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Abstract: This study aimed to examine the effectiveness of Augmented Reality (AR) 
learning media developed using the Assemblr Edu application for teaching food chain 
concepts in Grade V elementary school IPAS learning. This research uses a development 
approach with the ADDIE model with qualitative and quantitative methods. 
Quantitative data were obtained through pretest and posttest scores, while qualitative 
Data collection was carried out by distributing questionnaires, interviews and 
observations. The effectiveness of the AR learning media was analyzed using a normality 
test, paired sample t-test, and N-Gain analysis. The results showed that the pretest and 
posttest data were normally distributed. The paired sample t-test revealed a significant 
difference between students’ learning outcomes before and after using the AR learning 
media. N-Gain analysis showed moderate to high level improvements in student 
learning outcomes. In addition, classical mastery learning increased substantially after 
the implementation of the media. The results of this study show that AR-based learning 
media using Assemblr Edu is effective in improving elementary school students' 
understanding of the concept of the food chain. Therefore, the AR learning media 
developed can be used as an alternative innovative learning method in science learning. 
particularly for abstract topics that require concrete and interactive visualization. 
 
Keywords: Assemblr edu; Augmented reality; Elementary school; Food chain; Learning 
outcomes 

  

Introduction  

 
To form superior human resources, a role in 

education is required. High-quality education is not 
solely oriented toward the mastery of knowledge but 
also toward the development of character, Creativity 
and the ability to adapt to changing times. This is in line 
with the National Education System Act Number 20 of 
2003, which states that education aims o foster the 
holistic development of students’ potential so that they 
emerge as individuals who are spiritually grounded, 
ethically sound, physically and mentally healthy, 
intellectually competent, creatively capable, 
independent in action, and accountable in their 
responsibilities (Qorimah et al., 2022). To achieve these 

objectives, learning processes must be designed 
systematically, relevantly, and in harmony with the 
development of science and technology. 

The rapid advancement of digital technology has 
brought significant changes to the field of education. 
Technology now plays a role not only as a tool, but has 
become a key element in designing more efficient 
solutions interactive, and meaningful learning 
experiences. These changes have influenced students’ 
ways of thinking, learning styles, and learning needs, 
thereby demanding innovation in learning strategies 
(Fatasya et al., 2023). One of the main challenges in 
education today is designing learning processes that can 
optimally enhance students’ learning independence and 
conceptual understanding. 

https://doi.org/10.29303/jppipa.v12i3.14270
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One strategy to improve the quality of learning is 
through the use of effective learning media, which 
functions as an intermediary in conveying learning 
messages from teachers to students, thereby helping to 
clarify the material presented. Well-designed 
instructional media can increase students’ motivation, 
attention, and understanding, while also fostering more 
active interaction among students, teachers, and 

learning resources (Firmadani, 2020; Muliyadi et al., 
2023; Munandar et al., 2024). Moreover, appropriate 
instructional media can overcome limitations of space 
and time and provide more concrete and meaningful 
learning experiences (Januarti et al., 2024; Pagarra et al., 
2022; Susilawati et al., 2025). 

In line with this, a study by Rahman et al. (2024)  
shows that student learning outcomes are significantly 
influenced by learning motivation. The analysis results 
show that motivation contributes 16.5% to learning 
achievement, while the remaining percentage is 
influenced by other factors such as teaching methods, 
learning environment, and parental involvement. This 
finding reinforces the notion that improving learning 
outcomes requires support both from within the 
students themselves and from their surrounding 
environment. 

Teachers play a central role in designing and 
implementing active, creative, and enjoyable learning 
processes. They are required to possess professional, 
pedagogical, and technological competencies in order to 
adapt learning to the demands of the modern era. 
Teachers’ creativity in utilizing instructional media 
greatly influences students’ learning motivation and 
learning outcomes. The use of information technology in 
learning has been proven to create more engaging and 
interactive learning environments (Istyasiwi et al., 2021). 

At the elementary school level, learning Natural 
and Social Sciences (IPAS) helps students more easily 
understand how the natural and social environment 
around them works. IPAS examines natural phenomena, 
living organisms, and human interactions in daily life. 
IPAS learning is contextual in nature and ideally 
involves concrete visualizations so that students can 
observe, ask questions, classify, and draw meaningful 
conclusions from the concepts learned (Rahayuningsih 
et al., 2022). 

One IPAS topic that is often perceived as difficult 
by elementary school students is the food chain. Food 
chain is defined as a sequential interaction among 
organisms in which energy and nutrients are transferred 
through processes of consumption and predation, which 
illustrates interdependence within an ecosystem. 
Understanding the concept of food chains is essential 
because it helps students comprehend ecosystem 
balance and the roles of each organism within it 
(Alexandra, 2022).  However, due to its abstract nature, 

this topic is often difficult for students to understand 
when it is delivered solely through lectures or two-
dimensional media such as textbooks. 

The results of initial observations and interviews 
conducted in Class V A of SDN Kalibanteng Kidul 01 
indicate that most students experience difficulties in 
understanding food chain material. Daily assessment 
data show that approximately 59% of students have not 

yet achieved learning mastery. Students still struggle to 
distinguish the roles of producers, primary consumers, 
secondary consumers, and decomposers. This condition 
indicates that the learning process has not been fully 
effective in bridging abstract concepts with concrete 
learning experiences. 

One contributing factor to the low learning 
outcomes is the continued use of conventional 
instructional media. Learning that relies primarily on 
textbooks and two-dimensional images has not been 
able to provide clear visualizations of natural processes 
and systems, such as food chains. If this condition 
persists, it may negatively affect students’ conceptual 
understanding and learning outcomes (Musyaffa et al., 
2024). It is very important to have innovation in learning 
media in the current digital era, which is expected to 
encourage students' motivation to learn and make it 
easier for students to understand learning materials 
more deeply (Wartoyo et al., 2023). Augmented Reality 
(AR) is a learning medium that can help students 
understand learning more easily, where there are virtual 
elements, either two or three dimensions, above the real 
world and displays them in real time, enabling 
interactive and immersive learning experiences. 
(Firdanu et al., 2020). 

Numerous studies have shown that Augmented 
Reality–based instructional media are effective in 
science learning. AR can present three-dimensional 
visualizations that support the understanding of 
abstract concepts and increase student engagement in 
the learning process (Amdani et al., 2022). AR media also 
offer advantages such as interactivity, ease of use, and 
the potential to enhance students’ focus and learning 
motivation (Qorimah et al., 2022).  

In previous research, it has been proven that the 
integration of Augmented Reality in teaching the 
concept of the food chain improves students' conceptual 
understanding and has a positive effect on learning 
outcomes. Handayani et al. (2023) reported that AR-
based food chain learning is more effective than 
conventional learning methods. Other studies have also 
emphasized the need for developing AR-based media to 
enhance elementary school students’ conceptual 
understanding (Qorimah et al., 2022). In addition, AR-
based learning media have been shown to increase 
students’ learning motivation and focus (Ni’mah et al., 
2023). 
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One platform that can be utilized to develop AR-
based instructional media is the Assemblr Edu 
application. Assemblr Edu is an Augmented Reality–
based learning platform that enables teachers and 
students to create and access AR content easily without 
requiring advanced programming skills (Chairudin et 
al., 2023). Through this application, food chain material 
can be visualized in the form of three-dimensional 

objects that can be directly observed using smartphones. 
In addition to enhancing conceptual understanding, the 
use of Assemblr Edu also contributes to improving 
students’ digital literacy from an early age (Arahman et 
al., 2026). 

Based on the theoretical and empirical review, so it 
is proven that learning media with Augmented Reality, 
especially through the use of the Assemblr Edu 
application, has significant potential to improve the 
learning outcomes of elementary school students. 
However, the development of AR-based media that is 
specifically tailored to the characteristics However, the 
utilization of such technology among fifth-grade 
students in learning food chain concepts remains 
limited. Therefore, the development of this learning 
media is an innovative solution to improve the learning 
outcomes of class V A students at SDN Kalibanteng 
Kidul 01 in science learning in the digital era. 

 

Method  
 
Research Design 

This research uses a development design (R&D) 
with a mixed approach, which consists of quantitative 
and qualitative data, which aims to see the effectiveness 
of Augmented Reality (AR) media developed using the 

Assemblr Edu application to improve student learning 
outcomes in the food chain material. Quantitative data 
were obtained through pretest and posttest scores. 
Meanwhile, the qualitative approach was applied to 
analyze data from observations, questionnaires, and 
interviews to gain an in-depth understanding of the 
development process and users’ responses to the media. 

The research stages are carried out by conducting 
Analysis, Design, Development, Implementation, and 
Evaluation according to the provisions of the ADDIE 
model. and was chosen because it provides a systematic 
and structured framework for the effective development 
and evaluation of instructional media within an 
educational context. 

 
Research Procedure 

The development process was guided by the 
ADDIE instructional model. During the initial phase, an 
analysis of learning needs was undertaken by examining 
classroom conditions through direct observation, 
conducting interviews with the class teacher, and 

collecting students’ responses using questionnaires. This 
stage aims to identify learning problems, the need for 
interactive learning media, and students' difficulties in 
understanding the concept of the food chain. 

During the design phase, learning objectives were 
defined, relevant food chain materials were determined, 
and initial storyboards were developed. In addition, the 
interface layout and instructional flow of the AR-based 

media were planned using the Assemblr Edu platform, 
with careful consideration given to the learning 
characteristics and developmental level of fifth-grade 
elementary students 

Three-dimensional models are created during the 
development stage, AR learning media, arranging 
instructional narratives, and setting interactive features 
within the application. The developed product was then 
validated by material experts and media experts to 
assess content accuracy, visual quality, and usability. 
Revisions were made based on expert feedback. 

During the implementation phase, the revised 
media was tested in classrooms through both large-scale 
and small-scale trials. The small-scale trials served to 
identify technical issues and initial user understanding. 
Meanwhile, this large-scale trial involved all students in 
the class with the aim of analyzing whether the learning 
media was effective in real classroom conditions. 

The concluding phase focused on both formative 
and summative evaluation procedures. Formative 
evaluation was implemented continuously during the 
development stages to support ongoing refinement of 
the media, whereas summative evaluation was 
performed by examining differences between students’ 
pretest and posttest scores, along with analyzing 
feedback obtained from students and the classroom 
teacher regarding the AR-based learning media. 

This study used the ADDIE development model, 
which consists of: Analysis, Design, Development, 
Implementation, and Evaluation. which was applied 
sequentially in refining, guiding, and assessing 
Augmented Reality-based learning media with the help 
of the Assemblr Edu platform. Figure 1 below will 
explain the research procedure. 

As shown in Figure 1, the analysis stage focused on 
identifying learning problems and media needs through 
observations, interviews, and questionnaires. The 
design stage involved preparing learning objectives, 
content, and media layouts. The development stage 
included creating AR content and validating the product 
with experts. The implementation stage is carried out 
with large-scale and small-scale tests, while the 
evaluation stage examined the effectiveness of the media 
through learning outcomes and user responses. 
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Figure 1. Research procedure based on the ADDIE 

development model 
 

Research Setting and Participants 
This research was conducted at SDN Kalibanteng 

Kidul 01, Semarang, Central Java, in the 2025/2026 
academic year in the first semester. The participants 
consisted of fifth-grade students. Saturated sampling 
was used due to the limited number of students. 

The small-scale test consisted of seven students, 
and the large-scale trial consisted of all 28 students. In 
addition, the classroom teacher and expert validators, 
consisting of media and subject-matter experts, 
participated as data sources for the validation and 
evaluation processes. 

 
Data Collection Techniques and Instruments 

Testing and non-testing methods are carried out to 
collect data. The testing method involved administering 
pretests and posttests to assess student learning 
outcomes before and after implementing AR-based 
learning media. Non-testing methods included 

interviews, documentation, observation, and 
questionnaires. 

Pretest and posttest question sheets, as well as 
observation sheets were used as instruments in this 
study, validation questionnaires for experts, response 
questionnaires for teachers and students, and interview 
guidelines. These instruments were developed to obtain 
data on learning outcomes, media feasibility, usability, 
and user responses. 

Data Analysis 

Quantitative data analysis was carried out using 
descriptive and inferential statistical methods. A 
normality test was conducted as a prerequisite for 
parametric analysis. The level of effectiveness of AR-
based learning media was analyzed using a paired t-test 
to identify differences in scores between before and after 
using the media. In addition, N-Gain analysis was 
employed to measure the level of improvement in 
students’ learning outcomes. 

Qualitative data obtained from observations, 
interviews, and questionnaires were analyzed 
descriptively to support the quantitative findings and 
provide a complete picture regarding the 
implementation and level of success of the media that 
has been designed. 

 

Result and Discussion 
 
Research Findings 

This study investigates the effectiveness of 
Augmented Reality (AR) learning media designed with 
the Assemblr Edu platform to teach the concept of the 
food chain in fifth grade science learning at the 
elementary school level. Before presenting the statistical 
analysis results, this section provides an overview of the 
AR learning media that has been developed, including 
its instructional content, interactive features, and design. 
The evaluation is based on a statistical examination of 
student learning outcomes measured before and after 
the media's implementation. 

 
Profile of Augmented Reality (AR) Learning Media 

Augmented Reality (AR) based learning media has 
several components, namely: (1) three-dimensional (3D) 
visualizations of food chain components, (2) narrative 
text explanations accompanying the displayed objects, 
and (3) audio explanations to support students’ 
understanding of the material. All media components 
were developed using the Assemblr Edu application, 
with the process of designing and editing visual content 
assisted by Canva to enhance the visual appeal and 
clarity of the media, as shown in the following figure.

 

  
Figure 2. Visualization of the augmented reality (AR) food chain in the desert ecosystem 
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Figure 3. Visualization of the augmented reality (AR) food chain in the forest ecosystem 

 

  
Figure 4. Visualization of the augmented reality (AR) food chain in the rice field ecosystem 

 

   
Figure 5. Visualization of the augmented reality (AR) food chain in the marine ecosystem 

 

 
 

Figure 6. Concrete food chain diorama of the forest ecosystem Figure 7. Concrete food chain diorama of the desert ecosystem 
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Figure 8. Concrete food chain diorama of the marine 
ecosystem 

Figure 9. Concrete food chain diorama of the rice field 
ecosystem 

This learning is also supported by concrete 
dioramas as additional learning media to complement 
digital and interactive Augmented Reality (AR) based 
learning media. The diorama was developed to provide 
a more tangible representation of the structure and 
relationships among organisms within the food chain, 

thereby helping students strengthen their 
understanding of concepts obtained through AR 
visualization. The appearance of the concrete diorama as 
supplementary learning media is presented in the 
figures 6, 7, 8 and 9.

 

     

     
Figure 10. Appearance of the pocket guidebook for using augmented reality (AR) learning media 

 
Normality Test 

A normality test was conducted to verify that the 
learning outcome data met the assumptions of 

parametric statistical analysis. The Shapiro-Wilk test 
was used for samples less than 50.
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Table 1. Normality Test Results of Pretest and Posttest Scores (Small-Scale Trial) 
Case Processing Summary 

 Cases 

Valid Missing Total 

N Percent N Percent N Percent 

Pretest 7 100.0% 0 0.0% 7 100.0% 
Posttest 7 100.0% 0 0.0% 7 100.0% 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Pretest .268 7 .137 .867 7 .173 
Posttest .202 7 .200* .891 7 .282 

 
Table 2. Normality Test Results of Pretest and Posttest Scores (Large-Scale Trial) 

Case Processing Summary 

 Cases 

Valid Missing Total 

N Percent N Percent N Percent 

Pretest 28 100.0% 0 0.0% 28 100.0% 
Posttest 28 100.0% 0 0.0% 28 100.0% 

Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Pretest .132 28 .200* .947 28 .166 
Posttest .113 28 .200* .950 28 .198 

The results indicated that the significance values 
(Sig.) of pretest and posttest scores in the small-scale trial 
were 0.173 and 0.282, respectively, while in the large-
scale trial they were 0.166 and 0.198. Because all 
significance values > 0.05, in the pretest and posttest in 
both experiments, the data were normally distributed. 
Therefore, parametric statistical tests could be 
appropriately applied in subsequent analyses. 

 
Mean Difference Test (Paired Sample t-Test) 

This test is used to identify statistically significant 
differences between student learning outcomes before 

and after the implementation of AR-based learning 
media through the Assemblr Edu application.  

Based on a small-scale trial, the Sig. (2-tailed) value 
was 0.000 < 0.05, a significant difference was found 
between the pretest and posttest scores. The average 
score increased from 57.85 to 88.85. In the large-scale 
trial, a significant (2-tailed) score of 0.000 was obtained, 
meaning there was a statistically significant difference in 
the pretest and posttest results. There was an increase in 
the average student score, which was initially 60.89 in 

the pretest, then 97.67 in the posttest. 

 
Table 3. Results of the Paired Sample t-Test in the Small-Scale Trial 

Paired Samples Test 

 Paired Differences t df sig. (2-
tailed) Mean Std. 

Deviation 
Std. Error 

Mean 
95% Confidence interval of the difference 

Lower Upper 

Pairl Pretest-posttest 31.00000 5.68624 2.14920 36.25890 25.74110 14.424 6 .000 

 
Table 4. Results of the Paired Sample t-Test in the Large-Scale Trial 

Paired Samples Test 

 Paired Differences t df sig. (2-
tailed) Mean Std. 

Deviation 
Std. Error 

Mean 
95% Confidence interval of the difference 

Lower Upper 

Pairl Pretest-posttest 26.78571 12.40775 2.34485 31.59694 21.97449 11.423 27 .000 

The application of Augmented Reality learning 
media with the help of the Assemblr Edu platform has a 
significant positive effect on improving student learning 
outcomes. 

Learning Gain Analysis (N-Gain) 
To measure the magnitude of learning 

improvement, an N-Gain analysis was conducted. The 
results of the small-scale N-Gain trial were 0.7554 
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(75.54%), with a high category, meaning that AR 
learning media is very effective in improving students' 
conceptual understanding in small group learning. 

In the large-scale trial, the N-Gain value was 0.6850 
(68.5%), categorized as moderate. Despite being 
classified as moderate, this value reflects a substantial 

and consistent improvement in learning outcomes at the 
class level. Overall, the N-Gain results show that 
Assemblr Edu-based AR learning media is successful in 
improving students' understanding of the food chain 
concept. 

 

Table 5. N-Gain Results of the Small-Scale Trial 
Pretest Average Posttest Average Average Difference N-Gain N-Gain % Criteria 

57.85 88.85 31 0.7554 75.54% High 

 

Table 6. N-Gain Results of the Large-Scale Trial 
Pretest Average t Posttest Average Average Difference N-Gain N-Gain % Criteria 

69.89 97.67 27.78 0.6850 68.5% Medium 

 
In addition to improving students' average grades, 

this also reflects the effectiveness of the learning media. 
In large-scale trials, only 7.14% of students met the 
mastery criteria, with most students failing to achieve 
the expected learning standards. After implementing 
AR-based learning media, learning mastery reached 
100%. This represents an increase of 92.85%, indicating 
that the developed media successfully enabled all 
students to achieve the required learning objectives. 

The improvement in learning outcomes can also be 
seen from the change in score distribution, where the 
posttest result was 77, an increase from the previous 
posttest which was only 24, while the highest score 
improved from 90 to 100. Overall, it can be seen that this 
media also supports students who have low initial 
abilities, not only providing benefits for students who 
already have good achievements. 

The small-scale trial exhibited a pattern consistent 
with the large-scale trial. Students’ average scores 
increased significantly, and mastery learning reached 
100% in the posttest. The consistency of the results in 
both trials indicates that the successful implementation 
of AR-based learning media is stable and feasible for use 
in a wider classroom environment for science learning 
on the topic of the food chain. 

 
Visualization of Learning Outcomes 

To compare the pretest and posttest results, they are 
presented with a bar graph depicting the increase in 
score, minimum, maximum and average value. The 
visual representation shows that student learning 
outcomes experienced a significant increase after the 
implementation of AR-based learning media, 
accompanied by a significant increase in classical 
mastery from 7.14% to 100% in large-scale trials. 

 
Discussion 

This discussion focuses on the interpretation of 
research findings related to the success of Assemblr Edu-
based Augmented Reality learning media in influencing 

student learning outcomes in the science food chain 
material. 

Based on the results of the normality test, it was 
found that the data was normally distributed, providing 
a strong foundation for the use of parametric statistical 
analysis. This indicates that the observed improvement 
in students’ learning outcomes was not due to data 
irregularities but rather to the instructional intervention 
applied. Consequently, the effectiveness of the 
developed AR learning media can be evaluated 
objectively and scientifically. 

The main finding in this study was that in small and 
large scale trials, significant differences were found in 
both the pretest and posttest. The paired sample t-test 
results, which yielded a significance value of 0.000, 
indicate that the use of AR-based learning media using 
Assemblr Edu contributes significantly to student 
learning outcomes. The notable increase in average 
scores suggests that AR media effectively supported 
students in understanding food chain concepts that are 
typically abstract and difficult to grasp. 

This improvement can be attributed to the 
characteristics of three-dimensional objects in 
Augmented Reality media, namely interactive 
visualization, integration between digital content and 
concrete dioramas. Through this approach, students not 
only receive information verbally but also engage in 
visual and kinesthetic learning experiences. These 
results align with Edgar Dale's Cone of Experience 
theory, where learning experiences with multisensory 
and concrete engagement lead to deeper and more 
meaningful understanding. 

The N-Gain results revealed a high improvement 
category in the small-scale trial and a moderate category 
in the large-scale trial. This difference can be explained 
by the more intensive interaction between students, 
teachers, and learning media in small-group settings, 

which allows for more optimal use of AR features. 
Nevertheless, the moderate N-Gain value in the large-
scale trial still demonstrates strong instructional 
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effectiveness, as all students achieved mastery learning 
after using the AR-based media. 

The effectiveness of Augmented Reality-based 
learning media in improving the understanding of 
science concepts in elementary school students has also 
been proven in previous research. AR technology 
supports the conversion of abstract content into more 
concrete, interactive, and easily understood learning 

experiences. Furthermore, the incorporation of AR 
increases students’ learning motivation and 
engagement, which ultimately leads to improved 
academic achievement. 

Another advantage of this learning media lies in its 
suitability to the Discovery Learning learning model. 
Students are encouraged to observe, explore, and 
independently discover food chain concepts through 
direct interaction with AR objects. This process fosters 
critical thinking skills and promotes active student 
engagement during the learning process. 

empirically and theoretically based on the results of 
observations in the learning process and based on 
statistical results, this media has been proven to be 
effective, where the media has a significant increase in 
student learning outcomes on the science food chain 
material, both in small-scale and large-scale trials 
consistently. 

Therefore, the application of this media is 
recommended as an alternative innovative learning 
method in elementary science education, especially in 
materials such as food chains which require concrete 
and visual representation. 

 

Conclusion  

 
Based on the research results, it can be concluded 

that Augmented Reality-based learning media designed 
with the Assemblr Edu application is suitable and 
successful for elementary school students in the food 
chain material, science subjects. The media integrates 
three-dimensional visual representations, animations, 
textual explanations, audio support, and clear user 
guidance, thereby facilitating a more concrete, 
interactive, and engaging learning experience for 
students. Expert validation results demonstrate that the 
media achieves very high feasibility in terms of content 
accuracy and instructional design. In addition, the 
implementation of the AR-based learning media led to 
an improvement in students’ learning outcomes, as 
indicated by higher posttest scores compared to pretest 
scores with a moderate gain category. The results of this 
study prove that AR-based learning media using 
Assemblr Edu effectively improves students' conceptual 

understanding and learning achievement in food chain 
material, and can therefore serve as an innovative 
instructional solution to support IPAS learning in 

elementary education, particularly for abstract concepts 
through interactive, technology-enhanced learning 
environments. 
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