articles were further assessed by
reviewing their abstracts and full texts to determine their
relevance and eligibility for the study. Finally, the
inclusion step selected the articles that fully met all
criteria and were deemed suitable for the final review.
All the steps can be seen in Figure 1.

Result and Discussion

The findings of this literature review were obtained
through a process of examining, analyzing, and
synthesizing articles that passed the extraction stage
(Page et al., 2021; Phillips & Barker, 2021). The focus of
the analysis is on Augmented Reality and virtual reality
learning media in teaching chemistry. By synthesizing
evidence from empirical studies, this review identifies
various research trends, evaluates the educational
benefits and limitations of AR and VR, and highlights
future research directions for integrating technologies
into chemistry teaching and learning (Siddaway et al.,
2019; Gough et al,, 2017; Xiao & Watson, 2019). The
analysis was conducted by comparing the characteristics
of each study, including research objectives, educational
level, chemistry topics, research design, technological
features, and reported learning outcomes. In addition,
attention was given to similarities and differences
among the selected studies to identify the patterns
regarding the implementation of AR and VR in
chemistry education. The article data are presented in
Table 2.

The findings synthesized from the twelve studies
demonstrate a consistent trend that Augmented Reality
(AR) and Virtual Reality (VR) are effective educational
technologies for improving chemistry learning,
particularly in topics that require visualization of
abstract concepts (Ibafiez & Delgado-Kloos, 2018;
Akgayir & Akgayir, 2017). Across studies published in
2025-2026, AR and VR consistently outperformed
conventional instructional approaches by enhancing
students'’  conceptual = understanding, learning
achievement, engagement, and practical skills. This
finding is consistent with recent evidence reported by
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Raziana et al. (2025) where an Android-based virtual
chemistry laboratory (Chemvilative) significantly
improved students' conceptual understanding and post-
test achievement compared with conventional learning
by providing interactive visualizations and accessible

Table 2. Articles review
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virtual experiments. Merchant et al. (2014) reported that
virtual reality-based instruction significantly improves
students' learning outcomes compared with traditional
teaching, particularly when interactive simulations and
well-designed instructional strategies are employed.

é:;ror and Journal Research Title Research Findings
Neji et al. FNAS-JMSE  Effects of Virtual and The findings revealed that the use of Virtual Reality (VR) and
(2025) Augmented Reality Augmented Reality (AR) teaching strategies significantly improved
Teaching Strategies on students” understanding and academic achievement in chemistry

Students’ practical activities compared to conventional teaching methods. Students

Understanding of exposed to VR and AR obtained higher posttest scores. The integration of

Chemistry Practical these technologies also enhanced student participation and engagement

Activities during practical sessions. Therefore, VR and AR are effective

instructional strategies for improving students’ performance and

conceptual understanding in chemistry.

Dani & Journal of Developing The findings show that the developed Augmented Reality (AR) learning
Zambhari Educational Interactive media (AR-LAB) is highly valid and feasible for use in chemistry
(2025) Chemistry ~ Augmented Reality learning. Expert validation results reached 91.67% for both material and
(JEQ) Learning Media to media aspects, categorized as very good. Teacher assessment also

Introduce Chemistry  showed a high feasibility level of 93.60%. Student testing indicated very

Laboratory positive responses, with maximum scores in the very good category. The

Equipment in Senior AR-based application effectively introduces laboratory equipment

High School through interactive 3D visualization, making it easier, more engaging,

and accessible for students to understand chemistry laboratory tools.

Tania & JURNAL  Augmented Reality- The findings indicate that the developed augmented reality-based virtual
Sukarmin EDUSCIENC Based Virtual laboratory application is valid, practical, and effective for chemistry
(2025) E Laboratory learning. The validity results show a good category for both content and
Application as construct. Practicality is reflected in high student response (96%) and

Chemistry Learning  active participation (93.32%), categorized as outstanding. Effectiveness

Media for Acid-Base  testing shows a significant improvement in student learning outcomes,

Titration Material proven by differences between pretest and posttest scores. The

application enhances students” understanding through interactive and

visual learning, and serves as an alternative solution to limited laboratory

facilities.

Agussalim Arfak Chem: The Role of  The findings show that Augmented Reality (AR) consistently improves
(2025) Chemistry Augmented Reality in students’ conceptual understanding, higher-order thinking skills, and
Education Supporting Deep engagement in chemistry learning. AR supports multi-level chemical

Journal = Learning within the representations and facilitates deeper learning experiences. The study

Merdeka Curriculum: also reveals that AR aligns well with the principles of the Merdeka

A Systematic Curriculum, including project-based learning, authentic assessment, and

Literature Review in  differentiated instruction. Therefore, AR is identified as an effective and

Chemistry Education strategic innovation to promote deep and meaningful learning in

chemistry education. Further research is needed to explore its long-term

impact and integration with inquiry-based learning models.

Fadhilah & JIPK Development of The findings indicate that the developed Augmented Reality (AR)-based
Nasution Chemistry E-Modules chemistry e-module is highly feasible, valid, and practical for learning.
(2025) Based on Augmented Validation results from material experts (90.91%) and media experts
Reality Technology on  (92%) fall into the highly feasible category. Teacher responses (99%) and

Hydrocarbon Material student responses (91.34%) show strong positive acceptance. The AR-

based e-module effectively supports interactive and innovative learning,

helping students better understand abstract concepts, particularly

hydrocarbons, and has strong potential for wider classroom

implementation.

Jiaetal. Education Construction of The findings show that the implementation of Virtual Reality (VR) in
(2025) Insights ~ Application Mode of hazardous chemistry experiment teaching effectively reduces safety risks
Virtual Reality (VR)  and overcomes limitations in laboratory resources. The developed VR-
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Author and

Year Journal

Research Title

Research Findings

Technology in

Hazardous Chemistry
Experiment Teaching

Shertayeva et Journal of Methods of Utilizing
al. (2026) Technology Visualization and
and Science VR/AR Technologies

Education in the Development of

Chemistry Projects for

8th-Grade Students

Ghani (2026) Journal of

Integrating

Science and Augmented Reality in
Mathematics Chemistry Education:
Letters The Impact of the
Augmented Reality

Chemistry Student

Investigation (AR-

CSI) Module on

Content Knowledge

and 21st Century

Freitas et al. INTED2026

Skills
Project-Based

(2026) Proceedings Learning Applied to
the Development of

an Augmented Reality

Application for

Chemistry Teaching

Nguyen et al. Journal of  Exploring Pathways

(2026) Information

for Integrating

Technology Augmented Reality in
Education: ~Chemistry Teaching;:
Research Mediating TPACK

Framework for

Effective Instruction

Saman et al. ICoSCI 2026 Enhancing Secondary-

(2026) (IEEE Level Polymer
Conference)  Chemistry Learning

with Gamified

Augmented Reality:

Development and

Evaluation of

Gameful Experience

based teaching model, grounded in constructivism, situational cognition,
and embodied cognition theories, promotes active learning through
interactive virtual environments. It enhances students” experimental
skills, safety awareness, and engagement. Additionally, VR supports the
digital transformation of chemistry education and improves the overall
effectiveness of experimental learning.

The findings show that the integration of visualization, Virtual Reality
(VR), and Augmented Reality (AR) technologies has a strong positive
effect on students’ learning in chemistry. Students in the experimental
group demonstrated higher understanding and motivation compared to
those taught using traditional methods. The use of 3D visualization,
interactive media, and project-based learning enhances conceptual
understanding and supports the development of scientific thinking.
These technologies are effective in improving both learning outcomes
and student engagement in chemistry education.

The findings indicate that the integration of the Augmented Reality (AR)-
based AR-CSI module significantly improves students’ content
knowledge and 21st-century skills in chemistry learning. The use of AR
enhances students’ understanding of abstract concepts through
interactive visualization. It also promotes critical thinking, collaboration,
and problem-solving skills. Furthermore, AR-based learning increases
student engagement and supports more effective and meaningful
learning experiences in chemistry education.

The findings show that the integration of Project-Based Learning (PBL)
with an Augmented Reality (AR) application effectively improves
students” understanding of abstract chemistry concepts, particularly
molecular geometry and electronic clouds. The AR application enhances
visualization through interactive 3D models, increasing student
engagement and motivation. Teacher validation indicates clearer
conceptual understanding compared to traditional methods.
Additionally, the PBL approach supports the development of problem-
solving, autonomy, and technical skills. This combination proves
effective in creating meaningful and innovative learning experiences in
chemistry education.

The findings show that the integration of Augmented Reality (AR) in
chemistry teaching is strongly influenced by teachers” Technological
Pedagogical and Content Knowledge (TPACK). Pedagogical Content
Knowledge (PCK), Technological Content Knowledge (TCK), and
Technological Pedagogical Knowledge (TPK) significantly contribute to
TPACK, with TPK identified as the strongest predictor. The study reveals
that effective AR integration depends more on the interaction between
pedagogy and technology rather than technical skills alone. Therefore,
strengthening teachers’ pedagogical and integrative competencies is
essential for improving AR-based chemistry instruction.

The findings show that the developed gamified Augmented Reality (AR)
application (Poly-AR) effectively enhances students’ learning experience
in polymer chemistry. The application improves visualization of complex
molecular structures through interactive 3D models and increases
student engagement through gamification elements. Evaluation results
indicate high usability (mean score 4.60/5) and strong gameful
experience (mean score 5.78/7), reflecting efficiency, effectiveness, and
user satisfaction. The AR-based approach successfully addresses

and Usability difficulties in understanding abstract concepts and supports more

engaging and interactive chemistry learning.

Dalili et al. INTED2026 Designing for Spatial The findings show that the use of Virtual Reality (VR) (ChemVR)
(2026) Proceedings Understanding: A effectively supports students’ spatial understanding in organic
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Author and

Research Title
Year

Journal

Research Findings

Virtual Reality
Approach to
Undergraduate

chemistry, particularly in topics such as stereochemistry, chirality, and
molecular conformations. Students reported improved visualization of
3D structures, better understanding of complex concepts, and increased

Organic Chemistry interest compared to traditional methods. The VR experience was easy to
use, even for beginners, and feasible within standard learning time.
Overall, VR provides meaningful support for enhancing conceptual

understanding and engagement in organic chemistry learning,.

One of the most important findings is the
improvement in students' conceptual understanding
and academic achievement. Experimental studies by
Neji et al. (2025), Tania & Sukarmin (2025), Shertayeva et
al. (2026), Ghani (2026), Freitas et al. (2026), and Dalili et
al. (2026) consistently reported significant increases in
posttest scores after implementing AR- or VR-based
learning. These findings are also supported by
Dunnagan et al. (2020), Elford et al. (2022), Sari et al.
(2022), and Yamtinah et al. (2023), who demonstrated
that Augmented Reality media based on tetrahedral
chemical representations provides accurate three-
dimensional visualization of chemical concepts and
facilitates students' understanding of microscopic
structures that are difficult to interpret using
conventional learning resources. These improvements
can be explained by the ability of applying technologies
to visualize microscopic and three-dimensional
chemical phenomena that are difficult to represent using
conventional textbooks or two-dimensional images.
Interactive visualization enables learners to manipulate
molecular structures, observe particle interactions
dynamically, and establish meaningful connections
among macroscopic observations, submicroscopic
processes, and symbolic representations. Consequently,
AR and VR support the construction of more accurate
mental models while reducing cognitive barriers
associated with abstract chemistry concepts.

Another aspect is the enhancement of student
engagement and motivation. Most studies reported that
students showed greater interest, participation, and
enthusiasm during learning activities when AR or VR
was integrated into instruction. Neji et al. (2025)
observed higher participation during chemistry
practical activities, while Tania & Sukarmin (2025)
reported outstanding levels of student participation
(93.32%) and positive responses (96%). Similarly, Saman
etal. (2026) demonstrated that gamified AR significantly
enhanced students' learning experiences, supported by
high usability and gameful experience scores. These
findings are consistent with Wong et al. (2021) and
Whatoni & Sutrisno (2022), who found that the use of
Augmented Reality in higher education chemistry
significantly =~ increased  students'  enthusiasm,
satisfaction, and active participation while improving

their understanding of molecular structures through
interactive three-dimensional visualization.

Similarly, Guaya et al. (2023), Low et al. (2022),
Prasetya et al. (2024), and Silva et al. (2023) reported that
AR-based learning positively influenced students'
motivation across the four dimensions of Keller's ARCS
model, namely attention, relevance, confidence, and
satisfaction, indicating that the technologies support
both cognitive and affective aspects of learning. Dinther
et al. (2023) further argued that applying virtual reality
promotes meaningful chemistry learning by connecting
abstract chemical concepts with authentic contexts,
encouraging students to become more actively involved
in inquiry and exploration rather than passively
receiving information. These findings indicate that
learning environments encourage active participation
by transforming students from passive recipients of
information into active learners who interact directly
with virtual objects and simulations. Increased
engagement is particularly important because sustained
behavioral, emotional, and cognitive engagement
supports deeper processing of scientific concepts,
improves persistence in learning tasks, and ultimately
contributes to better academic achievement.

Conclusion

The reviewed studies indicate that Augmented
Reality (AR) and Virtual Reality (VR) are effective
instructional tools in chemistry education. These
technologies enhance students’ conceptual
understanding by transforming abstract concepts into
interactive and visual representations. Through AR and
VR, students can more clearly examine atomic
structures, molecular geometry, and chemical processes.
This enhanced visualization supports deeper
comprehension, resulting in improved learning
outcomes and a reduction in misconceptions. AR and VR
also increase student engagement. Students show higher
interest, participation, and motivation during learning
activities. Interactive features encourage active learning
and curiosity. As a result, students become more
involved in the learning process. This literature review
concludes that Augmented Reality (AR) and Virtual
Reality (VR) are effective and promising technologies for
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enhancing chemistry education, particularly in
improving students' conceptual understanding and
learning engagement. Based on the analysis of 12
national and international journal articles published
between 2025 and 2026, AR and VR provide three-
dimensional learning experiences that help students
visualize abstract chemistry concepts, such as atomic
structures, molecular geometry, and chemical processes,
more effectively than conventional teaching methods.
Augmented reality facilitates visualization of
microscopic chemical concept, enabling students to
better understand molecular structures, chemical
bonding, atomic structures, and other abstract chemistry
topics that are difficult to represent using conventional
instructional media. As a result, these technologies
contribute to better learning outcomes, increased
student motivation and participation, and a reduction in
misconceptions. Augmented Reality-supported learning
module on chemical bonding significantly improved
students' learning interest and motivation while
facilitating the visualization of three-dimensional
molecular structures. Overall, the findings suggest that
integrating AR and VR into chemistry instruction can
serve as an innovative and effective approach to support
meaningful learning and improve the quality of science
education.
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