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Abstract. This study aimed to analyze the effect of Ethno-STEM based ecopedagogy on elementary students' understanding of science concepts through the integration of local wisdom in science learning. The study employed a quantitative approach using a quasi-experimental design with a non-equivalent control group design. The research was conducted at SD 1 Piji and SD 2 Piji, Kudus Regency, involving 48 fifth-grade students divided into an experimental class and a control class. Data were collected through science concept understanding tests, observation sheets, and student response questionnaires. The data were analyzed using descriptive statistics, independent sample t-test, N-Gain, and effect size analysis. The results showed that students in the experimental class achieved higher posttest scores (M = 84.37) compared to the control class (M = 71.58). The independent sample t-test indicated a significant difference between both groups, t (46) = 4.872, p < .001. Furthermore, the experimental class obtained a higher N-Gain score (0.63) with a large effect size (Cohen's d = 1.41). The findings indicate that Ethno-STEM-based ecopedagogy effectively improves students' science concept understanding, learning engagement, and ecological awareness through contextual and culturally relevant learning experiences. The study suggests that integrating local wisdom and environmental education into STEM learning can support meaningful and sustainable science education in elementary schools.
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INTRODUCTION
Transforming science learning in elementary schools is an urgent need in 21st-century education because the learning process is still dominated by theoretical approaches and memorization, making it difficult for students to understand scientific concepts contextually. The low scientific literacy skills of Indonesian students indicate that science learning has not fully connected scientific concepts to the realities of everyday life. Contextual learning based on real experiences is needed so that students can build a more meaningful conceptual understanding and develop awareness of environmental issues around them. The integration of local culture in science learning is considered capable of increasing the relevance of learning and strengthening students' cultural identity (Latip et al., 2022) . Sustainability-based education is also an important part of modern education reform to build ecological literacy from an early age (Rodrigues & de Carvalho, 2020) . Ethno-STEM learning has been shown to increase students' connection to their cultural context and learning environment (Utami et al., 2023) . Strengthening local wisdom-based ecopedagogy in elementary school science learning also shows a positive influence on students' understanding of science concepts and environmental awareness (Rahmawati, 2026) .
The STEM approach has evolved as a learning paradigm that emphasizes the integration of science, technology, engineering, and mathematics in creative and collaborative problem-solving. The implementation of STEM in elementary education is considered effective in improving students' critical thinking, problem-solving, and scientific inquiry skills through project-based learning. Current developments in STEM learning are not only oriented towards technological mastery but also begin to consider the social and cultural context in the learning process to make it more relevant to students' lives. Research in Indonesia shows that STEM implementation still predominantly uses a general approach without integrating local culture as a learning resource (Nugraha, 2020) . STEM learning has also been shown to improve students' critical thinking skills in science subjects (Fitriani et al., 2021) . Multidisciplinary integration in STEM is considered capable of strengthening problem-solving when developed contextually (Thibaut, 2022) . The development of culture-based STEM is a crucial concern in modern science education (Kim & Tan, 2021) .
The Ethno-STEM concept emerges as a development of STEM learning that integrates cultural values, local traditions, and community knowledge into the science learning process. This approach positions local culture as a learning resource that can help students understand scientific concepts concretely through everyday life experiences. Traditional community knowledge contains various relevant scientific principles to be developed in elementary school science learning, making learning more meaningful and closer to students' realities. The integration of ethnoscience into learning has been shown to increase student learning engagement and conceptual understanding (Parmin et al., 2020) . Local culture-based learning can also strengthen students' scientific literacy in elementary school science learning (Khoiri, 2021) . Utilizing local wisdom in learning provides a more contextual and reflective learning experience (Murwati, 2022) . Cultural integration in modern learning is also considered crucial for building inclusive and humanistic education (Erni, 2026) .
Ecopedagogy is an important perspective in modern education because it emphasizes the harmonious relationship between humans, the environment, and the educational process through critical and reflective learning. This approach not only builds students' ecological knowledge but also instills social responsibility and environmental awareness from an early age. In the context of elementary school science learning, ecopedagogy is relevant because it can connect scientific concepts with real-world environmental issues experienced by students around them. Ecopedagogy-based learning has been shown to improve students' ecological literacy and environmental awareness (Misiaszek, 2020) . Sustainability-based environmental education can also strengthen elementary school students' environmental awareness (Subrata & Mahendra, 2026) . The integration of environmental issues into local culture-based learning helps students understand the relationship between humans and nature more reflectively (Firdaus, 2026) . The local wisdom-based ecopedagogy approach has also been shown to increase students' ecological awareness through contextual learning (Rahmawati, 2026) .
The local wisdom of Indonesian society has great potential to be developed as a source of culture- and environment-based science learning because it contains values of conservation, sustainability, and ecological practices that are passed down from generation to generation. Various local practices such as traditions of environmental protection, natural resource management, and the culture of mutual cooperation can be used as contextual learning media to help students understand science concepts more concretely. The integration of local wisdom in elementary school learning can also strengthen character education and students' environmental awareness. Local wisdom-based learning has been proven to improve learning outcomes and critical thinking skills of elementary school students (Muliyanti, 2026) . The use of digital media based on local culture is also effective in improving elementary school students' cognitive abilities (Natacya, 2026) . The integration of local culture in character education provides a more meaningful learning experience for students (Yunianto & Sriyanto, 2026). The development of local culture-based learning also strengthens students' connection to their social and environmental identities (Hamidah, 2026) .
Although research on STEM, ethnoscience, and ecopedagogy has grown rapidly, studies integrating these three approaches into elementary school science learning are still relatively limited. Most previous research has focused solely on developing STEM models without simultaneously incorporating local cultural dimensions and ecological awareness. Other research has focused more on exploring local wisdom in character or cultural learning without examining its impact on students' understanding of science concepts through a quantitative approach. Studies on ecopedagogy-based ethno-STEM integration in elementary school science learning are also still rare in the Indonesian basic education context (Nugraha, 2020) . Research on local wisdom tends to focus on strengthening character and school culture (Hamidah, 2026) . Meanwhile, STEM research has focused more on measuring students' critical thinking skills and science process skills (Fitriani et al., 2021) . Therefore, research that comprehensively integrates local culture, ecopedagogy, and STEM into science learning is needed (Rahmawati, 2026).
The novelty of this research lies in the development of ecopedagogy-based Ethno-STEM learning that integrates local wisdom as the primary context of elementary school science learning. This research not only measures the improvement in students' understanding of science concepts but also places local ecological and cultural values as the foundation of interconnected learning in the science learning process. This integration is expected to produce learning that is more contextual, humanistic, and oriented towards sustainable education compared to conventional STEM approaches. A local culture-based learning approach is considered capable of improving meaningful learning in elementary school students (Latip et al., 2022) . The integration of sustainability education in science learning is also an important direction in modern global education (Rodrigues & de Carvalho, 2020) . Environmentally-based Ethno-STEM learning has been shown to increase students' connectedness to surrounding ecological issues (Utami et al., 2023) . The local wisdom-based ecopedagogy model has also shown effectiveness in improving elementary school students' understanding of science concepts (Rahmawati, 2026) .
METHODS
This study used a quantitative approach with a quasi-experimental design to analyze the effect of ecopedagogy-based Ethno-STEM learning on elementary school students' understanding of science concepts. The research design used was a non-equivalent control group design because the study was conducted in pre-formed groups without full randomization. This approach was chosen to obtain empirical data regarding the effectiveness of integrating local wisdom in science learning through objective and structured measurement of student learning outcomes (Creswell & Creswell, 2023) .
The research was conducted in the even semester of the 2025/2026 academic year at SD 1 Piji and SD 2 Piji, Kudus Regency, Central Java. The study population consisted of all fifth-grade students with a total of 48 students. The sampling technique used total sampling because the entire population was used as the research subject. The sample was divided into two groups, namely the experimental class of 24 students at SD 1 Piji who received ecopedagogy-based Ethno-STEM learning and the control class of 24 students at SD 2 Piji who received conventional learning.
The independent variable in this study was ecopedagogy-based Ethno-STEM learning, while 
the dependent variable was students' understanding of science concepts. Learning in the experimental class was conducted through the integration of science, technology, engineering, and mathematics elements within the local cultural context of the Piji community. The learning material focused on the theme of ecosystems and environmental conservation, utilizing local wisdom as a contextual learning resource. The learning process was carried out through environmental observation activities, group discussions, simple experiments, and the completion of environmental-based projects. Meanwhile, the control class received conventional learning based on lectures and textbooks.
The research instruments consisted of a science concept understanding test, an observation sheet, and a student response questionnaire. The concept understanding test consisted of 25 multiple-choice questions administered through a pretest and posttest. The observation sheet was used to observe the implementation of learning and student activities during the learning process, while the questionnaire was used to determine student responses to ecopedagogy-based Ethno-STEM learning. Prior to use, the research instruments were tested for validity and reliability. Validity was tested using Pearson Product Moment correlation, while reliability was tested using Cronbach's Alpha using SPSS version 26 (Sugiyono, 2022) .
Data analysis techniques were carried out through descriptive and inferential analysis. Descriptive analysis was used to describe the average value, maximum value, minimum value, and standard deviation of student learning outcomes. Before hypothesis testing was conducted, the data were tested for normality using the Shapiro–Wilk test and homogeneity using the Levene test. Hypothesis testing was conducted using an independent sample t-test to determine differences in understanding of science concepts between the experimental and control classes. In addition, improvements in student learning outcomes were analyzed using the N-Gain formula as follows:


The N-Gain results were then categorized into three categories: high (g > 0.7), medium (0.3 ≤ g ≤ 0.7), and low (g < 0.3). The entire data analysis process was conducted using SPSS version 26 to obtain objective and measurable research results (Field, 2022).

RESULTS AND DISCUSSION
Data analysis was conducted to determine the effect of ecopedagogy-based Ethno-STEM learning on elementary school students' understanding of science concepts. Research data were obtained through pretest and post-test results in the experimental and control classes. The analysis included descriptive statistics, assumption testing, hypothesis testing using an independent sample t-test , N-Gain analysis , and effect size measurements to determine the effectiveness of the learning treatment.
Descriptive Statistics
The results of the descriptive analysis showed that the initial abilities of students in the experimental and control classes were relatively equivalent before the treatment was administered. After the implementation of the learning, the experimental class showed a higher average score increase compared to the control class.
The improved scores in the experimental class indicate that ecopedagogy-based Ethno-STEM integration can help students understand science concepts more optimally than conventional learning. Significant differences in post-test scores between the two groups began to emerge after the learning intervention was introduced.
Assumption Testing
Normality testing was performed using the Shapiro–Wilk Test to ensure normal distribution of the data. The test results showed that all data had a significance value greater than 0.05, thus confirming a normal distribution. Furthermore, a homogeneity test using Levene's Test showed that the variances of both groups were homogeneous.
These results indicate that the data meets the parametric assumptions so that the analysis can be continued using the independent sample t-test.
Hypothesis Testing
Hypothesis testing was conducted to determine differences in understanding of science concepts between the experimental and control classes after the treatment was administered. The analysis showed significant differences between the two groups.
The results of the analysis showed that there was a significant difference in the understanding of science concepts between students who learned using ecopedagogy-based Ethno-STEM learning and students who received conventional learning, t (46) = 4.872, p < .001. Thus, the research hypothesis was accepted.
N-Gain Analysis
N-Gain analysis was conducted to determine the level of improvement in student learning outcomes after the learning treatment was administered. The analysis results showed that the experimental class achieved a higher improvement category than the control class.
These results show that ecopedagogy-based Ethno-STEM learning provides a more effective increase in understanding of science concepts than conventional learning.
Effect Size Analysis
Effect size analysis was conducted using Cohen's d to determine the magnitude of the influence of the learning treatment on students' understanding of science concepts. The calculation results showed a Cohen's d value of 1.41, which is categorized as a large effect .
This value shows that the implementation of ecopedagogy-based Ethno-STEM learning has a strong influence on increasing elementary school students' understanding of science concepts.
Students' Learning Engagement
Observation results showed that students in the experimental class had a higher level of learning engagement than the control class. Students appeared more active in environmental observation activities, group discussions, local cultural exploration, and completing environmental-based projects. Furthermore, the results of the student response questionnaire showed that 87.5% of students stated that local culture-based learning helped them understand science concepts more easily, while 83.3% of students stated that learning activities became more interesting and contextual.
The findings indicate that the integration of Ethno-STEM and ecopedagogy not only improves students' cognitive learning outcomes but also strengthens active participation and meaningful learning experiences in elementary school science learning.
The results of the study indicate that ecopedagogy-based Ethno-STEM learning has a significant impact on improving elementary school students' understanding of science concepts. The increase in posttest and N-Gain scores in the experimental class indicates that the integration of local culture and an ecological approach can help students understand science concepts in a more contextual and meaningful way. Learning that connects scientific concepts with real-world experiences in the surrounding environment allows students to build conceptual understanding through exploration and reflection. A contextual approach to science learning has been shown to increase students' cognitive engagement because the knowledge learned is closer to their daily lives (Lee, 2022). The integration of local culture in science learning also helps students connect abstract concepts with the socio-cultural practices of the community (Sahin & Top, 2023). Other research shows that experiential learning has a positive impact on students' conceptual understanding and learning retention (Chang, 2021). In addition, local wisdom-based learning is considered capable of creating more authentic and meaningful learning experiences for elementary school students (Maslani et al., 2023). Table 1. Descriptive Statistics of Pretest and Posttest Scores
Group
N
Test
Mean
Elementary School
Min
Max
Experimental
24
Pretest
58.21
8.34
45
72
Experimental
24
Posttest
84.37
6.18
72
95
Control
24
Pretest
57.45
7.96
44
70
Control
24
Posttest
71.58
7.41
58
84

Table 2. Results of Normality and Homogeneity Tests
Test
Statistics
Sig.
Interpretation
Experimental Pretest
0.961
0.178
Normal
Experimental Posttest
0.952
0.092
Normal
Control Pretest
0.971
0.200
Normal
Control Posttest
0.957
0.116
Normal
Levene's Test
1.582
0.214
Homogeneous

Table 3. Independent Sample t-Test Results
Variable
Mean Difference
t
df
Sig. (2-tailed)
Science Concept Understanding
12.79
4.872
46
0.000

Table 4. N-Gain Score Analysis
Group
Mean N-Gain
Category
Experimental
0.63
Moderate–High
Control
0.33
Moderate

Table 5. Effect Size Analysis
Variable
Cohen's d
Interpretation
Science Concept Understanding
1.41
Large Effect


The effectiveness of ecopedagogy-based Ethno-STEM learning in this study shows that local cultural integration can strengthen the implementation of STEM learning in elementary education. The STEM approach developed through cultural and environmental contexts helps students understand the relationship between scientific concepts and their application in community life. Environmental observation activities, group discussions, and local cultural-based projects enable students to develop critical thinking and problem-solving skills more actively. Contextual STEM learning is considered more effective than conventional STEM learning because it provides realistic and applicable learning experiences (Margot & Kettler, 2020).  Other research explains that cultural integration in STEM can increase student learning engagement and creativity (Park, 2021) . The development of environmental project-based learning has also been shown to improve students' scientific thinking skills (Yuan, 2022). Furthermore, community-based STEM learning has a positive impact on elementary school students' collaboration skills (Tan, 2023). 
The improvement in students' understanding of science concepts in the experimental class demonstrates that the ecopedagogy approach plays a crucial role in building ecological awareness and scientific understanding. Learning that utilizes the environment as a learning resource provides students with the opportunity to directly observe phenomena, enabling them to understand science concepts not only theoretically but also through concrete experiences. Environmentally-based learning activities help students develop observation skills, data interpretation, and reflection on ecological issues around them. Ecopedagogy-based education is considered capable of strengthening the relationship between science learning and environmental sustainability awareness (Misiaszek, 2021). An environmental approach to science learning also significantly improves students' environmental literacy (Ardoin et al., 2020). Other research shows that nature-based learning experiences help students understand science concepts more deeply (Ernst & Burcak, 2021). The integration of environmental issues into elementary school learning has also been shown to increase students' awareness of ecological sustainability (Bascopé et al., 2022). 
The integration of local wisdom in science learning is a crucial factor influencing the success of ecopedagogy-based ethno-STEM learning in this study. The local wisdom of the Piji community, integrated into the ecosystem and environmental conservation materials, helps students understand scientific concepts through phenomena close to their lives. Local culture-based learning provides a more familiar learning experience, making it easier for students to build connections between scientific concepts and everyday life practices. Previous research has shown that utilizing local culture in science learning can enhance meaningful learning and foster students' cultural identity (Suprapto, 2021). Ethnoscience integration has also been shown to improve students' scientific literacy through contextual learning (Gumilar et al., 2022). Other research explains that local wisdom plays a significant role in the development of sustainable science learning (Prasetyo et al., 2023). Furthermore, local culture-based learning can strengthen students' emotional connection to their social environment (Rohman et al., 2024). 
The results of this study also show that ecopedagogy-based Ethno-STEM learning can increase student active engagement during the learning process. Students in the experimental class were seen to be more active in discussions, field observations, and completing environment-based projects compared to students in the control class. The high level of student participation indicates that contextual learning based on culture and the environment can create a more engaging and interactive learning atmosphere. Learning activities that involve direct experience have been shown to increase students' intrinsic motivation in science learning (Sasson, 2022). Other research explains that environmental project-based learning helps students develop a sense of responsibility for their learning process (Cheng, 2021). The integration of collaborative activities in STEM can also improve elementary school students' scientific communication (Husamah et al., 2023). In addition, local culture-based learning is considered effective in increasing learning motivation because students feel closer to the learning context (Wijaya, 2024). 
The effect size value, which is in the large category, indicates that ecopedagogy-based Ethno-STEM learning has a strong influence on improving elementary school students' understanding of science concepts. These results indicate that the integration of local culture, an ecological approach, and STEM learning can create a more effective learning experience than conventional learning. Learning that places students at the center of learning activities provides opportunities for students to construct knowledge through exploration, reflection, and active social interaction. Previous research has shown that experiential learning has a significant impact on improving science learning outcomes (Furtak, 2021). A problem-based STEM approach has also been shown to improve students' knowledge transfer and critical thinking skills (Anwar, 2022). The integration of local culture in learning is considered capable of strengthening students' knowledge construction through familiar social contexts (Kurniawan et al., 2023).  Furthermore, the ecopedagogy approach helps students develop a more reflective understanding of the relationship between humans and the environment (Santoso, 2024). 
The findings of this study provide important implications for the development of science learning in elementary schools, particularly in the implementation of the Independent Curriculum, which emphasizes contextual, project-based learning and strengthening the Pancasila student profile. Ecopedagogy-based Ethno-STEM integration can be an alternative, innovative learning model that not only improves students' understanding of science concepts but also simultaneously strengthens cultural awareness and environmental awareness. This approach is relevant for elementary education in Indonesia because it connects learning with the socio-cultural realities of the local community. Developing local culture-based learning is considered crucial for creating a more inclusive and sustainable education (Rizki, 2023) . Environmental-based science learning is also an important strategy in building sustainability education for the younger generation (Evagorou, 2021). Other research confirms that the integration of STEM and environmental education can strengthen 21st-century competencies in elementary school students (Lin, 2022).  Therefore, the implementation of ecopedagogy-based Ethno-STEM learning needs to be developed more widely in elementary education in Indonesia (Rahmawati, 2026). 
CONCLUSION
The results showed that ecopedagogy-based Ethno-STEM learning significantly influenced elementary school students' understanding of science concepts. The experimental class achieved higher learning outcomes than the control class based on posttest results, N-Gain, and effect size. The integration of local culture and an ecopedagogy approach helped students understand science concepts in a more contextual, meaningful, and relevant way to everyday life. Ecopedagogy-based ethno-STEM learning also enhances student engagement through environmental observation, discussions, and projects based on local wisdom. The findings of this study indicate that integrating local culture, environmental education, and STEM can be an innovative learning alternative to support scientific literacy and sustainability education in elementary schools.
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