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Introduction

Abstract: This study examined the effect of an Augmented Reality (AR)-supported
inquiry learning model on elementary school students” scientific literacy. This study
employed a quasi-experimental non-equivalent group design involving two
instructional groups: an experimental group receiving AR-supported inquiry learning
and a comparison group receiving guided inquiry learning without AR support. Data
were collected through scientific literacy pretests and posttests administered to both
groups. The findings showed that the experimental group achieved greater
improvement in scientific literacy, with mean scores increasing from 64.71 to 78.63,
whereas the guided inquiry group showed a smaller increase from 52.66 to 55.10.
Paired-sample t-test results indicated a significant improvement in the experimental
group (p < .05), while the guided inquiry group did not demonstrate a statistically
significant change (p > .05). In addition, an independent-samples t-test revealed a
significant difference between the two groups after treatment (p < .05). Effect size
analysis produced a Cohen'’s d value of 0.95, indicating a large practical effect. These
findings suggest that AR-supported inquiry learning is more effective than guided
inquiry learning without AR support in enhancing elementary school students’
scientific literacy.

Keywords: Augmented reality; Elementary education; Inquiry learning; Quasi-
experiment; Scientific literacy

experimentation, and scientific

phenomena.

interpretation of

Scientific literacy is a fundamental competency
required for students to respond to the challenges of the
21st century. It involves not only understanding scientific
concepts but also the ability to evaluate scientific
information, solve problems, and make evidence-based
decisions in everyday contexts (OECD Publishing, 2019;
Ogunkola, 2013; Syahidi et al., 2023; Ledia et al., 2024;
Sisi et al., 2025). In elementary education, scientific
literacy serves as an essential foundation for developing
critical thinking and inquiry skills through observation,

How to Cite:

Despite its importance, students’ scientific literacy
in Indonesia remains relatively low. According to the
2022 Programme for International Student Assessment
(PISA), Indonesia ranked 69th out of 81 participating
countries, with an average science score of 383, which
remains below the OECD average (OECD Publishing,
2019). These findings indicate that many students still
experience difficulty applying scientific concepts to real-
life situations and interpreting scientific evidence. At the
elementary level, this issue becomes more critical
because conceptual understanding formed during early
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education strongly influences later scientific reasoning
abilities.

Preliminary observations conducted at the research
site indicated that students faced difficulties in
understanding abstract biological concepts, particularly
the functions of plant body parts. Classroom
observations showed that science learning was still
dominated by textbook explanations and teacher-
centered instruction, resulting in limited student
exploration and low engagement during learning
activities. In addition, several students demonstrated
misconceptions when identifying plant structures and
their functions, indicating that learning media and
instructional approaches had not yet optimally
supported conceptual understanding.

One pedagogical approach that has strong potential
to improve scientific literacy is inquiry-based learning.
Inquiry learning encourages students to investigate
problems, formulate questions, analyze evidence, and
construct conclusions through scientific processes
(Pedaste et al., 2015; Kuhlthau, 2021). This model aligns
with constructivist theory, which emphasizes that
knowledge is actively constructed through meaningful
learning experiences (Piaget, 1973). Through inquiry-
based activities, students become active participants in
the learning process rather than passive recipients of
information.

Alongside pedagogical innovation, technological
integration has become increasingly important in
supporting meaningful science learning. Educational
technology, according to the Association for Educational
Communications and Technology (AECT), includes the
ethical practice of facilitating learning through the
design, development, utilization, management, and
evaluation of technological processes and resources. In
this context, the utilization aspect is particularly relevant
because technology can function as a learning medium
that enhances interaction, visualization, and
engagement.

One emerging technology that has shown
considerable promise in science education is
Augmented Reality (AR). AR enables the integration of
virtual objects into real environments, allowing students
to observe abstract concepts through interactive three-
dimensional visualization (Billinghurst et al., 2014).
Previous studies have shown that AR can increase
motivation, engagement, and conceptual understanding
in science learning (Akgayir & Akcayir, 2017; Chen et al.,
2017; Dunleavy & Dede, 2014; Radu, 2014). For
elementary students, AR is particularly beneficial
because it provides concrete representations that help
bridge the gap between abstract scientific content and
real-world experiences.

Although previous research has examined the
effectiveness of inquiry learning and AR separately,
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limited studies have specifically investigated the
integration of inquiry-based learning with AR to
improve scientific literacy at the elementary school level.
Existing studies often focus on learning motivation,
engagement, or conceptual understanding without
directly  examining  scientific literacy as a
multidimensional outcome. Furthermore, few studies
have explored AR-supported inquiry learning in
biology-related content at the elementary level,
particularly regarding plant structure and function.

The novelty of this research lies in three main
aspects. First, this study integrates inquiry-based
learning with AR technology into a unified instructional
model specifically designed to strengthen elementary
students” scientific literacy. Second, this study focuses
on scientific literacy as the primary outcome variable
rather than solely measuring achievement or
motivation. Third, this research investigates the
implementation of AR-supported inquiry learning in
elementary biology content related to plant body
functions, an area where abstract visualization is often
challenging for students.

This study is important for several reasons.
Practically, it offers an alternative instructional model
that can address students” difficulties in understanding
abstract science concepts through interactive and
inquiry-driven experiences. Theoretically, it contributes
to the growing body of research on constructivist
learning supported by emerging technologies.
Empirically, it provides evidence regarding the
effectiveness of AR-supported inquiry learning in
improving scientific literacy among elementary school
students. Therefore, this study aims to examine the effect
of implementing an Augmented Reality-based inquiry
learning model on elementary school students” scientific
literacy, particularly in learning about the functions of
plant body parts.

Educational technology according to AECT (1994)
includes the process of designing, developing, utilizing,
managing and evaluating learning resources
(Awaluddin et al., 2021). In this study, the focus is on the
utilization aspect, namely the use of technology in
learning to increase student engagement and
understanding (Baroroh et al., 2024; Johnson et al., 2016).
One form of this utilization is the use of Augmented
Reality (AR), which is able to integrate real and virtual
objects, thus helping students understand abstract
concepts in a more concrete and interactive way
(Prayogi et al., 2025; Sipayung et al., 2025; Afandi &
Mahmudah, 2024). However, its implementation still
faces challenges such as limited access and variations in
students' digital abilities (Subroto et al., 2023).

Theoretically, this research is based on
constructivism which states that knowledge is actively
constructed through learning experiences (Piaget, 1973).
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This process is strengthened through discovery learning
which emphasizes independent discovery of concepts
(Damayanti et al., 2025), which is the basis of inquiry
learning. The inquiry learning model encourages
students to ask questions, investigate, and draw
conclusions through scientific stages (Gormally et al.,
2009; Kuhlthau, 2021; Pedaste et al., 2015). The
integration of inquiry with AR technology is in line with
the principles of constructivism because it allows for
interactive learning experiences, thus being proven to
increase student engagement, conceptual
understanding, and critical thinking skills (Akcayir &
Akcayir, 2017).

Method

This study employed a quantitative approach using
a quasi-experimental non-equivalent group design to
examine the effect of an Augmented Reality (AR)-
supported inquiry learning model on elementary school
students’ scientific literacy. Two instructional groups
participated in the study: an experimental group
receiving inquiry learning integrated with AR and a
comparison group receiving guided inquiry learning
without AR support. Both groups completed pretests
and posttests to measure changes in scientific literacy
before and after the intervention.

The independent variable in this study was the type
of inquiry learning model implemented, consisting of
AR-supported inquiry learning in the experimental
group (AR supported inquiry) and guided inquiry
learning in the comparison group. The dependent
variable was students’ scientific literacy. Several control
variables were maintained across both groups to ensure
comparability, including learning duration,
instructional materials, grade level, and teacher.

The population comprised all fourth-grade students
at SD Plus Gembala Baik Pontianak during the
2025/2026 academic year, totaling 69 students across
three classes. The sample was selected using purposive
sampling based on the similarity of academic
characteristics between classes. Two classes were chosen
as research participants: Class IV B served as the
experimental group, while Class IV C served as the
comparison group.

The intervention was conducted over six learning
sessions within a four-week period. In the experimental
group, students engaged in inquiry-based learning
supported by AR visualization to facilitate observation,
exploration, and concept discovery related to plant body
functions. In the comparison group, students
participated in guided inquiry learning without AR
support while receiving the same learning objectives,
content, and instructional duration.
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Data were collected using a scientific literacy test
consisting of 30 multiple-choice items developed
according to the PISA 2022 scientific literacy framework.
The instrument assessed three domains of scientific
literacy: explaining phenomena scientifically, evaluating
and designing scientific investigations, and interpreting
scientific data and evidence. The test was administered
twice, namely before treatment (pretest) and after
treatment (posttest).

Instrument validity and reliability were evaluated
using the Rasch model with the assistance of Winsteps
software. The analysis included item fit evaluation using
Infit and Outfit Mean Square statistics and standardized
Z values, item and person reliability analysis, Wright
Map interpretation, unidimensionality testing through
Principal Component Analysis (PCA) of residuals, and
Differential Item Functioning (DIF) analysis to identify
item bias. Content validity was also assessed through
expert judgment covering material, construct, and
language aspects and strengthened through the Content
Validity Index (CVI) at both item (I-CVI) and scale (S-
CVI) levels.

Data analysis was performed using descriptive and
inferential statistics with SPSS version 26. Descriptive
statistics included mean, median, and standard
deviation values. Prior to hypothesis testing,
prerequisite analyses were conducted using the Shapiro-
Wilk test for normality and Levene’s test for
homogeneity. If the assumptions of normality and
homogeneity were met, paired-sample ¢-tests were used
to examine  within-group  differences, while
independent-samples t-tests were used to compare
differences between groups. If assumptions were not
satisfied, nonparametric alternatives were applied,
including the Wilcoxon signed-rank test and Mann-
Whitney U test.

To determine the magnitude of treatment
effectiveness, effect size analysis was calculated using
Cohen’s d. Effect size interpretation followed standard
criteria: 0.20 indicated a small effect, 0.50 indicated a
moderate effect, and 0.80 or greater indicated a large
effect. Through this analytical procedure, the study
aimed to provide valid and reliable evidence regarding
the effectiveness of AR-supported inquiry learning in
improving elementary school students’ scientific
literacy.

Results and Discussion

Prior to data analysis, the research instrument
underwent validity and reliability testing to ensure
measurement quality. Content validity analysis using
the Content Validity Index (CVI) showed that item-level
CVI (I-CVI) values ranged from 0.60 to 1.00. Most items

obtained values > 0.80, indicating acceptable validity.
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However, three items (numbers 8, 14, and 28) achieved
an [-CVI value of 0.60 and were revised before
implementation.

The Scale-Level Content Validity Index Average (S-
CVI/Ave) was calculated using the following formula
(Lynn, 1986):

S-CVI (15 x 1.00) + (12 x 0.80) + (3 x 0.60)

Ave

30
_15+9.6+1.8_26.4_088
- 30 T30 0

The S-CVI/Ave value of 0.88 indicates that the
instrument achieved a valid category. Meanwhile, the
Universal Agreement Scale-Level Content Validity
Index (S-CVI/UA) was calculated as follows:

S-CvVlI 15

UA —%20.50

e Hawa

-
e
&

| | F | 1.5

Figure 1. Wright map distribution of student ability and item
difficulty

Table 1. Summary of Rasch model validity results
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The S-CVI/UA value indicates a moderate level of
agreement among validators. Therefore, after revision of
several items with lower validity, the scientific literacy
instrument was considered appropriate for research
implementation.

The Wright Map analysis indicated that the
distribution of item difficulty was generally aligned with
students’ ability levels. Several items were positioned
above the average student ability level, indicating
relatively difficult questions that required higher-order
reasoning and interpretation of scientific evidence.
Conversely, easier items measured basic conceptual
understanding. The alignment between person ability
and item difficulty demonstrates that the instrument
was appropriately targeted for measuring elementary
school students’ scientific literacy.

Rasch model analysis on person fit showed that Infit
Mean Square (MNSQ) values ranged from 0.91 to 1.10,
while Outfit MNSQ values ranged from 0.90 to 1.13. Infit
standardized Z values ranged from -1.47 to 1.57,
whereas Outfit standardized Z values ranged from —1.47
to 1.61. Based on Rasch fit criteria, acceptable MNSQ
values range from 0.5 to 1.5 and ZSTD values range from
-2.0 to +2.0. All respondents met these criteria,
indicating that no misfit respondents were identified.

Indicator Minimum Value Maximum Value Mean Standard Deviation Fit Criteria
Infit MNSQ 0.91 1.10 1.00 0.05 Fit
MNSQ Outfit 0.90 1.13 1.00 0.06 Fit
Infit ZSTD -1.47 157 -0.01 0.64 Fit
ZSTD Outfit -1.47 1.61 0.00 0.66 Fit
Respondent Score 8 18 13.5 21

Exact Match Percentage 44.0% 76.0% 59.8% 7.9

The mean values of Infit MNSQ and Outfit MNSQ
were both 1.00, suggesting strong consistency between
student responses and the Rasch model. Low standard
deviation values indicated minimal variation in
response inconsistency. These findings confirm that the
instrument produced reliable measurements for
assessing scientific literacy.

Normality testing using the Shapiro-Wilk test
demonstrated that all datasets had significance values
above 0.05, indicating that the data were normally
distributed. Specifically, the guided inquiry comparison

group obtained significance values of 0.101 for the
pretest and 0.200 for the posttest, while the AR-
supported inquiry group showed values of 0.371 for the
pretest and 0.233 for the posttest.

Homogeneity testing using Levene’s test produced
a significance value of 0.076 (p > .05), indicating
homogeneous variance between groups. These results
confirm that the assumptions required for parametric
statistical analysis were satisfied, allowing the use of
paired-sample t-tests and independent-samples t-tests
for hypothesis testing.
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Table 2. Pretest posttest difference test results

Volume 12, Issue 4, 832-839

Group Mean Pretest Mean Posttest Mean Difference t df Sig. (2-tailed) Information

Guided Inquiry Class 52.66 55.10 -2.44 -1,042 22 0.309  Not significant

AR Supported Inquiry Class 64.71 78.63 -13.92 -5,161 22 0,000 Significant
The paired-sample t-test in the guided inquiry class ~ Cohen's d Formula

produced a significance value of 0.309 (p > .05), To determine the magnitude of treatment

indicating that guided inquiry learning did not
significantly improve students’ scientific literacy during
the intervention period. Although the mean score
increased slightly, the improvement was not statistically
significant. This suggests that guided inquiry may
provide a positive learning tendency but was
insufficient to produce substantial improvement within
the implemented treatment duration.

In contrast, the experimental class showed a
significance value of 0.000 (p < .05), indicating a
statistically ~ significant improvement after AR-
supported inquiry learning. These findings suggest that
the integration of Augmented Reality with inquiry-
based learning effectively enhances students” scientific
literacy.

The significant improvement observed in the
experimental group may be explained by the interactive
and visual nature of AR technology. Through three-
dimensional visualization, students can directly observe
abstract concepts that are otherwise difficult to imagine
through conventional instruction. This supports the
principles of constructivist learning, where students
actively construct knowledge through meaningful
experiences.

Furthermore, the independent-samples t-test
revealed a significant difference between the AR
supported inquiry class and guided inquiry class (p <
.05), confirming that AR-supported inquiry learning was
more effective than guided inquiry learning alone.

Table 3. Test differences between groups

. Sig. (2- Mean .
Variables t tailed) Difference Information
Mark -5,232 37,395 0,000 -13,917  Significant

Furthermore, the results of the independent sample
t-test showed a significance value of 0.000 (p < 0.05),
indicating a significant difference between the AR
supported inquiry class and the guided inquiry class.
This confirms that the augmented reality-based inquiry
learning model is more effective than the guided inquiry
learning model in improving students' scientific literacy.
To determine the magnitude of the treatment effect, the
effect size was calculated using the Cohen's d formula,
which was obtained as follows.

effectiveness, effect size analysis was conducted using
Cohen’s d formula:

M; - M,
d=2——1 1
SDpooled ( )
where:
SD? + SD3
SDpuoled = f
SDpooled

167.30 167.30 +125.96 125.96

293.26
> = v146.63 = 12.11

1148 095
T 1211

\[12 9332 4+ 11.2232

Cohen's d = 0.95

The effect size value of Cohen’s d = 0.95 falls within
the large category, indicating that the Augmented
Reality (AR)-based inquiry learning model exerted a
strong influence on students’ scientific literacy. This
finding demonstrates that AR-supported inquiry
learning not only produced statistically significant
improvement but also generated meaningful practical
impact in elementary science learning.

Overall, the findings indicate that only the AR-
based inquiry learning model significantly improved
students’ scientific literacy, whereas guided inquiry
learning did not demonstrate statistically significant
improvement during the intervention period. Although
the guided inquiry group showed a slight increase in
mean score, the improvement was insufficient to reach
statistical significance. This suggests that guided inquiry
may contribute to learning development; however, its
effectiveness may depend on additional instructional
support, extended intervention duration, or more
concrete learning medjia.

The superiority of AR-supported inquiry learning
can be explained by the capability of AR technology to
present abstract concepts through interactive and
realistic visualization. In science learning, particularly in
elementary education, students often encounter

difficulties understanding concepts that cannot be
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directly observed. AR bridges this gap by integrating
virtual objects into real learning environments, enabling
students to explore scientific phenomena more
concretely and contextually.

These findings align with constructivist learning
theory, which states that knowledge is actively
constructed through meaningful experiences. Inquiry
learning encourages students to investigate, observe,
and formulate conclusions independently, while AR
strengthens this process by providing visual support
that enriches exploration. Through this integration,
students engage more deeply in concept discovery and
scientific reasoning.

The results also support Dual Coding Theory,
which suggests that learning becomes more effective
when verbal explanations are reinforced by visual
representations. In this study, AR provided
simultaneous visual and textual information, helping
students process scientific concepts through multiple
cognitive pathways. This multimodal representation
may reduce cognitive load because students no longer
rely solely on abstract imagination to understand
scientific material.

Previous studies have similarly demonstrated the
benefits of AR in education. Research by Akcayirr &
Akcayir (2017) reported that AR enhances conceptual
understanding and student motivation by making
learning experiences more interactive. Likewise, Radu
(2014) found that AR contributes positively to learning
outcomes because it combines digital visualization with
real-world interaction. These findings reinforce the
present study, which shows that AR integration within
inquiry-based learning creates a more effective learning
environment.

The findings further indicate that guided inquiry
learning without interactive media support may be less
effective in significantly improving scientific literacy,
particularly when students must understand complex
and abstract concepts. Although guided inquiry
encourages exploration, the absence of strong
visualization tools may limit students” ability to fully
construct conceptual understanding.

The integration of AR into inquiry learning
therefore provides a pedagogical advantage by
combining student-centered learning with immersive
technology. Students are not only encouraged to
investigate scientific concepts independently but are
also supported through interactive representations that
facilitate deeper understanding.

Overall, the results reinforce previous evidence that
AR-supported inquiry learning is an effective
instructional approach for improving elementary
students’ scientific literacy. The combination of inquiry
pedagogy and interactive visualization creates a more
meaningful learning experience, supporting conceptual
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understanding, scientific reasoning, and student

engagement in science learning.
Conclusion

Based on the findings of this study, it can be
concluded that Augmented Reality (AR)-based inquiry
learning is effective in improving elementary school
students’ scientific literacy. Students who participated in
AR-supported inquiry learning demonstrated greater
improvement in scientific literacy compared to those
who learned through guided inquiry without AR
support. The integration of AR into inquiry learning
provided interactive and concrete visualization that
helped students understand abstract scientific concepts
more effectively. These findings suggest that combining
inquiry pedagogy with AR technology creates a more
meaningful learning experience by supporting active
exploration, conceptual understanding, and scientific
reasoning. Therefore, AR-based inquiry learning can
serve as an effective instructional approach for
strengthening scientific literacy in elementary science
education. Future research is recommended to
investigate the long-term effects of AR-supported
inquiry learning, involve larger and more diverse
samples, and explore its implementation across different
science topics and educational levels. Further studies
may also examine how AR integration influences other
dimensions of learning, such as motivation,
engagement, and critical thinking skills.
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