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Purpose of the study: This study aims to examine the effectiveness of the
FERA  (Focus-Explore-Reflect-Apply) learning model integrated with
Augmented Reality (AR) in improving students' conceptual understanding of
atomic theory.

Methodology: This was a pre-experimental study employing a one-group
pretest—posttest design. The sample was 32 tenth-grade students selected through
cluster random sampling from ten classes in the public high school in East
Kalimantan. The instruments consisted of essay-based pretest and posttest
questions, teacher and student observation sheets, and AR-integrated reading
materials. The data were analyzed by using descriptive statistics, normality test,
Wilcoxon Signed Rank Test, normalized gain (N-Gain), and effect size (r).

Main Findings: The results indicated a statistically significant improvement in
students’ conceptual understanding after the intervention. The average N-Gain
score was 0.67 (moderate category). Meanwhile, the effect size (r = 0.88)
showed a large effect. The greatest improvement was found in the classification
indicator, whereas the application indicator demonstrated relatively lower gains.
Overall, the integration of FERA and AR effectively improved conceptual
understanding of atomic theory.

Novelty/Originality of this study: The novelty of this study lies in
systematically embedding augmented reality within the structured stages of the
FERA (Focus-Explore-Reflect-Apply) learning model to improve the students’
conceptual understanding of atomic theory. Unlike previous studies that often
employ augmented reality as a supplementary visualization tool, this study
integrated AR into a coherent pedagogical framework, aligning interactive 3D
representations with specific cognitive processes in each instructional stage.
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1. INTRODUCTION

Advances in technology and information have brought about major changes in various aspects of life,
including education, by creating efficient and accessible learning [1]. The main challenge in 21st-century
education is how to create learning that not only emphasizes content mastery but also fosters critical, creative,
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collaborative, and communicative thinking skills. Therefore, innovative and contextual learning approaches are a
must so that the learning process is not only informative but also transformative [2], [3].

In the context of science education, particularly chemistry, this challenge is even greater because most
of the material is abstract and cannot be observed directly [4]. One aspect of chemistry that students find difficult
to understand is atomic theory. Concepts such as atomic structure, subatomic particles, and atomic models
require a high level of visualization and reasoning skills [5]. This can lead to low conceptual understanding
among students and a high likelihood of misconceptions in learning [6],[7]. Understanding a concept is the
ability of students to comprehend the meaning of the information received, use definitions in accordance with the
information provided, and be able to convey ideas with creative and innovative explanations [8]. Good
conceptual understanding enables students to accept, understand, and remember the material for a long period of
time [9], [10].

Atomic theory is an abstract chemical concept that is often tough for students to grasp and understand.
Lectures and a lack of visual media are some of the reasons why students do not actively participate in the
learning process [11]. To overcome this, a learning model is needed that encourages active student involvement
in constructing their own understanding. One relevant model is FERA (Focus-Explore-Reflect-Apply). This
model provides a structured and reflective learning flow. Students are invited to explain their basic
understanding of a concept (focus), explore the material independently or in groups (explore), reflect on the
results of their exploration to build concepts (reflect), and finally apply the concepts in real-life contexts (apply)
[12]. This structured progression supports meaningful learning and facilitates deeper conceptual understanding
by encouraging students to reconstruct their mental models rather than passively receiving information.
However, despite its reflective structure, the FERA model alone may still face challenges in addressing highly
abstract chemical concepts such as atomic theory, which require strong visualization support.

Previous studies have demonstrated that augmented reality (AR) enhances students’ motivation and
conceptual understanding in chemistry learning, particularly in abstract topics such as atomic structure [13], [14].
AR provides three-dimensional and interactive representations that help students visualize submicroscopic
phenomena more concretely [15]. Nevertheless, most AR-based studies have implemented the technology as a
standalone instructional medium without integrating it into a specific pedagogical framework [16]. Conversely,
studies on the FERA model have not incorporated immersive visualization technologies to address abstract
chemical concepts. Therefore, empirical research examining the integration of augmented reality within the
FERA learning model in atomic theory instruction remains limited.

Considering the persistent difficulties that students experience in understanding atomic theory and the
need for both structured learning guidance and meaningful visualization, integrating augmented reality (AR) into
the FERA learning model becomes pedagogically significant. Although previous studies have demonstrated the
effectiveness of augmented reality (AR) in enhancing visualization and others have implemented structured
learning models independently, limited research has systematically integrated AR within a reflective
instructional framework such as FERA. This indicates the absence of a unified pedagogical model that
simultaneously supports immersive visualization and structured conceptual reconstruction in abstract chemistry
learning [17], [18]. To address this issue, this study proposed an integrated FERA—AR instructional design in
which AR-based three-dimensional atomic representations are strategically embedded into each stage of the
FERA learning cycle. The novelty of this study lies in conceptualizing and implementing the FERA model in
combination with AR as an integrated pedagogical approach, in which AR is not merely used as a supplementary
tool but is strategically embedded within each stage of the FERA learning cycle (Focus-Explore-Reflect-Apply).
This structured integration enables visualization support during exploration, guided reflection for conceptual
reconstruction, and application activities reinforced by immersive representations.

This study aims to examine the effectiveness of integrating augmented reality into the FERA learning
model in enhancing the students’ conceptual understanding of atomic theory and to determine the magnitude of
its instructional impact. Accordingly, this study addresses the following research questions: (1) Does the
integration of augmented reality into the FERA learning model significantly improve the students’ conceptual
understanding of atomic theory? and (2) What is the magnitude of the effect of the integrated FERA-AR
intervention on the students’ conceptual understanding?

2. RESEARCH METHOD

This study employed a pre-experimental quantitative design with a one-group pre-test and post-test
design. This design was selected to examine the effectiveness of integrating augmented reality into the FERA
learning model on the students’ conceptual understanding of atomic theory. Despite its suitability for preliminary
effectiveness testing, this study has methodological limitations. The use of a one-group pretest—posttest design
without a control group limits the ability to attribute causal effects exclusively to the intervention. Additionally,
the relatively short duration of the intervention may not fully capture long-term conceptual retention or sustained
learning effects. The students’ conceptual understanding was measured before and after the intervention to
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determine the changes attributable to the treatment. The FERA learning model was in accordance with the syntax
in Figure 1 [19], [20].

Focus

Apply

Figure 1. Syntax of the FERA Learning Model

In addition, the population of this study consisted of ten tenth-grade classes at the public high school in
East Kalimantan. The sample was selected by using the cluster random sampling technique, in which one intact
class was randomly chosen from the ten available classes. This technique was employed because the population
was naturally organized into existing classroom clusters. Based on the random selection process, class X-4 was
chosen as the research sample, consisting of 32 students. This study employed three main instruments: the
teacher observation sheets, student observation sheets, a conceptual understanding test administered as a pretest
and posttest, and integrated reading materials AR. The conceptual understanding test consisted of essay-based
questions designed to measure the students’ mastery of atomic theory concepts. The test items were content-
validated by 2 the academic supervisors as subject-matter experts to ensure alignment with the learning
objectives and conceptual indicators. The AR-integrated reading materials used in this study were adopted from
previously developed instructional materials. The materials had undergone expert validation by two educational
practitioners, resulting in a final validation score of 97.85%, categorized as very valid. The validated aspects
included content feasibility, presentation, language use, and graphical design. Therefore, the materials were
considered appropriate for use in the learning process. The data from the Likert-scale observation sheet were
analyzed by using a scoring formula implemented in Microsoft Excel. The calculation procedure followed the
formula proposed by Islami et al. [21], as presented in Formula 1.

Score obtained

Percentage of Observation Sheets = X 100% ... (1)

Maximum Score

The results were interpreted according to Table 1, which lists teacher and student activities, to evaluate
the extent to which the learning process was carried out well, as reported by Islami et al. [21].

Table 1. Teacher and student activity categories

Activity (X, %) Criteria
80<X <100 Very High Quality
60 <X < 80 Quality
40 <X <60 Enough
20<X <40 Low Quality

0<X<20 Very Low Quality

The analysis of data involved descriptive statistics (mean and standard deviation). To determine the
difference in learning outcomes between before and after the treatment, the pretest and posttest data were
analyzed by using a paired t-test after fulfilling tests of normality for score differences. This test was calculated
by using the formula and then interpreted based on the categories used by Wahab et al. [22], in Formula 2 and
Table 2. To measure the magnitude of the treatment effect, an effect size test (r) was used. Furthermore, the
effectiveness of learning was analyzed by using normalized gain (N-gain) values descriptively [23].

Score Post Test—Score Pre Test

Normal Gain = .. (2)

Score Ideal—Score Pre Test
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Table 2. N-Gain Level Criteria
Average Criteria
g>0.38 Very High
0.6 <g<0.8 High
04<g<0.6 Medium
02<g<04 Low
0<g<0.2 VeryLow

The next test used the effect size. This test was used to assess the success rate of a learning model. This
term may also refer to the process of evaluating the impact of learning models that have been implemented and
tested on students [24],[25]. Then, the values were calculated by using the effect size formula described by
Zahirah et al. [26], as shown in Formula 3.

_Z
r—\/r_l...( )

The resulting value was interpreted by using the effect size r, established criteria to determine the
practical significance of the intervention. The classification framework applied in this study is summarized in
Table 3, as described by Rohmatika et al. [27].

Table 3. Effect Size r Level Criteria
Average Criteria
r>0.50 Large effect
0.30<r<0.50 Medium effect
0.10<r<0.30 Small effect
r<0.10 Negligible effect

3. RESULTS AND DISCUSSION

The use of this FERA model helps students focus on the core material (focus) while teachers focus on
the basic concepts of atomic theory through reading materials that have been integrated by AR, giving students a
strong initial focus [28]. The learning process continues with exploration, where students directly explore the 3D
atomic model using AR and utilize reading materials and worksheets, which will increase their active
involvement and curiosity [29]. Students reflect on the results of their exploration (reflect) by comparing their
understanding through group discussions. This stage will strengthen their conceptual understanding and
ultimately apply this knowledge in a new context (apply) to solve problems or real-world issues [30].

From a theoretical perspective, three-dimensional visualization through augmented reality supports
conceptual change by enabling students to form clearer and more concrete mental representations of atomic
structures that cannot be directly observed. Interactive visual elements allow learners to reorganize new
information and relate it to prior knowledge, facilitating gradual conceptual restructuring [31], [32]. This
visualization becomes more pedagogically powerful when embedded within a structured instructional sequence
such as FERA.

The use of this FERA learning model supported by AR-integrated reading materials on the research
subjects, resulted in a average pre-test score of 27.50, a post-test score of 72.18. Meanwhile, the standard
deviation was 14.08, as shown in Table 4. Based on these data, there was an increasing understanding of these
concepts among students after receiving the treatment. The diagram shows the increase of pre-test and post-test
scores, as shown in Figure 2.

Table 4. Average Results and Standard Deviation
u Post-test | Pretest u Post-Pre Std. Deviation
72.18 27.50 44.68 14.08
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Figure 2. Comparison of students’ pretest and posttest scores.

The rise in the average score indicates an enhancement in the students’ conceptual understanding after
the application of the FERA learning model integrated with AR. The increased average score on the pre- and
post-tests showed that students experienced better conceptual understanding after following through the learning
process [33].

Table 5. Teacher and the Student Activities
Teacher Activity Criteria Student Activity Criteria
98.66% Very High Quality 85.80 Very High Quality

Furthermore, the results of the teacher observation sheet, assessed by three observers using a Likert
scale, showed an average implementation percentage of 98.66%, categorized as very high quality. This indicates
that the stages of the AR-assisted FERA learning model were implemented almost entirely according to the
instructional plan. The student observation results showed an overall percentage of 85.80%, also categorized as
very high quality. This finding reflects students’ active participation, positive responses, and engagement during
the learning process.

Clearly, a normality test was conducted in order to define the appropriate type of inferential statistical
test for analyzing the pre-test and post-test score differences. When the data followed a normal distribution, a
paired t-test was used, whereas the Wilcoxon Signed-Rank test was employed when the data did not meet the
normality assumption. The results obtained from the statistical test are shown in Table 6.

Table 6. Results of Normality Test and t-test

Normality Test Wilcoxon test
. o Asymp.sig i
Class Data Sig Description (2-Tailed) Description

Pre-test 0.012 Not Normally Distributed

X Post-test 0.010 Not Normally Distributed

0.000 Significant

Based on the analysis, the pre-test produced a significance value of 0.012, while the post-test yielded
0.010. Since both values were below 0.05, the data did not meet the normality assumption. As a result, the
appropriate inferential analysis used was the Wilcoxon Signed Rank Test as a substitute for the t-test. The
obtained Asymp. Sig. (2-tailed) A value of 0.000 confirms that a significant difference existed between pre-test
and post-test scores following the application of the FERA learning model enhanced with AR-integrated reading
materials.

Table 7. Results of N-Gain Test and Effect Size r Test
N-Gain Criteria Effect-Size Criteria
0.67 Medium 0.88 Large Effect

Based on Table 7, the N-Gain value obtained was 0.67, which was classified as moderate. This showed
that the increased conceptual understanding of the students after applying the FERA learning model assisted by
AR-integrated reading materials was at a good level. In the context of atomic theory, an abstract and
conceptually demanding topic, a moderate gain indicates that students made measurable improvements in
understanding core concepts and demonstrated meaningful conceptual refinement. Educationally, although the
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normalized gain may fall into a moderate category, the large effect size suggests that the structured integration of
augmented reality within the FERA stages contributed meaningfully to conceptual improvement. This level of
improvement is particularly meaningful in the context of atomic theory, which is widely recognized as an
abstract and conceptually challenging topic. Therefore, the findings answered the first research question by
confirming that the integration of augmented reality into the FERA learning model significantly improved the
students’ conceptual understanding. Furthermore, the second research question was addressed by demonstrating
that the magnitude of the intervention effect was large (r = 0.88), indicating a large effect.

1 0.97 0.91
0.9 0.83
v 0.8
;83
@ Y 0.45
0.5
g 01 0.33
5
“ 01
0
the ability to the ability to the ability to the ability to the ability to
classify restate the  presentthe comnnectone  apply the
objects related concept using concept in conceptto  concept in
to the atomic  their own  various forms another everyday
theory concept  words of contexts
representation
1 2 3 4 5

Indicator Test
Figure 3. Distribution of students’ N-Gain scores after the implementation of the AR-assisted FERA model.

However, the measurement of the students' conceptual understanding in this study was conducted
through five indicators. These indicators included: (1) the ability to classify objects related to the atomic theory
concept, (2) the ability to restate the concept using their own words, (3) the ability to present the concept in
various forms of representation, (4) the ability to connect one concept to another, and (5) the ability to apply the
concept in everyday contexts [34]. These five indicators were used in order to acquire a comprehensible
overview of the level of students' conceptual understanding upon completing the learning process using the
FERA model supported by augmented reality. The results of conceptual understanding measurements for each
indicator are shown in Figure 3.

Obviously, indicators classify objects, demonstrating students' ability to group or distinguish objects
based on properties or characteristics relevant to the concepts being studied. Students are asked to sequence the
development of atomic models from Dalton's atomic model to quantum mechanics based on images. This
process will enable students to remember atomic models so that they can classify them [35]. The post-test results
showed that students had excellent ability in classifying atomic models, as indicated by the N-Gain score, which
was 0.97, falling into the very high category. In an exploration stage, the use of AR allows students to visualize
atomic models interactively, making the learning experience more concrete and interesting. This improves
students’ memory, making it easier for them to observe, distinguish, and classify the objects in each atomic
model [36], [37].

Re-stating concepts in their own words is an indicator that assesses the extent to which students can
explain or re-formulate the concepts they have learned using their own words. This indicator shows a deep
understanding because students did not just memorize definitions, but can express ideas in a way that they
understand [38]. In the post-test questions, the students had to determine the atomic model based on the image
provided, then explain the review of the discovery experiment conducted in accordance with that atomic model.
This resulted in an N-Gain score of 0.45, which falls into the category of moderate. In the FERA learning model,
the reflect stage greatly supports the achievement of this indicator because students are encouraged to reflect on
the exploration experiences they have had in the explore stage. With the help of augmented reality, students can
see a three-dimensional representation of atoms visually and interactively. This visualization makes it easier for
students to grasp abstract concepts, so they are better prepared to restate these concepts in their own words and
strengthen their conceptual understanding [39].

Indicators are presented in diverse representation forms, requiring students to be able to convey their
understanding of a concept in visual, verbal, or symbolic form [40]. In the context of post-test questions, the
students were asked to identify the distinctions between Rutherford's and Niels Bohr's atomic models, enabling
them to present the differences between the two models in the form of atomic model diagrams, comparison
tables, or coherent verbal explanations. The ability to present concepts in various forms of representation has an
N-Gain value of 0.83, which is classified as very high. Through the implementation of the FERA learning model
supported by augmented reality (AR), especially at the exploration stage, students can directly observe the three-
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dimensional visual form of the Rutherford and Bohr atomic models [41]. This exploratory experience helps them
understand concretely how the structure and arrangement of electrons differ in the two models [42].
Furthermore, in the reflect stage, students represent their observations in various forms, such as atomic sketches,
written explanations, or verbal descriptions of the location of electrons and atomic nuclei [43]. Thus, AR
assistance in the FERA model not only made it easier to understand the differences between these two atomic
models, but also trained students' ability to express concepts in various forms of representation more clearly and
meaningfully.

Indicators connecting concepts, students are expected to be able to link one concept to another relevant
concept to form a complete understanding [44]. The context of post-test questions that required the students to
explain the advantages and disadvantages of Rutherford and Niels Bohr's atomic theories, the ability to connect
concepts can be seen from how students were able to trace the relationship between Rutherford’s experimental
results and Bohr’s refinement of the atomic model. The ability to connect learned concepts had an N-Gain
indicator score of 0.91, which was classified as a very high category. The implementation of the assisted FERA
learning model (AR) greatly supported achieving this indicator. During the exploration stage, the students used
AR to observe the structural differences between two atomic models visually and interactively. Three-
dimensional visualization helped the students understand why Rutherford's model was unable to explain electron
stability and how Bohr improved it with the concept of electron orbits. Furthermore, in the reflect stage, the
students were asked to compare the two models and relate them to the principle of energy so that they can
explain the relationship between the two concepts logically [45], [46]. Through this learning experience, the
students not only learn about the advantages and disadvantages of each atomic model, but also understand the
conceptual relationships that underlie the development of atomic theory. Thus, the use of AR-assisted FERA
learning models was effective in training the students' ability to connect the chemical concepts in a deep and
meaningful way.

In the indicator of applying concepts in daily life, students should be able to apply the conceptual
knowledge they have learned to explain phenomena or technologies around them [47]. In the context of the post-
test questions that presented explanations about nanofertilizers, the students were required to relate the concept
of atomic theory, particularly the principles of quantum mechanics, to the role of atoms and nanoparticles in
increasing the efficiency of nutrient absorption by plants [48]. The ability to apply concepts in daily life has an
N-Gain value of 0.33, which is classified as low category. This low N-Gain score may be due to several factors.
First, the concepts of atomic theory and quantum mechanics are abstract and complex, making it difficult for
students to relate the theory to real-world applications, such as the role of atoms in nanofertilizers [49], [50].
Second, although the augmented reality-assisted FERA learning model provides a visual and interactive
experience, students may not be fully accustomed to applying their observations to real-life situations [51].
Third, limited learning time may reduce opportunities for students to practice applying concepts in depth through
the apply stage [52].

Based on five conceptual understanding indicators, these indicators classified the objects into the best
improvement category with an N-Gain value of 0.97. Conversely, indicators that showed the lowest
improvement were the application of concepts in everyday life, which have an N-Gain value of 0.33. In general,
this can occur because the application stage requires the ability to transfer concepts to new situations, which is
cognitively more complex than the exploration or reflection stages. Transfer skills require an in-depth
understanding and flexibility of thinking, which generally develop gradually. Overall, the implementation of the
FERA learning model with AR assistance on atomic theory material had the N-Gain value of 0.67 so that the
students’ conceptual understanding level after receiving the treatment was in the moderate category. The
resulting effect size (r = 0.88) indicated a large effect [53], [54].

These results are consistent with previous studies reporting that augmented reality enhances the
visualization of abstract chemical concepts and improves students’ conceptual understanding. A study conducted
by Olim et al., [55] show that augmented reality interactive experiences support multi-level understanding in
chemistry by helping learners connect different forms of representation. The Research by Amirbekova et al., [56]
also shows that the integration of virtual and augmented reality in chemistry instruction significantly improves
students’ ability to visualize abstract concepts. Furthermore, Agussalim [57] reports that augmented reality plays
a substantial role in fostering deeper learning in chemistry by strengthening students’ conceptual comprehension
through immersive visualization tools.

In addition, studies on constructivist-based instructional models have demonstrated that structured
phases of exploration and reflection promote conceptual change. The present findings not only corroborate those
earlier studies but also extend them by systematically integrating AR within the structured framework of the
FERA learning model [58], [59]. The improvement in students’ conceptual understanding can be interpreted as
the result of a synergistic interaction between the pedagogical structure of FERA and the visual affordances of
augmented reality. While FERA provides a systematic learning progression that scaffolds conceptual
construction, AR enhances this process by offering concrete and dynamic representations of abstract phenomena.
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The combination of these elements resulted in significant learning gains and a large magnitude of effect,
indicating that technology integration is most effective when aligned with a structured pedagogical framework.

The novelty of this study lies in the systematic integration of augmented reality into the FERA learning
model rather than employing AR as a standalone instructional medium. This integrated approach demonstrates
that the educational impact of technology is strengthedyned when embedded within a structured learning
sequence. Nevertheless, this study is limited by the use of a pre-experimental design without a control group,
which restricts the ability to establish stronger causal inferences. Future research is therefore recommended to
employ a quasi-experimental design with a comparison group to enhance internal validity and provide more
robust evidence regarding the effectiveness of the intervention.

4. CONCLUSION

Overall, the FERA learning model supported by Augmented Reality (AR) proved to be effective and
relevant for chemistry learning. This study concluded that the integration of the FERA learning model with
Augmented Reality was effective in improving students' conceptual understanding of atomic theory, with an
effect size of 0.88 in the large effect category. These findings confirm that the intervention significantly
improved students' conceptual understanding, with meaningful learning gains and a large effect magnitude.
Practically, these results suggest that chemistry teachers can improve the quality of learning by integrating
visualization technology into clearly structured pedagogical models, rather than using technology as an
additional tool. From a technology integration perspective, the effectiveness of augmented reality appears to be
stronger when aligned with clear instructional stages that guide the cognitive process. Although the findings
show positive results, future research is recommended to use controlled or quasi-experimental designs involving
comparison groups to provide stronger causal evidence regarding the effectiveness of augmented reality
integrated into the FERA model.
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