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Abstract: The integration of advanced technologies in education, such as Augmented
Reality (AR) and gamification, has been recognized significant attention for its potential
to improve student learning outcomes. However, there remains a gap in understanding
how these technologies, particularly when combined, affect younger learners in primary
education. This study addresses this gap by investigating the impact of Marker-Based
Augmented Reality (MBAR) gamification on primary students' understanding of
scientific concepts and their motivation to learn science. Conducted with 46 students
aged 9-10 from a school in Northeastern Thailand, the study employed a pre-test post-
test design to assess the effects of the MBAR intervention, which focused on teaching
phase changes in matter through interactive and gamified activities. The results
revealed a significantimprovement in students' conceptual understanding. Additionally,
the intervention revealed that intrinsic motivation, extrinsic motivation, and self-efficacy,
demonstrating the effectiveness of gamified AR in enhancing both cognitive and
motivational outcomes. These findings suggested that MBAR gamification can make
abstract scientific concepts more accessible and learning experiences more engaging
for young students.
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1. Introduction

In recent years, there has been a growing interest in integrating advanced technologies into
educational settings to enhance student learning outcomes. Among these technologies,
Augmented Reality (AR) and gamification have emerged as particularly promising tools. AR
provides students with interactive experiences that make abstract subjects more concrete and
easier to understand (Radu, 2014). It has proven especially effective in science education,
where visualizing complex phenomena can be challenging. Studies have shown that AR can
enhance students' understanding of scientific concepts by offering interactive 3D models and
simulations that bring these concepts to life (Ibafiez & Delgado-Kloos, 2018). For example,
Lin et al. (2022) demonstrated that AR improves students' comprehension of difficult physics
concepts by enabling interaction with digital simulations of real-world phenomena. Similarly,
gamification has been recognized for creating a more engaging and participatory learning
environment, which is crucial for maintaining student interest in traditionally challenging
subjects (Sailer et al., 2017; Subhash & Cudney, 2018). Gamification, involving the integration
of game design elements into educational contexts, significantly enhances student
engagement and motivation through challenges, competition, and rewards (Deterding et al.,
2011; Hamari et al., 2014).

Despite numerous studies advocating for the use of AR and gamification in education,
there remains a notable gap in research addressing their combined impact, particularly in



primary education. The existing literature focuses on secondary and higher education settings,
often overlooking how these technologies can influence younger learners, who are at a critical
stage in developing foundational knowledge and skills. Studies in higher education have
shown that while AR can enhance students’ motivation and engagement, the addition of
gamification does not always lead to further improvements in learning outcomes (lvarson et
al., 2024). Understanding the combined impact of AR and gamification on primary students is
essential, as early positive experiences in science education can significantly shape students'
long-term attitudes and success in STEM fields.

In the context of STEM education, AR and gamification align well with the broader
goals of fostering critical thinking, problem-solving, and technological literacy. AR has been
shown to make abstract scientific concepts more concrete by enabling real-time interaction
with virtual models, which promotes deeper understanding (Celik & Ersanli, 2023).
Gamification, meanwhile, enhances motivation by incorporating elements such as challenges
and rewards, which keep students engaged (Faraon et al.,, 2020). Together, AR and
gamification provide an immersive and interactive environment that supports inquiry-based
learning, allowing students to actively participate in the learning process while developing skills
crucial to success in STEM disciplines. This study seeks to address the gap by exploring how
AR and gamification can be effectively applied to primary science classrooms.

The combination of AR and gamification holds significant potential as a powerful
educational tool. These technologies can address key challenges in teaching complex
scientific concepts to young learners by making the learning process both effective and
enjoyable. However, further research is needed to fully understand how this combination
affects students' cognitive and motivational outcomes. To this end, the current study is guided
by two key research questions: (1) What is the effect of Marker-Based Augmented Reality
Gamification on primary students' understanding of scientific concepts? (2) What is the effect
of Marker-Based Augmented Reality Gamification on primary students' motivation toward
learning science? These questions aim to explore the educational benefits of combining AR
and gamification in primary science education, with a focus on both cognitive and motivational
outcomes.

2. Literature Review
2.1 Augmented Reality in Education

Augmented Reality (AR) has gained significant attention in educational contexts due to its
potential to create immersive and interactive learning experiences. AR technology overlays
digital information onto the real world, enhancing students' ability to visualize complex
concepts and engage with content in a more meaningful way. Marker-based AR, in particular,
uses physical markers to trigger the display of digital information, making it accessible and
practical for classroom settings. Studies have demonstrated that AR can significantly enhance
students' learning outcomes across various educational levels. For instance, Lin et. al. (2022)
found that the AR learning model is effective in supporting and enhancing scientific inquiry
and higher-order thinking in educational contexts. Similarly, research by Abbasi et al. (2017)
revealed that AR applications in classrooms increased student interaction and satisfaction,
making learning more engaging and effective. Marker-based AR, specifically, has been shown
to significantly improve primary students' understanding of complex scientific concepts by
providing visual and interactive experiences that traditional teaching methods may lack (Rani
et al., 2024).

However, integrating AR into education is not without challenges. The cost of
technology, the need for teacher training, and the potential for cognitive overload among
students are significant considerations that educators must address. Despite these
challenges, the growing body of evidence suggests that AR, particularly marker-based AR,
holds considerable promise for enhancing educational outcomes in primary education.



2.2 Gamification in Education

Gamification, defined as the use of game design elements in non-game contexts, has been
increasingly adopted in educational settings to enhance student motivation and engagement.
By incorporating elements such as points, badges, and leaderboards, gamification aims to
make learning activities more engaging and rewarding, thereby motivating students to
participate more actively. Research in educational technology has consistently highlighted the
positive impact of gamification on student motivation and learning outcomes. A meta-analysis
by Li et al. (2023) reported that gamification significantly improves student engagement and
learning performance across various educational contexts. In the context of STEM education,
Ortiz-Rojas et al. (2019) found that gamification, through the use of leaderboards and
competition, enhanced student motivation and led to better academic performance in
engineering courses. Gamification not only promotes active learning but also fosters a sense
of achievement and progress, which are crucial for maintaining student interest in subjects like
science.

Despite its benefits, the application of gamification in education must be carefully
designed to avoid potential drawbacks, such as over-reliance on extrinsic rewards, which may
diminish intrinsic motivation over time (Funa et al., 2021). Additionally, the effectiveness of
gamification can vary depending on the design of the game elements and the specific
educational context in which they are applied.

2.3 The Integration of AR and Gamification in Science Education

The combination of AR and gamification represents a promising approach to enhancing
science education, particularly at the primary school level. By merging the interactive,
immersive capabilities of AR with the motivational benefits of gamification, educators can
create learning environments that are both engaging and effective in promoting deep
conceptual understanding. Weng et al. (2024) investigated the effects of a gamified AR
approach on vocational high school students' learning outcomes and motivation in an
electronics course. The study found that the integration of AR with gamification not only
improved students' understanding of complex scientific concepts but also increased their
intrinsic motivation to engage with the material. This suggests that the combined approach is
particularly effective in contexts where visual and interactive elements can aid in the
comprehension of abstract concepts.

Additionally, research by Pedaste et al. (2020) proposed a framework for contemporary
inquiry-based AR learning, emphasizing the potential of AR to support inquiry-based learning
environments that foster higher-order thinking and scientific inquiry. The study highlighted the
effectiveness of AR in creating immersive learning experiences that encourage students to
explore scientific concepts actively and collaboratively, further enhanced by the motivational
aspects of gamification. The integration of AR and gamification in primary science education
offers a novel approach to addressing the challenges associated with traditional teaching
methods. By providing students with engaging, interactive, and personalized learning
experiences, this combined approach has the potential to significantly improve both
conceptual understanding and motivation.

3. Methods

This study utilized a pre-experimental pre-test post-test design to assess the effect of marker-
based Augmented Reality (AR) on primary students' understanding of phase changes in
matter and their motivation to learn. The pre-test post-test design was selected to provide a
comparative analysis of students' conceptual understanding and motivation before and after
the intervention as showed in figure 1, thereby measuring the efficacy of the AR-based
instructional approach.
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Figure 1. The research design of this study

3.1 Participants

The study was conducted with 46 primary school students, consisting of 29 males and 17
females, aged 9 to 10 years, from a school in the Northeastern region of Thailand. All
participants had prior experience with mobile learning in science, which ensured their
familiarity with digital learning tools—an important prerequisite for the effective implementation
of the AR intervention. The selection of this age group was intentional, as it focused on
students at a developmental stage where foundational scientific concepts are typically
introduced, and where motivation plays a crucial role in academic success.

3.2 Research Instruments

To evaluate the outcomes of the intervention, two research instruments were employed
including, a conceptual understanding test and a learning motivation questionnaire. The
conceptual understanding test, consisting of 10 items, was designed to assess students'
knowledge of phase changes in matter, covering key concepts such as states of matter, and
the processes of melting, freezing, condensation, and evaporation. In addition, the learning
motivation questionnaire was adapted from the framework developed by Pintrich et al. (1991)
and was customized to measure students' intrinsic motivation, extrinsic motivation, and self-
efficacy in learning and performance. The questionnaire included 16 items, distributed across
three dimensions: intrinsic motivation (4 items), extrinsic motivation (4 items), and self-efficacy
for learning and performance (8 items). Each item was rated on a 5-point Likert scale, ranging
from 1 (strongly disagree) to 5 (strongly agree). Sample items included statements such as,
"In a class like this, | prefer course material that arouses my curiosity, even if it is difficult to
learn" for intrinsic motivation, "Getting a good grade in this class is the most satisfying thing"
for extrinsic motivation, and "I’'m confident | can do an excellent job on the assignments and
tests in this course" for self-efficacy. The original Cronbach’s alpha for the questionnaire was
0.79, indicating a high level of internal consistency.

3.3 Materials

The Augmented Reality along with a set of two paper blocks was recommended to be a
suitable mobile AR device in science classroom (Yang, Mei, & Yue, 2018). In this study, an
Augmented Reality (AR) application was developed and utilized to facilitate the teaching of
phase changes in matter to primary students. The AR system was designed to work in
conjunction with physical markers placed on two paper blocks, which students could
manipulate to explore different scientific concepts related to phase changes. The AR
application was accessed through mobile devices, such as tablets or smartphones, allowing
students to scan the physical markers using the device's camera. The application was
designed to recognize these markers and generate a corresponding 3D visualization on the
device’s screen, creating an interactive learning experience as showed in figure 2.

The two paper blocks served as the primary interactive components in the AR
experience. Each face of these blocks contained a unique marker that represented different
factors related to the phase changes of matter. For instance, the markers symbolized the three
states of matter—solid, liquid, and gas—as well as the processes of adding or removing heat
energy, which are critical to understanding phase transitions. When students attached the two
blocks together, aligning specific markers, the AR application would trigger a visual



representation of the corresponding phase change on the device’s screen. For example, if
students aligned markers representing a solid state and the addition of heat, the AR would
display the process of melting, showing the transition from solid to liquid. The visualizations
were accompanied by relevant data, such as temperature changes, to further enhance the
educational experience.
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Figure 2. The example illustration of blocks of phases changing in AR

3.4 Data Collection and Analysis

The data collection was designed to evaluate both the cognitive and motivational effects of
the instructional approach, which integrated inquiry-based learning (IBL) with gamification and
marker-based augmented reality (MBAR). The study included 46 fourth-grade students, and
employed a pre-test and post-test design to measure learning outcomes and shifts in
motivation. Initially, a 15-minute science concept test focusing on the phase changes of matter
was administered to assess the students' baseline understanding of concepts such as melting,
freezing, evaporation, and condensation. Following this, a 15-minute motivation questionnaire
was conducted to measure the students' initial learning motivation in the subject.

The instructional phase (250 minutes), comprised a series of lessons structured within
the IBL framework, emphasizing active learning and student engagement. These lessons
incorporated gamification elements, such as group challenges, dice-rolling games, and AR
interactions in order to enhance the students' exploration of phase changes in matter, as
illustrated in Figure 3. Through marker-based AR technology, the students could visualize and
interact with 3D models representing different phase changes. These activities were
seamlessly integrated into the gamified learning process, where students worked in groups to
complete tasks, collect phase change cards, and record their findings on worksheets. The
instructional sessions were conducted over multiple periods, with each session building on the
previous one, aiming to deepen the students' understanding of the relationship between
temperature and changes in the state of matter, as well as the application of these concepts
to real-life scenarios.

At the conclusion of the instructional period, the same science concept test on phase
changes of matter was administered as a post-test, allowing for a direct comparison of the
students' knowledge before and after the intervention. Additionally, the motivation
guestionnaire was re-administered to detect any changes in the students' motivation towards
learning science. For data analysis, this study utilized the paired t-test to evaluate the effect
of this intervention on the participants’ scientific conceptual understanding. Moreover, to
measure the effect on their learning motivation, the repeated-measure MANOVA analysis
technique was used via IBM SPSS version 28.
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Figure 3. The Marker-based AR (MBAR) learning activities: A) the introduction to the lesson,
B) the challenge in gamification, C) the MBAR participation, D) the conclusion of the lesson.

4. Results
4.1 Science Concept on Phase Changes of Matter

According to the first research question, the results presented in Table 1 illustrate the
outcomes of the t-test analysis conducted to evaluate the impact of the instructional
intervention on students' understanding of phase changes in matter. The analysis compared
the mean scores of 46 students on a science concept test administered both before and after
the intervention.

Table 1. Results of The Science Concept on Phase Changes of Matter by Using t-test
Statistical Analysis

N Pre-test Post-test t-score _value
Mean S.D. Mean S.D. P
Science

- *%
concept 46 4.46 1.63 6.39 1.61 6.441 .001
Note: **p < 0.01

The results from the t-test analysis indicate a statistically significant improvement in
students' understanding of the science concept on phase changes of matter (t = -6.441,
p<.001). As shown in Table 1, the mean score for the science concept increased from 4.46
(SD = 1.63) in the pre-test to 6.39 (SD = 1.61) in the post-test. These findings suggested that
the instructional intervention was effective in enhancing students' conceptual understanding
of phase changes of matter.

In summary, the result indicated that the educational intervention was effective in
enhancing students' understanding of key science concepts, as evidenced by the statistically
significant improvement in their test scores.



4.2 The Learning Motivation

To answer the second research question, the results of the repeated-measure MANOVA
analysis was presented in Table 2. it provided insights into the effects of the instructional
intervention on students' learning motivation, specifically examining changes in intrinsic
motivation, extrinsic motivation, and self-efficacy in learning and performance.

Table 2. Results of The Learning Motivation by Using Repeated-measure MANOVA Statistical
Analysis

Pre-questionnaire Post-questionnaire
Scale (N = 46) (N=46) F-score  n?  p-value
Mean S.D. Mean S.D.
Intrinsic .
Motivation 13.63 3.73 14.85 2.72 6.367 0.124 .015
Extrinsic 14.54 2.61 15.72 2.70 9.427 0.173  .004*
Motivation
Self-efficacy
n Lgig"”g 26.11 6.36 29.48 508  17.222 0277 .000*
Performance

Note: *p < 0.05

The results of the analysis showed a significant increase in students' intrinsic
motivation after the intervention (F = 6.367, p< .05). The mean score for intrinsic motivation
improved from 13.63 (SD = 3.73) in the pre-questionnaire to 14.85 (SD = 2.72) in the post-
questionnaire. Additionally, the partial eta squared (n? = 0.124) suggests a moderate effect
size, demonstrating that the intervention positively impacted students' intrinsic motivation.

Similarly, the analysis revealed a significant enhancement in extrinsic motivation (F =
9.427, p< .05). The mean score for extrinsic motivation increased from 14.54 (SD = 2.61) in
the pre-questionnaire to 15.72 (SD = 2.70) in the post-questionnaire. The effect size (n? =
0.173) is moderate, indicating that the instructional approach effectively fostered students'
extrinsic motivation. Furthermore, the most considerable improvement was observed in
students' self-efficacy in learning and performance (F = 17.222, p< .05). The mean score
increased from 26.11 (SD = 6.36) in the pre-questionnaire to 29.48 (SD = 5.08) in the post-
questionnaire. The partial eta squared (n? = 0.277) indicates a large effect size, highlighting
the significant impact of the intervention in enhancing students' confidence and perceived
competence in their learning abilities.

In summary, the findings from the MANOVA analysis indicate that the instructional
intervention had a significant and positive impact on all three dimensions of learning
motivation: intrinsic motivation, extrinsic motivation, and self-efficacy. These results suggested
that the integration of inquiry-based learning, gamification, and augmented reality not only
improved students' scientific conceptual understanding with the subject matter but also
enhanced their overall motivation and confidence in their academic performance.

5. Discussion and Conclusion

This study presented the insights into the effects of Marker-Based Augmented Reality (MBAR)
combined with gamification on primary students' understanding of scientific concepts and their
motivation toward learning science. The remarkable improvement in students’ post-test scores
revealed that the integration of the intervention was effective in enhancing primary learners'
comprehension of scientific concepts, such as phase changes in matter. These findings are
consistent with prior studies by Wang (2022) and Rani et al. (2024), which demonstrated that
AR could facilitated the understanding of abstract concepts by making them more interactive
and immersive.



The observed increase in both intrinsic and extrinsic motivation further underscores
the motivational benefits of a gamified learning environment. The integration of challenges,
rewards, and competition within the MBAR technology illustrated to have successfully
engaged students, fostering a more positive attitude toward science learning. This is
supported by the findings of Li et al. (2023) and Ortiz-Rojas et al. (2019), who emphasized the
role of gamification in enhancing student motivation and engagement. Moreover, the
significant rise in students' self-efficacy, reflected in their increased confidence in learning and
performance. This suggested that the combination of AR and gamification not only aids in
knowledge acquisition but also reinforces students' belief in their academic abilities. These
outcomes align with Weng et al. (2024), who highlighted the effectiveness of this approach in
creating a more engaged and confident learning environment. Despite the absence of a control
group, the results show significant gains in both student engagement and learning outcomes.
This suggests that the AR with gamification approach is effective in promoting science
learning, even without the comparison of a traditional teaching. Moreover, the inclusion of a
control group in future studies will allow for a more comprehensive validation of these findings
and further highlight the approach effectiveness in diverse educational contexts.

In conclusion, this study demonstrates the effectiveness of integrating Marker-Based
Augmented Reality with gamification in primary science education. The significant
improvements in students' understanding and motivation highlighted the potential of these
technologies to enhance educational outcomes. Educators are encouraged to consider
adopting AR and gamification in their teaching practices to create more engaging and effective
learning experiences. Continued research in this area is essential to fully understand the
broader implications of these technologies and optimize their application in educational
settings.

6. Limitation

This study provides valuable insights into the effectiveness of Marker-Based Augmented
Reality (MBAR) combined with gamification in enhancing primary students' understanding of
scientific concepts and motivation. However, several limitations must be acknowledged.
Firstly, the study’s small sample size of 46 students from a single school in Northeastern
Thailand may limit the generalizability of the findings. The participants' specific cultural, socio-
economic, and educational backgrounds could introduce biases that may not reflect other
regions or contexts. Additionally, the students' prior familiarity with mobile learning may have
contributed to the positive outcomes, further limiting the applicability of the results to broader
populations. Secondly, the pre-experimental pre-test post-test design did not include a control
group, which limits the ability to attribute the observed improvements solely to the MBAR
intervention. While the study did not include a control group, the statistically significant
improvements observed in both students' conceptual understanding and motivation suggest
that the intervention had a meaningful impact. Although a control group would provide
additional rigor, the findings indicate that the AR and gamified elements contributed to
improved learning outcomes, which can be further validated through future studies.
Furthermore, the study focused on short-term cognitive and motivational outcomes, measured
immediately after the intervention. Long-term retention of knowledge and sustained motivation
were not assessed, leaving open questions about the persistence of the intervention's benefits
over time.

Future research should involve larger, more diverse samples, include control groups,
and incorporate follow-up assessments to examine long-term effects. Additionally, exploring
the applicability of MBAR in other subjects and educational settings will be essential for
understanding the full potential and scalability of this technology.
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