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Abstract - This study aims to analyze the practicality and effectiveness of a Problem-Based Learning 

(PBL)-based science module integrated with the Ethno-STEM approach and assisted by Augmented 

Reality (AR) on the subject of Motion and Force for seventh-grade junior high school students. The 

module was developed as an innovative effort to improve the quality of science learning by linking local 

cultural contexts and the use of technology. This research uses research and development (R&D) 

methods including testing practicality and effectiveness. Documents analyzed for practicality include 

observation sheets for learning implementation, observation sheets for critical thinking skills and digital 

literacy through LKPD, and questionnaires for teacher and student responses. The effectiveness of the 

documents analyzed includes the results of pre-tests and post-tests for critical thinking skills and digital 

literacy of students. Practicality was analyzed using the % practicality formula, and the results of the 

analysis showed that all components obtained a % practicality value > 60%, which is categorized as 

practical and very practical. Meanwhile, the effectiveness test used N-Gain, where the N-Gain of critical 

thinking skills showed a value of 72.41% for the average %N-Gain of the experimental class and 53.83% 

for the control class. The N-Gain of digital literacy had an average of 68.71% for the experimental class 

and 24.24% for the control class. Therefore, the PBL model science module based on Ethno-STEM 

assisted by AR has proven to be practical and effective for use in the learning process at the junior high 

school level, so that the module can be trusted to be used as a learning resource. 

 

Keywords: Practicality And Effectiveness; Science Modules; Problem Based Learning; Ethno-STEM; 

Augmented Reality 

INTRODUCTION 

Science learning should emphasize 

deep understanding, real-world connections, 

and the development of critical and creative 

thinking to face 21st-century challenges. In 

this era of globalization and rapid 

technological progress, a solid grasp of 

science is vital for the younger generation 

(Amanah, Qayyim, Muliati, et al., 2025). As 

part of the education system, science 

education shapes future generations with the 

knowledge, character, and skills needed for 

the modern world (Rokhmat et al., 2025). 

The 21st-century skills include critical 

thinking, problem-solving, communication, 

collaboration, and digital literacy (Makhrus 

et al., 2025); (Margalita et al., 2025). A 

contextual, skill-based science learning 

approach can prepare students to adapt, 

innovate, and contribute to a sustainable 

future. 

Natural Sciences (IPA) is theoretical 

knowledge obtained through observation, 

experimentation, and theory formation 

(Gunawan., Harjono, A., 2015). It aims to 

build understanding and positive values 

about science through learning 

(Suwartiningsih, 2021). Science learning 

should connect concepts with real life 

(Zendrato et al., 2022), encouraging 

exploration and active student engagement. 

Teachers can achieve this by developing 

innovative, contextual teaching materials 

supported by modern technology to enhance 
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understanding and interest in continuous 

learning. 

Science modules are key learning tools 

that provide structured materials to help 

students achieve learning objectives (Jusuf 

& Sobari, 2021). They serve as both 

information sources and guides that 

encourage active learning and interaction. 

Effective science modules enhance 

understanding and prepare students for real-

world challenges (Zendrato et al., 2022). 

Their development focuses on creating 

competency-based, relevant materials that 

connect with daily life and use technology to 

boost engagement (Pertiwi, 2022). Clear 

objectives, suitable learning models, and 

proper evaluation are essential to ensure 

modules meet educational goals and track 

progress. 

The learning model guides educators 

in planning instruction from learning 

materials to evaluation to achieve objectives 

(Mirdad & Pd, 2020). Problem Based 

Learning (PBL), developed by Barrows 

(1996), is a student-centered approach that 

uses real-world problems to stimulate 

learning in small groups (Barrows, 1996). 

PBL helps develop higher-order thinking, 

problem-solving, independence, 

cooperation, and active learning. Its process 

involves group-based problem solving 

followed by reflection. PBL consists of five 

phases: problem orientation, organizing 

students, investigation, developing and 

presenting solutions, and evaluation 

(Aryulina & Riyanto, 2016); (Arends, 2014); 

(Safitri et al., 2023). 

The 21st-century skill demands 

encourage not only understanding science 

concepts but also applying the integrated 

STEM approach (science, technology, 

engineering, and mathematics) (Aisyah et 

al., 2024). While STEM improves learning 

quality, excessive focus on technology may 

weaken cultural values due to limited 

inclusion of local wisdom (Rahayu et al., 

2024); (Usman et al., 2023). Learning that 

connects culture and science, or 

ethnoscience, involves analyzing cultural 

phenomena through scientific principles 

(Idrus, 2022); (Hasan et al., 2025). Ethno-

STEM integrates local wisdom into 

scientific, technological, engineering, and 

mathematical contexts (Juniawan et al., 

2024), making learning more meaningful, 

culturally relevant, and creativity-driven 

through interactive media (Muktiani et al., 

2022). 

Educational media help teachers 

present material more clearly (Meidina et al., 

2025), and interactive media have been 

shown to boost student motivation and 

understanding (Fischer et al., 2022). 

Abstract material requires higher-order 

thinking, where students integrate various 

representations to solve problems (Amanah, 

Martin, et al., 2025). Despite strong trust in 

science, misconceptions about its dynamic 

nature persist (Amanah, Al-qoyyim, et al., 

2025). Teachers’ application of the inquiry 

approach greatly affects students’ 

conceptual understanding (Amanah, 

Qayyim, Jauhari, et al., 2025). Augmented 

Reality (AR) enhances interactivity and 

visualization, making abstract concepts 

easier to grasp and improving critical 

thinking (Pamorti et al., 2024). AR merges 

2D/3D digital content with the real world in 

real-time, deepening engagement and 

exploration (Qumillaila et al., 2017). 

Product trials are conducted to collect 

data that can be used as a basis for 

determining whether the developed product 

is feasible (referring to the results of the 

product validity test). Product trials are 

conducted to measure the extent to which the 

developed product can achieve the expected 

goals and objectives (referring to the results 

of the product's practicality and 

effectiveness tests). The feasibility of a 
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teaching material is an indicator of whether 

a teaching material can be said to be feasible 

if it meets the aspects of validity, 

effectiveness, and practicality. The module's 

validity value is assessed by the validator, 

effectiveness is known from learning 

outcomes, and practicality is known from 

student and teacher responses to the module 

(Puriannto et al., 2022). The practicality test 

aims to obtain direct feedback from students 

and teachers, while the effectiveness test 

aims to evaluate how well the module is used 

(Hasanah et al., 2025). 

This study tested the practicality and 

effectiveness of a science module integrating 

Problem-Based Learning (PBL), Ethno-

STEM, and Augmented Reality (AR). The 

module incorporates Banyumulek Pottery as 

local wisdom, visualized in 3D using the 

Assemblr Edu app. This combination aims to 

create a holistic learning environment that 

enhances scientific understanding, critical 

thinking, and digital literacy while 

preserving local culture. The Ethno-STEM–

based PBL module assisted by AR 

demonstrates high practicality and 

effectiveness, producing an innovative and 

relevant learning tool for improving 21st-

century education quality. 

 

RESEARCH METHODS 

This study uses a research and 

development (R&D) method with the main 

objective of testing the practicality and 

effectiveness of the Ethno-STEM-based 

problem-based learning (PBL) science 

module assisted by augmented reality (AR). 

The developed module integrates the topic 

of motion and force with content enrichment 

based on local cultural values through the 

Ethno-STEM approach and the insertion of 

3D visual materials using AR. This study 

uses a measuring instrument in the form of a 

questionnaire and a survey, where the 

practicality instrument includes an 

observation sheet for the implementation of 

learning, an observation sheet for critical 

thinking skills and digital literacy through 

student worksheets (LKPD), and a 

questionnaire for teacher and student 

responses. The scale used for each 

instrument is a Likert scale of 1-5. The 

observation sheet for the implementation of 

learning consists of 20 statement items, 

while the observation sheet for critical 

thinking skills and student digital literacy 

contains a table of LKPD assessments 

(covering all indicators of critical thinking 

skills and digital literacy) from each student. 

The effectiveness instruments include a 

critical thinking skills test and a digital 

literacy questionnaire, which will then 

analyze the effectiveness of the students' 

pre-test and post-test results. The critical 

thinking skills instrument consists of 10 

essay questions on motion and force, with 

two questions for each indicator. The digital 

literacy instrument consisted of a 

questionnaire with 20 closed-ended 

statements, each indicator consisting of five 

statements. The instrument was tested at a 

school in Mataram City, selecting two 

classes as samples. 

The research subjects consisted of two 

groups (classes), namely seventh-grade 

students of junior high schools in Mataram 

city. The two groups served as the control 

and experimental classes. The sample taken 

in 1 class was 41 students, so the total sample 

was 82 people. The data collection 

procedure began by providing different 

treatments for the two classes, where in the 

experimental class the learning used the PBL 

model science module based on Ethno-

STEM assisted by AR, while in the control 

class used textbooks from the government 

and student worksheets (LKS/LKPD) 

commonly used in the school. Data 

collection for initial and final ability data 

was carried out by administering tests, 
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namely pre-test and post-test (Amanah et al., 

2017). In the first meeting, a pre-test was 

conducted to assess students' critical 

thinking skills and digital literacy, 

particularly on the topic of motion and force. 

In meetings 2-4, treatment was administered 

according to the conditions expected by the 

researcher (meeting 4 for material 

enrichment). The fifth meeting was a post-

test, which functioned to assess students' 

critical thinking skills and digital literacy 

after being given different treatments. Two 

observers observed the implementation of 

the learning and assessed students' critical 

thinking skills and digital literacy through 

LKPD. Meanwhile, science teachers at the 

school were asked to complete a response 

questionnaire related to the developed 

module. At the end of the learning, students 

were also asked to complete a response 

questionnaire related to the developed 

module. 

Practical data were obtained through 

observation sheets on learning 

implementation, observation sheets on 

students' critical thinking skills and digital 

literacy, learning implementation 

questionnaires, and teacher and student 

response questionnaires. The data were 

analyzed using the following equation (Wati 

et al., 2022): 

 

% Practicality= (
Total score from assessors

Total maximum score
) ×100%     (1) 

 

The criteria for the percentage calculation 

results can be seen in Table 1 (Arikunto, 

2010). 

 

Table 1. Device Practicality Criteria 

Percentage Category 

0 − 20% Not Practical 

21 − 40% Less Practical 

41 − 60% Quite Practical 

61 − 80% Practical 

81 − 100% Very Practical 

 

The criteria for assessing the implementation 

of learning can be seen in Table 2 (Arifin, 

2010). 

 

Table 2. Learning Implementation Criteria 

Percentage Category 

0 − 20% Not Accomplished 

21 − 40% Less Accomplished 

41 − 60% Quite Accomplished 

61 − 80% Accomplished 

81 − 100% Very Accomplished 

 

N-gain analysis measures the 

effectiveness of learning strategies by 

measuring students' knowledge acquisition 

and conceptual understanding before and 

after learning activities (Ahmad et al., 2025). 

The effectiveness instruments are pre-test 

and post-test questions to measure 

improvements in critical thinking skills and 

digital literacy. Research data on 

improvements in critical thinking skills and 

digital literacy were analyzed using the N-

gain test, with the formula (Hake, 1998): 

 

〈𝑔〉 =
%〈𝐺〉

%〈𝐺𝑚𝑎𝑥〉
=

(%〈𝑆𝑓〉 − %〈𝑆𝑖〉)

(100 − %〈𝑆𝑖〉)
                     (2) 

 

Description: 

𝑆𝑓 = Total value after treatment 

𝑆𝑖 = Total value before treatment 
𝐺𝑚𝑎𝑥 = Maximum average increase 

 

Furthermore, the N-gain values are grouped 

into three categories as listed in Table 3 

(Hake, 1998); (Harianja et al., 2024). 

 

Table 3. N-gain Value Category (Hake, 1998) 

N-gain Value (g) Category 

𝑔 ≥ 0,7 High 

0,3 ≤ 𝑔 < 0,7 Medium 

𝑔 < 0,3 Low 

 

The N-gain value obtained by students 

is then converted into a percentage which is 

then categorized based on the interpretation 

of the effectiveness of N-gain as in Table 4 

(Hasan et al., 2025); (Nawir et al., 2019): 
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Table 4. Interpretation of N-gain Effectiveness 

N-gain Value (%) Category 

> 76 Very Effective 

56 − 75 Effective 

40 − 55 Quite Effective 

< 40 Not Effective 

 

Data processing and analysis were 

carried out using Microsoft Excel which 

facilitates the calculation of %Practicality 

and N-Gain quickly and accurately. 

Evaluation of the analysis results then 

becomes the basis for the final revision of the 

module to achieve the quality standards of 

innovative and contextual science learning. 

After the test results, it is expected to 

produce a practical and effective AR-

assisted Ethno-STEM-based PBL science 

module to improve the quality of science 

learning, especially critical thinking skills 

and digital literacy of students at the junior 

high school level by utilizing local cultural 

richness and current learning technology. 

 

RESULTS AND DISCUSSION 

The results of this study present data 

on the practicality and effectiveness of the 

PBL model science module based on Ethno-

STEM with the help of AR technology that 

has been tested on seventh grade junior high 

school students. The module is intended for 

junior high school students, covers the 

material of motion and force, and applies the 

syntax of the PBL model and is based on 

ethno-STEM with a focus on Banyumulek 

pottery. In addition, the developed module 

also utilizes 3D AR technology created 

through the Assemblr Edu application. The 

module has been tested for validity and 

reliability. Previous research has 

successfully proven that the Problem-Based 

Learning (PBL) based science module 

combined with the Ethno-STEM approach 

and supported by Augmented Reality (AR) 

technology has high validity and reliability 

(Amanah, Rahayu, et al., 2025). 

Results 

The research results present an 

analysis of the practicality and effectiveness 

of the developed science module. The 

practicality analyzed includes the percentage 

of practicality from science teachers and 

students, the implementation of learning, 

and observations of critical thinking skills 

and digital literacy through student 

worksheets (LKPD). Meanwhile, the 

effectiveness analyzed is the increase or N-

Gain percentage of critical thinking skills 

and digital literacy. 

 

Module Practicality Analysis 

Practicality refers to something related 

to practice or action, easy and enjoyable to 

use or apply, and useful and effective in 

achieving goals. Practicality refers to the 

ease of using, implementing, or applying 

something (Milala et al., 2022). Based on the 

practicality test, the evaluated module had a 

very high level of practicality from various 

perspectives. Respondent 1 gave a 

practicality score of 91.43% and Respondent 

2 is 87.14%. Both percentages fall into the 

"Very Practical" category. This indicates 

that overall, the module or intervention was 

deemed very easy to use, relevant, and 

effective in the teaching context by teachers. 

These high scores indicate that the learning 

materials, methods, and tools used in this 

intervention can be implemented well in the 

field. 

Respondent 1 showed an exceptionally 

high practicality score in the language aspect 

(100%), indicating that the language used in 

the module was very clear, easy to 

understand, and did not cause ambiguity for 

teachers. The material aspect (93.33%) was 

also very high, indicating that the material 

content was relevant, accurate, and 

supported the learning process. The interest 

aspect (86.67%), although slightly lower, 

was still in the very practical category, 



Volume 11 No. 2 December 2025  Jurnal Pendidikan Fisika dan Teknologi (JPFT) 

 

488 

meaning the module was quite interesting 

for users. 

 

Figure 1. Percentage of Practicality of Natural 

Science Teachers 
 

Respondent 2 also gave a high rating, 

especially in the Interest Aspect (90%) and 

Language Aspect (90%). The Material 

Aspect (83.33%), although slightly below 

Respondent 1, still showed that the material 

was considered practical and useful. It can 

be seen in Figure 1 that in each category 

(interest, material, language, and overall) the 

practicality score for both respondents was 

always above 80%, with many even above 

90%. Consistently, the blue (Respondent 1) 

and orange (Respondent 2) bars show very 

strong performance, confirming that this 

module is well designed to meet the practical 

needs of science teachers. 

The average percentage of students in 

the practicality test was 78.71%, which is 

categorized as "Practical." This indicates 

that the module or intervention provided can 

be implemented well by the majority of 

students, although it has not yet reached the 

"Very Practical" category overall. A closer 

look at each participant (P1 to P41) through 

the graph in Figure 2 shows quite diverse 

fluctuations. Some students showed a very 

high level of practicality, even reaching 

100% at some points (respondents 30, 33, 

and 40), indicating that for them, 

implementing the module or intervention 

was very easy and effective. However, there 

were also students who had a below average 

practicality percentage, with the lowest 

score being around 65.71% (respondent 2), 

which is still classified as "Practical" but 

indicates challenges or areas that need 

improvement. 

 

Figure 2. Percentage of Students Practicality 

In the interest aspect, the practicality 

percentage was 80.48% with the "Very 

Practical" category. This indicates that 

students felt very interested in the module or 

intervention provided. The practicality 

percentage of the material aspect was 

76.43% with the "Practical" category. 

Although it did not reach "Very Practical" 

like the interest aspect, this figure still shows 

that the material in the module can be 

understood and used well by students. The 

language aspect was 80.24% with the "Very 

Practical" category. This shows that the 

language used in the module is very clear, 
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easy to understand, and does not cause 

confusion for students. Overall, the average 

practicality percentage was 78.71%, which 

is included in the "Practical" category. This 

figure is a synthesis of the three aspects 

above and shows that the module is 

generally very good in terms of practicality. 

Based on the learning implementation 

data from two meetings observed by two 

observers (Figure 3), it can be concluded that 

the learning process went very well with a 

very high level of implementation. In the 

first meeting, the average implementation 

score reached 89.5%, which falls into the 

"Very Implemented" category, while in the 

second meeting, the score increased even 

higher to 95%, in the same category. This 

demonstrates consistency and a significant 

improvement in the quality of learning 

implementation between the first and second 

meetings. 

 

Figure 3. Percentage of Implementation of 

Experimental Class Learning 

In the first learning activity, the two 

observers provided very consistent, near-

perfect assessments. Observer A gave a total 

score of 90%, while Observer B gave an 

89%. Both scores were in the "Very 

Accomplished" category, indicating that 

nearly all aspects of the learning were 

implemented optimally. A difference of only 

1% between the two observers indicates high 

agreement in the assessments, indicating that 

the data were highly reliable and there were 

no significant differences in perceptions of 

the quality of the learning implementation. 

In the second learning activity, there was a 

significant increase in the implementation of 

the learning. Observer A gave a score of 

94% and Observer B even higher with a 

score of 96%. The average completion rate 

for both assessments reached 95%, which 

still falls into the "Very Accomplished " 

category. This improvement can be 

interpreted as positive progress in 

implementing the learning, the small 2% 

difference between the two assessors 

indicates stability and consistency in the 

evaluation process. 

The practicality test of critical thinking 

skills through the Student Worksheet 

(LKPD) was analyzed by the percentage of 

practicality individually and in groups. 

There was considerable variation in the 

percentage of practicality among 

participants. Although most were in the 70-

80% range, some participants achieved 

100% (P30, P32, P39) and some were below 

70% (P1, P23, P38). This indicates that the 

level of practicality application is not evenly 

distributed across individuals. Most students 

demonstrated a level of practicality that was 

"Practical" or "Very Practical." However, 

fluctuations indicate that some individuals 

may require more attention in understanding 

or applying concepts. It is important to pay 

attention to participants with very low or 

very high scores. Examples of participants 

with 100% practicality can serve as role 

models or case studies to understand the 

factors driving optimal performance. 

Conversely, participants with low scores 

need to be identified for the reasons, whether 

it is due to a lack of understanding, 

motivation, or challenges in application. 

Based on Figure 4, it can be seen that 

the average practicality score for all groups 

in LKPD 1 was 75.93%, with an overall 
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rating of "Practical." Although the average 

was "Practical," there were differences 

between groups. Groups K3 and K4 showed 

higher percentages (81.6% and 80.8%) and 

were categorized as "Very Practical," 

indicating that there were certain practices or 

dynamics in these groups that made them 

more effective. Meanwhile, groups K1 and 

K5 had the lowest percentages (73.6%), 

indicating that there are aspects that need 

improvement in these groups. High-

performing groups can be analyzed to 

identify their key success factors, whether in 

terms of collaboration, task allocation, or 

conceptual understanding, which can then be 

replicated in other groups.

 

Figure 4. Percentage of Practicality of Students' Critical Thinking Skills 

 

The average practicality of LKPD 2 

was 84.78%, significantly higher than that of 

LKPD 1 (75.93%). This indicates significant 

improvements or differences in the design, 

implementation, or conditions that support 

practicality in LKPD 2. This nearly 9% 

average difference shifted the overall 

practicality category to a higher level in 

LKPD 2. Nearly all critical thinking skill 

categories (K1 to K9) showed higher 

practicality percentages in LKPD 2 

compared to LKPD 1. Although LKPD 2 

demonstrated superior improvement, it 

remains important to identify which K1-K9 

categories performed most prominently or, 

conversely, lagged behind their maximum 

potential. For example, in LKPD 2, K3 and 

K4 had the highest percentages (90.4% and 

89.6%, respectively), indicating that these 

aspects were very strong. Based on the data 

in Figure 4, there is a continuous 

improvement in promoting practicality, both 

at the individual and group levels. 

The digital literacy practicality test 

was analyzed individually and in groups, as 

was the critical thinking skills test. Most 

students in both worksheets scored 

"Practical" or "Very Practical." There were 

scores of 5 in the "Attitude" aspect, but many 

scores of 3 in "Information Knowledge" 

(Likert scale 1-5). This may indicate that 

positive motivation and behavior have been 

established, but conceptual understanding 

still needs to be strengthened. Although the 

group average showed good results, it is 

important to observe variation between 

individuals. Some students consistently 

scored high (e.g., many 5s), indicating 

excellent mastery. Conversely, others may 

have several low scores (e.g., 2 or 3), 

indicating a need for more attention or a 

different learning approach. This individual 
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data is invaluable for educators in 

identifying strengths and areas for 

improvement in each student. Educators can 

provide more personalized feedback and 

appropriate support. 

 

 

Figure 5. Percentage of Students' Digital Literacy Practicality 

 

The average group practicality 

percentage was approximately 77.69% with 

the "Practical" category, while the average 

group practicality percentage was 

approximately 84.5% with the "Very 

Practical" category. The bar graph (Figure 5) 

clearly shows that the groups in LKPD 2 had 

a higher percentage of practicality overall, 

ranging from 82% (K2) to 88% (K3), with 

an average of 84.5%. Almost all of these 

groups received the "Very Practical" 

category. LKPD 2 showed a significantly 

higher average group practicality (84.5%) 

compared to LKPD 1 (77.69%). This 

indicates that students are increasingly 

practiced in LKPD 2. LKPD 2 consistently 

showed a higher level of practicality, both 

individually and in groups, with an average 

group practicality reaching 84.5% and the 

majority of groups being in the "Very 

Practical" category. This implies that there 

are factors in the design, content, or teaching 

methods applied in LKPD 2 that are superior 

in facilitating the development of students' 

digital literacy. 

 

Module Effectiveness Analysis 

The success of a teaching and learning 

program does not always depend on the 

sophistication of the media used, but rather 

on the appropriateness and effectiveness of 

the media used by the instructor (Milala et 

al., 2022). Effectiveness is the ability to 

produce results or achieve predetermined 

goals, as expected, meaning doing the right 

thing (Sule & Saefullah, 2010). The word 

"effectiveness" is derived from the word 

"effective," which means effect or 

consequence, while "effectiveness" refers to 

the success of an action (Daryanto, 2013). 

Previous research has shown that analyzing 

N-gain scores for control and experimental 

classes revealed significant differences in 

the effectiveness of each intervention, 

providing deeper insight into how various 

teaching tools can impact student learning 

outcomes (Ahmad et al., 2025). This study 

analyzed the %N-Gain of the control and 

experimental classes for students' critical 

thinking skills (CTS) and digital literacy 

(DL). 
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Figure 6. Percentage of N-Gain of Students' Critical Thinking Skills 

 

Figure 6 visually shows that the blue 

line (experimental group) is predominantly 

above the orange line (control group) at most 

observation points (P1 to P41). This 

demonstrates the module's consistent 

effectiveness in continuously improving 

critical thinking skills in the experimental 

group. Although there are some points where 

the orange line rises slightly or even equals 

the blue line, the overall trend is very clear. 

The % N-Gain test for critical thinking skills 

clearly shows a difference in performance 

between the experimental and control groups 

in improving critical thinking skills (% N-

Gain KBK). The experimental group 

achieved an average % N-Gain of 72.41%. 

This figure indicates that overall, students in 

the experimental group experienced a 

significant increase in their critical thinking 

skills after receiving treatment using the 

PBL-based science module integrated with 

Ethno-STEM and AR assistance. 

The control group achieved an average 

%N-Gain of 53.83%. This increase was also 

present, but much lower than that of the 

experimental group. This indicates that 

conventional learning, or learning without 

the same module intervention, has a smaller 

positive impact on improving critical 

thinking skills. The majority of participants 

in the experimental class fell into the 

medium %N-Gain category (60% - 79%). 

This indicates that most students responded 

well to the treatment, for example, P2 

(77.5%), P7 (66.07%), and P8 (77.61%). 

Some participants in the control group 

showed very minimal improvement, even 

below 40%. This further highlights the 

importance of effective learning treatments 

or interventions. The significant average 

difference (almost 20%) and the 

experimental group's dominance in both the 

individual data and the line graph provide 

strong evidence of the module's 

effectiveness. 

Effectiveness is determined by the 

percentage of students who pass the 

knowledge test, which reflects their 

improvement in digital literacy (Margalita et 

al., 2025). Unlike the critical thinking skills 

graph, the digital literacy %N-Gain line 

graph in Figure 7 visually reinforces this 

finding. The blue line (experimental group) 

is consistently well above the orange line 

(control group) at almost all observation 

points (P1 to P41). This pattern indicates that 

the experimental group experienced a more 

stable and significant increase in digital 

literacy than the control group. Despite 

slight fluctuations, the difference between 
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the two groups remains striking. The digital 

literacy %N-Gain test shows a difference in 

performance between the experimental and 

control groups in improving digital literacy. 

The experimental group achieved an average 

digital literacy %N-Gain of 68.71%. This 

figure indicates that overall, students in the 

experimental group experienced a good 

improvement in their digital literacy after 

receiving the treatment. 

 

Figure 7. Percentage of N-Gain of Students’ Digital Literacy 

 

The control group achieved an average 

%N-Gain of 24.24% in digital literacy. The 

increase in the control group was 

significantly lower than in the experimental 

group, indicating that without special 

treatment, digital literacy improvement was 

not as effective as in the experimental group. 

Six participants in the experimental group 

demonstrated excellent digital literacy 

improvement, with P20 achieving 90% 

improvement. This demonstrates the 

effectiveness of treatment for some 

individuals. Similarly, for critical thinking 

skills, the majority of participants in the 

experimental class were in the mid-range 

(60%-79%). This indicates that most 

students responded positively, for example, 

P1 (65%), P2 (62.5%), and P4 (64.58%). 

Only one participant in the experimental 

group (P34) demonstrated an increase below 

60%, indicating that the intervention was 

broadly effective. Many participants in the 

control group demonstrated very minimal 

improvement, with some achieving only 

2.5% and 5%. This strongly highlights the 

need for well-planned treatment to improve 

digital literacy. The large mean difference 

(over 40%) and the dominance of the 

experimental group's graph indicate that the 

approach used was highly effective. 

Individual variation remains, but overall, the 

evidence suggests that treatment or 

intervention was highly beneficial for digital 

literacy development. 

Based on the comparison of the two 

previous analyses, the improvement in 

Digital Literacy appears much more 

prominent and significant compared to the 

improvement in Critical Thinking Skills. 

This can be seen from the greater average 

difference in %N-Gain between the 

experimental and control groups in Digital 

Literacy. In Critical Thinking Skills, the 

difference between the experimental group 

(72.41%) and the control group (53.83%) 

was around 18.58%. Although this is a good 

improvement and indicates the effectiveness 

of the treatment, there were some 

participants in the control group who still 

showed quite high N-Gain. In digital 
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literacy, the difference between the 

experimental group (68.71%) and the 

control group (24.24%) jumped drastically 

to around 44.47%. This very striking 

difference indicates that the intervention 

provided had a much greater and stronger 

impact in improving digital literacy 

compared to critical thinking skills. 

 

Discussion 

The 21st-century science learning 

demands innovation in approaches and 

media to focus not only on mastering 

concepts but also on developing critical 

thinking skills, creativity, collaboration, and 

digital literacy (Margalita et al., 2025). 

Technological developments and 

globalization require learning processes to 

be more contextual and relevant to students' 

real lives. Therefore, integrating the 

Problem-Based Learning (PBL) model with 

the Ethno-STEM approach and the support 

of Augmented Reality (AR) technology is a 

strategic step to deliver meaningful learning 

oriented toward 21st-century competencies 

(Amanah, Rahayu, et al., 2025). This 

approach not only emphasizes mastery of 

scientific knowledge but also fosters higher-

order thinking skills through problem-

solving rooted in local culture and the use of 

interactive technology. 

The development of a PBL-based 

science module integrated with Ethno-

STEM and assisted by AR stems from the 

need for teaching materials that can bridge 

science with local wisdom. The use of 

cultural contexts, such as Banyumulek 

pottery, brings the learning process closer to 

students' social realities while fostering a 

sense of pride in local culture. With 3D 

visualization through the Assemblr Edu 

application, students can understand the 

concepts of force and motion more 

concretely, because scientific phenomena 

are visualized directly in the form of objects 

that can be observed and manipulated 

virtually. This strengthens students' 

cognitive and affective aspects 

simultaneously, in line with the goals of 

holistic science learning. 

The practicality test results show that 

this module is very easy to use by teachers 

and students. The percentage of practicality 

from teachers reached more than 87%, 

included in the "very practical" category, 

while the average practicality of students 

was 78.71% in the "practical" category. 

These values indicate that the language, 

material, and display of the module are 

considered clear, interesting, and easy to 

understand. The use of AR media also 

increased student interest and engagement 

during the learning process. High 

practicality indicates that the developed 

product is not only theoretically valid but 

can also be implemented well in a real 

classroom context, supporting the 

effectiveness of active and interactive 

science learning. 

Observational improvements from 

Student Worksheet 1 to Student Worksheet 

2 demonstrate significant improvements in 

the practicality and implementation of 

learning. Student worksheet practicality 

increased from 75.93% to 84.78% for 

critical thinking skills, and from 77.69% to 

84.5% for digital literacy. This indicates that 

students are becoming more skilled at using 

the modules and have a better understanding 

of the relationships between science, 

technology, engineering, and mathematics 

concepts within the local cultural context. 

The implementation of the PBL model 

encourages students to actively discuss, 

collaborate, and reflect after solving 

problems. This active engagement is a 

crucial factor in making learning more 

effective and meaningful. 

In terms of effectiveness, the results of 

the N-Gain analysis showed a significant 
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increase in students' critical thinking skills 

and digital literacy. The experimental class 

using the AR-assisted Ethno-STEM module 

achieved an average N-Gain of 72.41% in 

critical thinking skills (medium-high 

category), while the control class only 

achieved 53.83%. The increase in digital 

literacy was even more pronounced, namely 

68.71% in the experimental class compared 

to 24.24% in the control class. This 

difference proves that the integration of the 

PBL model, cultural context, and AR 

technology has a real impact on 21st-century 

understanding and skills, especially in 

critical thinking skills, problem solving, and 

mastery of digital technology. 

The results of an in-depth analysis of 

the practicality of the material and the 

implementation of learning indicate that in 

general the learning instruments and 

processes have a very high level of 

practicality, with the majority being in the 

"Very Practical" category. This is supported 

by consistent scores, both from teacher 

assessments, students, and observations of 

the implementation of learning. There is a 

significant increase in practicality in LKPD 

2 compared to LKPD 1, both in critical 

thinking skills and digital literacy. The 

average group practicality in critical 

thinking skills increased from 75.93% 

(LKPD 1) to 84.78% (LKPD 2), and in 

digital literacy increased from 77.69% 

(LKPD 1) to 84.5% (LKPD 2). This increase 

indicates that modifications or 

improvements in LKPD 2 have succeeded in 

improving the learning experience to be 

more optimal and effective in developing 

both skills. Although individual practicality 

varies, the data shows that learning is not 

only practical but also effective in achieving 

learning objectives, which is also reflected in 

the excellent percentage of learning 

implementation in both meetings (average 

89.5% and 95%). 

Overall, the results of this study 

confirm that the PBL-based science module 

with the Ethno-STEM approach and AR 

support has a high level of practicality and 

effectiveness. The integration of local 

wisdom through ethnoscience contributes to 

cultural preservation and provides a real 

context in science learning, while AR 

technology enhances the visualization and 

interactivity of the material. The 

combination of the three creates a 

collaborative, creative, and adaptive 

learning environment to the demands of the 

21st century. Thus, this module can be used 

as an innovative alternative in improving the 

quality of science learning at the junior high 

school level and as a model for developing 

relevant teaching materials in the Society 5.0 

era. 

 

CONCLUSION 

Based on research objectives, findings, 

and discussion, it can be concluded that the 

science module, a problem-based learning 

model based on ethno-STEM with 

augmented reality on the topic of motion and 

force, has proven to be feasible and effective 

for use by seventh-grade junior high school 

students. This module is practical for 

teachers and students in the learning process. 

The use of the module has succeeded in 

significantly improving students' critical 

thinking skills and digital literacy, which can 

be seen through the effectiveness test. The 

module components are complete and in 

accordance with the needs of modern 

learning. The module provides an interesting 

and meaningful learning experience for 

seventh-grade students. Overall, this 

learning module meets the research 

objectives as an innovative, practical and 

effective open material. 
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