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Abstract: This study aims to develop, test the feasibility, practicality, and 
effectiveness of e-teaching materials integrated with ethnoscience assisted by 
Augmented Reality (AR) in improving student learning outcomes. The type of 
research used is Research and Development (R&D) with the ADDIE model which 
includes the stages of analysis, design, development, implementation, and 
evaluation. The results of the study indicate that the developed e-teaching materials 
are declared very feasible based on validation by material, language, and media 
experts with an average score of 89%. The practicality of the media is demonstrated 
through the responses of teachers and students who are in the very positive category, 
with a percentage of 97% of teachers and 86% of students. The effectiveness of e-
teaching materials is proven through the results of the paired sample t-test which 
shows a significance value of 0.000 (<0.05), which means there is a significant 
difference between learning outcomes before and after using the media. In addition, 
the results of the N-Gain test of 0.67 indicate a moderate category, which indicates an 
increase in student learning outcomes. Thus, the integrated ethnoscience e-teaching 
materials assisted by Augmented Reality are declared feasible, practical, and effective 
for use in science learning for grade IV elementary schools, especially on the material 
of states of matter and their changes. 
 
Keywords: Augmented reality; E-teaching materials; Ethnoscience; Learning 
outcomes; Science 

  

Introduction 
 
Based on the latest Decree of the Ministry of 

Primary and Secondary Education of the Republic of 
Indonesia Number 1 of 2026 (Kemendikdasmen, 2026), 
the Independent Curriculum (Curriculum Merdeka) is 
established as the standard reference for the learning 
process in Basic Education in Indonesia, which is 
student-centered, contextual, and meaningful. In line 
with this, the implementation of deep learning is a 
highly relevant approach because it encourages students 
to understand concepts in depth through analysis of 
real-life problems and creative solutions (Lei Pan & 

Songco, 2023; Mystakidis, 2021; Weng et al., 2023). This 
deep learning demands a high level of cognitive 
engagement and reflective skills for sustainable learning 
(De Sarkar, 2023). This urgency is further strengthened 
in the context of developing 21st-century competencies, 
including communication, collaboration, critical 
thinking, and creativity (the 4Cs), as preparation for 
facing complex global dynamics. In the context of 
Natural and Social Sciences (IPAS) subjects in 
elementary schools, the application of in-depth learning 
through the integration of local culture or ethnoscience 
provides an authentic learning resource (Zuschaiya et 
al., 2024).  

https://doi.org/10.29303/jppipa.v12i6.15165
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The use of technology in IPAS is also crucial for 
presenting material visually and interactively and 
fostering understanding of abstract concepts, enabling 
local character to be integrated with global 
developments. However, in practice, significant 
challenges remain, as learning approaches do not fully 
engage students actively (Masbukhin & Sausan, 2023; 
Nurdiyanti et al., 2024). Learning strategies that 
encourage active participation are essential to improve 
motivation and improve learning outcomes, which are 
still suboptimal, particularly given the limited 
availability of learning resources in various educational 
institutions.  A clear gap is found in the field, where the 
use of learning media is still conventional, dominated by 
text without adequate visualization, making it less 
effective in fostering in-depth conceptual understanding 
(Imron et al., 2024). Research by Masruroh et al. (2020) 
shows a lack of teacher innovation and minimal 
integration of local knowledge in science and science, 
even though these aspects have the potential to create 
meaningful learning (Widayati et al., 2023). This 
condition is reflected in the results of the 2022 PISA 
(PISA) which showed a low scientific literacy score of 
383 for Indonesian students, indicating that learning is 
still oriented towards memorization.  

However, the integration of ethnoscience has been 
proven effective in bridging the gap between school 
science and everyday knowledge (Wahyuningtyas et al., 
2023) and strengthening students' critical thinking skills. 
Specific problems were identified in grades IVA and IVB 
at Muhammadiyah Elementary School in Kebumen, 
where a preliminary study showed that only 7% of 
students enjoyed science. Ninety-five percent of 
students disliked the topic of states of matter and their 
changes because the material was difficult to understand 
(61%) and the presentation was uninteresting (11%). 
Furthermore, teachers still rely entirely on government-
printed textbooks without contextual modification, even 
though 57% of students stated that learning resources 
were limited to text. Although 85% of students own 
smartphones, their use is not optimal for learning, as 
they are primarily used for entertainment, spending 
more than four hours a day. However, 95% of students 
expressed a strong interest in using smartphones as 
learning aids. This situation resulted in low learning 
outcomes, with 76% of grade IVA students and 71% of 
grade IVB students failing to achieve the minimum 
grade point average (KKTP) (75) on the state of matter 
topic. In response to these issues, innovation is needed 
in the form of integrated ethnoscience-assisted science e-
teaching materials using augmented reality (AR).  

The use of digital learning materials provides a 
more immersive and enjoyable learning experience 
(Malahayati & Zunaidah, 2021). E-learning materials are 
systematically designed to facilitate competency 

achievement in the digital era. Ethnoscience plays a role 
in integrating local culture as a contextual approach 
(Zidny & Eilks, 2022), while AR technology extracts 
intuitive and abstract learning content for easy 
understanding (Sri Asmini et al., 2025). AR-based media 
has been shown to significantly increase learning 
outcome completion from 33% to 100% (Faiza et al., 
2022). This technology offers flexibility for students to 
set their own learning rhythm (Aina Almardiyah et al., 
2022; Ginanjar et al., 2024; Prabowo et al., 2024). The 
novelty of this research lies in the development of an E-
Science Teaching Material that synergizes local 
ethnoscience elements from Kebumen with AR 
technology in the form of an interactive digital book. 
Through an ethnoscience approach, students are invited 
to connect real-world phenomena, such as the 
transformation of liquid sap into solid sugar, with the 
scientific concept of states of matter. 

AR technology is implemented through QR codes 
that enable real-time visualization of 3D objects that can 
be rotated 360 degrees using a smartphone. The aim of 
this research is to produce valid, practical, and effective 
learning media to optimally improve learning outcomes, 
interest, and conceptual understanding of fourth-grade 
students at Muhammadiyah Elementary School in 
Kebumen. Thus, it is hoped that there will be a balance 
between mastery of science, scientific attitudes, and 
preservation of local wisdom in responding to the 
challenges of 21st-century education (Hikmawati et al., 
2022; Völkel & Nassenstein, 2022). 

 

Method 
 
This research is a Research and Development 

(R&D) study aimed at developing learning products and 
testing their effectiveness. The focus of this research is 
the development of integrated ethnoscience e-teaching 
materials using Augmented Reality for the Natural 
Sciences (IPAS) subject, focusing on the state of matter 
and its changes, for fourth-grade elementary school 
students. According to Lee et al. (2017), the Research and 
Development (R&D) method is a research method used 
to develop, test, and produce a specific product. The 
R&D process begins with the research phase, followed 
by the development phase. This method encompasses a 
series of steps, starting with the analysis of previous 
findings or research relevant to the product to be 
developed, followed by the design, development, 
testing, and revision processes to perfect the resulting 
product. This research uses the ADDIE development 
model, which consists of five main stages: Analysis, 
Design, Development, Implementation, and Evaluation. 
The ADDIE model was chosen because it has a 
continuous evaluative approach at each stage, so that the 
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development process not only runs systematically but 
also allows for continuous improvement (Branch, 2009). 
Furthermore, this model allows for evaluation of the 
integration between stages to ensure consistency and 
coherence in product development. The stages in the 
ADDIE model are presented in more detail in the 
illustration in Figure 1. 
 

 
Figure 1. ADDIE development stages  

 
The development of the ADDIE model consists of 

five main stages, implemented systematically and in 
stages. The first stage is analysis, which identifies 
potential and problems at the research site. This activity 
was conducted through observation, interviews, and 
documentation, including the collection of learning 
outcomes data from fourth-grade students. In addition, 
a questionnaire was distributed to assess student needs 
as a basis for planning the product to be developed. The 
analysis stage included problem identification, student 
characteristics, teacher needs for learning media, and a 
review of the teaching materials used. The analysis 
revealed obstacles in developing interactive teaching 
materials and utilizing digital media, resulting in poor 
student conceptual understanding of science (IPA) 
material, particularly regarding the states of matter and 
their changes. This situation was also influenced by 
learning that was still oriented towards memorization. 
Therefore, e-learning materials were developed using 
Augmented Reality based on concrete examples to 
support more contextual learning. The second stage was 
design, which aimed to develop learning media in the 
form of e-learning materials integrated with 
ethnoscience using Augmented Reality.  

The design process was based on the results of an 
analysis of teacher and student needs through 
interviews and questionnaires. The e-learning material 
design was developed using the Canva platform, while 
the Augmented Reality objects were created using the 
Assemblr Edu application. Next, the e-learning material 
was integrated with the Augmented Reality feature via 
a QR code. The designed product was then validated by 
lecturers from Semarang State University, who served as 
validators, consisting of subject matter, language, and 

media experts. The validation process used an 
assessment instrument with a Likert scale of 1–4. The 
third stage was development, which involved creating a 
product in the form of an e-learning material integrated 
with ethnoscience and augmented reality that can be 
accessed via smartphone devices. Product development 
was based on the results of the needs analysis and input 
from validators and practitioners. The product was 
designed with attention to language, content, and media 
design aspects aligned with the Learning Outcomes (CP) 
and Learning Objectives (TP) for the topic "States of 
Matter and Their Changes" for fourth-grade elementary 
school Phase B. The final product is a digital book in 
flipbook format that can be accessed online and scanned 
using the Assemblr Edu application, Google Lens, or a 
smartphone's built-in scanner. After the development 
stage, design validation was conducted to ensure 
product feasibility before implementation. The fourth 
stage was implementation, which involved product 
trials with students.  

The study population consisted of 36 fourth-grade 
students from Kemijen 02 and Kemijen 03 Public 
Elementary Schools. The trials were conducted in two 
stages: a small group of 15 students (grade IVA) and a 
large group of 21 students (grade IVB) using a purposive 
sampling technique. Data collection was conducted 
through pretests and posttests to measure the product's 
effectiveness on student learning outcomes. The 
learning process utilized a Problem-Based Learning 
(PBL) model to encourage active student engagement 
through contextual problem-solving. The data types in 
this study consisted of qualitative and quantitative data. 
Qualitative data were obtained through observations, 
teacher interviews, and student response 
questionnaires. Meanwhile, quantitative data were 
obtained from the results of pretests and posttests on the 
topic of states of matter and their changes. The research 
design used was a pre-experimental one-group pretest-
posttest design, comparing conditions before and after 
treatment to determine the effect of product use. Data 
collection techniques included both test and non-test 
methods. The test consisted of 30 multiple-choice 
questions used in the pretest and posttest to measure 
student understanding. The questions were structured 
with the same indicators, but the narratives were 
differentiated to avoid memorization effects. All items 
underwent content validity and empirical validity 
testing using SPSS software. A summary of the item 
analysis results is presented in Table 1. 

Non-test techniques included interviews, 
questionnaires, observation, documentation, and 
scorecards. Product feasibility was assessed through 
validation by subject matter, language, and media 
experts using a Likert scale of 1–4. Practicality was 
assessed through questionnaires comprising teacher and 
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student responses to the use of e-learning materials in 
learning. Effectiveness was assessed through analysis of 
pretest and posttest results. Data analysis began with a 
normality test using the Shapiro-Wilk method, followed 
by a paired samples t-test to identify significant 
differences, and an N-Gain test to measure 
improvements in student learning outcomes. The final 
stage was evaluation, which focused on assessing the 

effectiveness of the e-learning materials integrated with 
ethnoscience and augmented reality in enhancing 
student understanding. Evaluation was conducted 
through analysis of learning outcomes and teacher and 
student responses to product use. This stage aimed to 
provide feedback for product improvement and ensure 
its usefulness in elementary school learning. 

 
Table 1. Detailed Analysis Results of Validity, Reliability, Difficulty Level, and Distinctive Power of the Items 
Analysis Aspects Results 

Question Validity All 30 questions were declared valid with a correlation coefficient > 0.51 
Question Reliability The Cronbach's Alpha coefficient was 1.07 (very high) 
Question Difficulty Level  
Question Distinction Power - 27 questions: Moderate category 
Conclusion - 3 questions: Difficult category 

Result and Discussion 
 
Analysis Phase 

Based on the results of a preliminary study 
conducted at Muhammadiyah Elementary School in 
Kebumen, several problems were identified in science 
learning. Students tended to be less interested in science, 
particularly in the topic of states of matter and their 
changes, which they considered difficult to understand. 
This was due to the lack of concrete presentation of the 
material and the suboptimal connection of the material 
to the context of students' daily lives. Furthermore, the 
learning resources used were not fully aligned with 
students' needs. Teachers still tended to rely on 
government-published textbooks, such as teacher's and 
student's textbooks, as the primary learning resource. 
The use of supplementary media, such as YouTube 
videos, was not accompanied by an adaptation or 
modification process that took into account students' 
characteristics and needs. Although technological 
facilities, such as Wi-Fi, were available in every 
classroom, they were not optimally utilized to support 
interactive learning. 

In terms of learning implementation, students 
tended to be passive. This was evident in the dominant 
use of lecture methods by teachers and the low 
participation of students in question-and-answer 
sessions. These conditions resulted in low student 
engagement in the learning process, which ultimately 
impacted conceptual understanding. Learning outcome 
data shows that the level of student mastery is still low. 
In class IV A, as many as 16 out of 21 students (76%) have 
not achieved the Learning Objective Achievement 
Criteria (KKTP), while only 5 students (24%) have 
achieved mastery. Meanwhile, in class IV B, as many as 
15 out of 21 students (71%) have not achieved KKTP, and 
only 6 students (29%) have completed it, with a 
minimum mastery standard of 75. These findings 

indicate that the low level of student learning outcomes 
is inseparable from the lack of variety in learning media, 
presentation of material that is not yet linked to 
everyday life, minimal use of technology, and a learning 
approach that is still teacher-centered. 
 
Design and Development Stage 

After identifying the potential and existing 
problems, the next stage is designing and developing a 
solution. The solution developed in this research is an e-
learning material integrated with ethnoscience, aided by 
Augmented Reality, on the topic of states of matter and 
their changes, considering that student learning 
outcomes in this material still do not meet the Learning 
Objective Achievement Criteria (KKTP). The 
development of this e-learning material takes into 
account several important aspects, including ease of 
access, ease of use, attractive design, and suitability to 
student needs. The learning media is designed in the 
form of a digital book with an aesthetic and interactive 
display to increase student interest in learning. The 
developed product integrates three main components. 
First, digital e-learning material that can be accessed 
anytime and anywhere, and is equipped with learning 
materials and videos tailored to student characteristics. 
Second, ethnoscience integration, which links learning 
materials to local culture to make learning more 
contextual and meaningful. Through this approach, 
students are expected to more easily grasp concepts 
because they are linked to real-life experiences in their 
surroundings. Third, the use of Augmented Reality (AR) 
technology to visualize abstract concepts makes them 
easier for students to understand. AR technology 
enables the integration of digital information, such as 
images, video, audio, text, and three-dimensional (3D) 
objects, into a real-time environment. 

The AR content presented in this e-learning 
material highlights phenomena close to students' lives, 
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such as the process of making ice cream and making 
sugar from palm sap, which relate to the concept of 
changes in the state of matter. The AR feature is accessed 
through a QR code integrated into the e-learning 
material in flipbook format, so students can easily access 
it via their smartphones. This learning media is designed 
in accordance with the Learning Outcomes (CP) and 
Learning Objectives (TP) for the material on states of 
matter and their changes. Furthermore, the product 
design is also tailored to the characteristics of elementary 
school students, incorporating a combination of visual 
elements such as images, animations, videos, text, and 
3D objects to enhance learning motivation and 
understanding. The development process begins with 
the preparation of materials, design, and layout. Next, 
the product was created using several applications, 
namely Canva for e-learning material design and 
Assemblr Edu for Augmented Reality object creation. 
The integration of ethnoscience into this product was 
realized through the selection of local culture-based 
examples, particularly traditional foods relevant to the 
learning material. The final product of this learning 
media is a digital book in flipbook format that can be 
accessed online. This e-learning material can be accessed 
by scanning a QR code using the Assemblr Edu app, 
Google Lens, or a smartphone's built-in scanner. The 
components of this Augmented Reality-assisted e-
learning material consist of several parts, as follows. 
 

 
Figure 2. Cover page 

 

 
Figure 3. Cover page 

 
Figure 4. Material concept map 

 

 
Figure 5. CP and TP 

 

 
Figure 6. Integrated ethnoscience material page 

 

 
Figure 7. AR-assisted ethnoscience integrated material page 
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Figure 8. Back cover page 

 

 
Figure 9. Display of e-teaching materials using flipbook 

 

 
Figure 10. AR media with a process of changing the state of 

matter integrated with ethnoscience 
 

 
Figure 11. AR media with a process of changing the state of 

matter integrated with ethnoscience 

 
Figure 12. AR media with a process of changing the state of 

matter integrated with ethnoscience 

 
Implementation and Evaluation Phase 

The implementation phase was conducted through 
a product trial on a small group of 15 grade IV A 
students, conducted on April 18–19, 2026. During this 
phase, students were first given a pretest to determine 
their initial abilities. Next, the researcher explained the 
use of the integrated ethnoscience e-learning materials 
with Augmented Reality. Students then operated the e-
learning materials independently, including utilizing 
the Augmented Reality feature by scanning the QR 
codes provided in each section of the material. The 
results of the small group trial showed that students 
were able to use the media effectively and achieved high 
posttest scores. Furthermore, no significant obstacles 
were encountered in the use of the media, so the product 
did not require revision and was deemed suitable for 
further large-group trials. The large-group trial was 
conducted on 21 grade IV B students of Muhammadiyah 
Elementary School, Kebumen, on April 22–28, 2026. This 
phase aimed to test the product's effectiveness in 
improving student learning outcomes on a broader 
scale. The next stage was evaluation, which aimed to 
determine the effectiveness of the use of e-learning 
materials integrated with Augmented Reality-assisted 
ethnoscience. Data collection was conducted by 
distributing questionnaires to fourth-grade students and 
teachers. The student questionnaire consisted of 10 
items, while the teacher questionnaire consisted of 24 
items. Respondents were asked to provide answers by 
placing a checkmark (√) on the available options based 
on their experience using the learning media. The results 
of this evaluation were used to determine the level of 
practicality and acceptability of the product, as well as 
to provide a basis for improving the developed learning 
media. 
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Feasibility of E-learning Materials Assisted with Augmented 
Reality 

The feasibility of the developed product was 
determined based on validation results by linguists, 
material experts, and media experts, supported by 
feedback from students and teachers. The validation 
process was conducted by lecturers at Semarang State 
University to obtain assessments and input for product 
improvements. Aspects assessed in the development of 
e-learning materials integrated with Augmented 
Reality-assisted ethnoscience included language, 
material, and media components to ensure product 
quality and effectiveness. From a linguistic perspective, 
the sentences are structured simply, communicatively, 
and appropriately to the characteristics of elementary 
school students, facilitating understanding of the 
material. From a media perspective, the product is 
designed to be easily accessible, practical, and support 
flexible learning in various situations. 

Assessment by subject matter experts includes the 
appropriateness of the content to learning outcomes, 
clarity of learning steps, and the accuracy of the learning 
outcome assessment instruments. At this stage, the 
Augmented Reality-assisted e-learning materials 
received several suggestions for improvement, 
including adjusting the question grid to align with 
students' cognitive domains, aligning the learning 
syntax with the material presented, and summarizing 
the conclusion section to make it more effective and 
informative. Meanwhile, assessment by media experts 
covers aspects of visual appearance, media 
communication, interactive and engaging design, 
benefits of media use, and technical aspects of the 
software. This assessment aims to ensure that the e-
learning materials are not only effective in conveying 
material, but also engaging, easy to operate, and 
appropriate to students' needs. The validation results 
from subject matter and media experts are presented in 
Table 2.

 
Table 2. Results of the Feasibility Validation of Augmented Reality (AR)-Assisted E-Learning Materials 
Validator Category Indicators Percentage (%) Eligibility criteria 

Linguist Language used is appropriate to the students' thinking level 96  Very Worthy 
Language used complies with Indonesian grammar rules 

 
Materials Expert 

Display and visual communication of learning media  
 

94  

 
 

Very Worthy 
Learning media design 

Benefits of learning media 
Smooth presentation 

 
Media Members 

Suitability of materials  
100  

 
Very Worthy Learning steps 

Assessment 

Based on the validation results presented in Table 
2, the development of integrated ethnoscience e-
teaching materials using Augmented Reality was 
declared "very feasible" by three validators: a material 
expert, a language expert, and a media expert, for 
implementation with fourth-grade students at 
Muhammadiyah Elementary School in Kebumen. This 
assessment was obtained after the author made 
improvements based on the suggestions and input 
provided by the validators. The product revision process 
was carried out based on input from each validator. The 
material expert validator provided suggestions 
regarding adjusting learning objectives, rearranging the 
order of material presentation, and refining the 
discussion on states of matter and their changes to make 
it more systematic and aligned with learning outcomes. 
The language expert validator provided input on 
simplifying sentence usage for easier understanding by 
students, and improving the structure and language 
rules in the material explanations. Meanwhile, the media 
expert validator provided suggestions regarding the 
display aspect, specifically the selection of a more 

readable font, by replacing the previously comic-style 
font with a more formal, learning-appropriate font. After 
going through the revision stage, the developed product 
was then tested to determine the response of fourth 
grade students and teachers to the use of integrated 
ethnoscience e-teaching materials assisted by 
Augmented Reality on the material of states of matter 
and their changes. The responses were obtained through 
student and teacher response questionnaires used to 
assess the practicality and acceptance of the product in 
the science learning process. The following are the 
results of AR-assisted ethnoscience integrated e-
teaching materials before and after revision by the 
author: 
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Figure 13. Front cover before revision 

 

 
Figure 14. Front cover after revision 

 

 
Figure 15. Introduction before revision 

 

 
Figure 16. Introduction after revision 

 

 
Figure 17. Foreword before revision 

 

 
Figure 16. Foreword after revision 

 
Practicality of Augmented Reality-assisted E-learning 
Materials (Product Trial) 

Based on Table 3, the next stage was a small-scale 
product trial involving 15 fourth-grade students at 
Muhammadiyah Elementary School in the 2024/2025 
academic year. The students were selected 
heterogeneously based on their ability level, consisting 
of 5 students with a high level of understanding, 5 
students with a medium level of understanding, and 5 
students with a low level of understanding. This 
grouping aimed to determine the product's acceptability 
across various levels of student ability. After the 
learning process using the e-learning materials 
integrated with ethnoscience and augmented reality was 
completed, teachers and students were asked to 
complete a response questionnaire regarding the use of 
the learning media. The questionnaires given to teachers 
and students each consisted of 20 items covering three 
assessment aspects: material quality, language quality, 
and media quality. 
 
Table 3. Results of a Small-Scale Student and Teacher 
Questionnaire 
Validator Percentage (%) Eligibility Criteria 

Fourth Grade Teacher 96 Very Positive 
Student 94.20 Very Positive 
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The questionnaire instrument used a Likert scale of 
1–4, in which respondents provided ratings based on 
their experiences using the developed product. The 
questionnaire results were then analyzed to determine 
the product's suitability based on predetermined 
criteria. These criteria include: very feasible (82%–100%), 
feasible (63%–81%), fairly feasible (44%–62%), less 
feasible (25%–43%), and very inadequate (<25%). 
Through this small-scale trial, it is hoped that an initial 
overview of the practicality, acceptability, and quality of 
the product can be obtained before proceeding to a 
larger-scale trial. The following table presents the 
student and teacher questionnaire responses. 

 
Table 4. Results of the Large-Scale Student and Teacher 
Questionnaire Responses 
Validator Percentage (%) Eligibility Criteria 

Fourth Grade Teacher 98 Very Positive 
Student 98 Very Positive 

 
Based on the data presented in Table 4, teacher and 

student responses in the small-scale trial indicated a 
very positive response to the use of the integrated 
ethnoscience e-learning materials supported by 
Augmented Reality. This is demonstrated by a score of 
98.00%, which falls into the "very positive" category. 
This result indicates that the developed product has a 
very high level of acceptance and is easy for students to 
use in the learning process. Furthermore, responses from 
the large-scale trial also showed a similar trend. The 
Augmented Reality e-learning materials achieved a 
score of 98.02%, also in the "very positive" category. This 
assessment was based on 20 questionnaire items using a 
Likert scale of 1–4, covering aspects of material quality, 
language, and media. The high percentages in both trial 
stages indicate that the developed e-learning materials 
are not only engaging and easy to use, but also 
effectively support the learning process. Thus, the e-
learning materials integrated with ethnoscience and 
Augmented Reality can be declared practical and 
feasible for use in science learning activities in 
elementary schools. 

 
Effectiveness of E-learning Materials Assisted with 
Augmented Reality in Improving Student Learning 
Outcomes 

Product evaluation was conducted through a trial 
on all fourth-grade students of Muhammadiyah 
Elementary School as research subjects. This stage aimed 
to assess the suitability, feasibility, and effectiveness of 
the e-learning materials integrated with ethnoscience 
and Augmented Reality in science learning. 
Effectiveness was assessed by comparing student 
learning outcomes before and after using the media 
through a pretest and posttest. In addition, to determine 

user responses, the researchers also distributed a 
questionnaire to fourth-grade teachers. The results 
showed that 98.00% of teacher responses were in the 
very positive category, indicating that the e-learning 
materials integrated with ethnoscience and Augmented 
Reality were deemed capable of supporting the learning 
process and had the potential to improve student 
learning outcomes. 

Quantitative data analysis was conducted using a 
paired sample t-test to determine differences in student 
learning outcomes before and after using the media. 
Before conducting the hypothesis test, a normality test 
was first performed to ensure that the data were 
normally distributed, as a prerequisite for parametric 
analysis. Decisions regarding the normality test were 
based on the significance value: if the significance value 
is >0.05, the data are normally distributed, whereas if the 
significance value is <0.05, the data are not normally 
distributed. The results of the normality test are 
presented in Table 5 as a basis for determining the 
appropriateness of using the paired sample t-test in 
subsequent data analysis. 

 
Table 5. Data Normality Test Results 
Normality test 

 

Shapiro-Wilk 

Statistics Df Sig. 

Pretest Score .945 21 .120 
Posttest Score .962 21 .310 

 
Based on the analysis results in Table 5, it is known 

that the data are normally distributed, as indicated by a 
significance value greater than 0.05. Therefore, the data 
meet the assumptions for parametric statistical testing. 
Next, a paired sample t-test was conducted to determine 
whether there was a significant difference between 
student learning outcomes before and after using the 
integrated ethnoscience e-learning materials assisted by 
Augmented Reality. Decision-making in this test was 
based on the significance value (Sig. 2-tailed), with the 
following criteria: if the significance value is <0.05, there 
is a significant difference between the pretest and 
posttest scores; conversely, if the significance value is 
>0.05, there is no significant difference. This test aims to 
measure the effectiveness of the developed learning 
media in improving student learning outcomes in the 
science subject, specifically regarding the state of matter 
and its changes. The results of the paired sample t-test 
analysis are presented in Table 6. 
 
Table 6. Paired Sample T-test Results 
Paired Sample Test 

Pretest Score 
Posttest Score 

T-statistic Degree of freedom Sig. (2-tails) 

11.99 21 .000 
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The data in the table above shows a 2-tailed 
significance value of 0.000 < 0.05, thus concluding that 
there is a significant difference between the pretest and 
posttest using the Etnoscience-integrated e-learning 
materials with Augmented Reality. Furthermore, this is 
further confirmed by the average increase (N-gain) test, 
which compares the increase in pretest and posttest 
scores, calculated using the n-gain index analysis in 
Table 7. The data in the table above shows a 2-tailed 
significance value (Sig.) of 0.000 < 0.05, thus concluding 
that there is a significant difference between the pretest 
and posttest scores after using the Etnoscience-
integrated e-learning materials with Augmented 
Reality. These results indicate that the developed 
learning media significantly improved student learning 
outcomes in the science subject. Furthermore, the 
improvement in learning outcomes was further 
strengthened by the N-Gain index analysis, which 
compares pretest and posttest scores to determine the 
level of improvement. The results of the N-Gain 
calculation are presented in Table 7, which shows that 
the use of e-learning materials integrated with 
ethnoscience and augmented reality effectively 
improves student learning outcomes. Based on the 
results of the paired sample t-test and N-Gain analysis, 
it can be concluded that the developed learning media 
not only provides a significant difference but also 
provides improvements in learning outcomes that are in 
the good category. The following N-Gain test results are 
presented in Table 7. 

 
Table 7. N-Gain Test Results 
Difference Middle N-Profit Group 

Pretest 50.25 0.80 
 

High 

Posttest 90.10 

 
Based on the N-Gain test results, a value of 0.80 was 

obtained, which is in the high category (g > 0.7). This 
result indicates a significant increase in student learning 
outcomes between the pretest and posttest scores after 
using the e-learning materials integrated with 
ethnoscience and augmented reality. Furthermore, the 
feasibility and practicality tests showed that the 
developed e-learning materials received very positive 
responses from both students and teachers. This 
indicates that the learning media is not only effective in 
improving learning outcomes but also easy to use and 
well-received in the learning process. Overall, the data 
analysis results indicate that the e-learning materials 
integrated with ethnoscience and augmented reality 
meet the criteria of feasibility, practicality, and 
effectiveness in improving the learning outcomes of 
fourth-grade elementary school students in science, 
particularly on the topic of states of matter and their 
changes in Phase B. This success is supported by several 

factors. First, the integration of ethnoscience into e-
learning materials contributes to increasing student 
learning motivation by linking the material to local 
culture, particularly traditional foods closely related to 
everyday life. This approach makes learning more 
contextual and meaningful, enabling students to more 
easily grasp the concept of states of matter and their 
changes (Sariwedani et al., 2025). 

Furthermore, simple practical activities, such as 
making ice cream, actively engage students in observing 
the states of matter and the changes that occur. This 
supports meaningful learning and centers on students' 
direct experiences (Morris et al., 2025). Second, e-
learning materials integrated with ethnoscience, 
supported by Augmented Reality, are an innovative and 
practical learning medium (Rizki et al., 2025; Putri et al., 
2025). This medium not only supports classroom 
learning but also enables students to learn 
independently outside of class. Thus, it can assist 
students with varying levels of understanding, 
including those who require more time to grasp the 
material. The Augmented Reality feature also provides 
interactive visualizations that help explain abstract 
concepts in a more concrete and understandable way 
(Gjoka & Pireva Nuci, 2025; Haryadi et al., 2026). Third, 
the attractive design of e-learning materials, 
complemented by images, videos, and three-
dimensional (3D) objects, can increase student interest 
and engagement in learning. This media not only helps 
students understand concepts but also stimulates 
curiosity and active participation in the learning process. 
Thus, the use of this media directly contributes to 
improving student learning outcomes (Ritonga et al., 
2024; Hasanah Lubis et al., 2023). Fourth, the use of 
Augmented Reality technology as an innovation in 
learning provides an interactive learning experience and 
supports active student engagement (Tanjung & Louise, 
2024; Prananta et al., 2024).  

This technology not only facilitates conceptual 
understanding but also has the potential to develop 
critical thinking skills and visual-spatial skills. 
Furthermore, the developed e-learning materials have 
the advantage of flexibility, as they can be accessed 
anytime and anywhere via smartphones (Khairani & 
Prodjosantoso, 2023; Aththibby et al., 2024). This makes 
it easy for students and teachers to utilize the media as a 
practical and efficient learning resource 
(Ramakrishnappa et al., 2025; Amirahma & Setyasto, 
2024). Therefore, based on the overall research findings, 
it can be concluded that the e-learning materials 
integrated with ethnoscience using Augmented Reality 
are a suitable, practical, and effective learning medium 
for use in science teaching for fourth-grade elementary 
school students (Niman, 2025; Salmiyanti et al., 2023). 
This media is able to support more meaningful, 
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contextual, and engaging learning through the 
integration of local culture and technology (Perales & 
Bedoya Ulla, 2025; Ratri et al., 2025). 

 

Conclusion 
 

This study concludes that the design for developing 
e-learning materials integrated with Augmented Reality 
for ethnoscience, which includes a cover, user manual, 
concept maps, learning outcomes and objectives, 
materials integrated with local cultures, learning videos, 
Augmented Reality features, and student worksheets, is 
feasible, practical, and effective for use in learning. The 
product's feasibility was demonstrated through 
validation by linguists, media experts, and material 
experts, which categorized it as "very feasible" after 
revisions were made based on the recommendations 
provided. The product's practicality was demonstrated 
by the very positive responses from teachers and 
students, with a percentage of 98.00% in the small-scale 
trial and 98.02% in the large-scale trial, which falls 
within the "very positive" criteria. The effectiveness of 
the e-learning materials integrated with Augmented 
Reality for science learning was also confirmed based on 
pretest and posttest results, which showed significant 
improvements. The results of the paired sample t-test 
showed a significance value of 0.000 (<0.05), which 
means there is a significant difference between learning 
outcomes before and after the use of media. In addition, 
the N-Gain test result of 0.80 is included in the high 
category, which indicates a significant increase in 
student learning outcomes. Thus, the development of 
integrated ethnoscience e-teaching materials assisted by 
Augmented Reality is declared feasible, practical, and 
effective in improving student learning outcomes on the 
material of states of matter and their changes. This 
research provides a positive contribution to science 
learning in elementary schools, especially in presenting 
more contextual, interactive, and meaningful learning 
through the integration of local culture and technology. 
Therefore, this e-teaching material can be an alternative 
innovative solution in supporting enjoyable learning 
through the synergy of tradition and technology in 
elementary schools. 
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