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ABSTRACT 

	Objectives: to investigate the impact of student worksheets that integrate ethno-chemistry and green chemistry on high school students' learning motivation. The lack of relevant and contextual chemistry learning materials often leads to low student motivation. To address this issue, student worksheets were developed by utilizing local wisdom from Kalimantan, specifically using Bajakah Wood as a case study. 
Methods: this research used a quantitative method with a quasi-experimental design. The research subjects were divided into two groups: an experimental class that used studenst worksheet ethno-chemistry-based and a control class that was taught using conventional methods. Learning motivation data were collected through a questionnaire and analyzed using the Mann-Whitney U test to compare the two groups. The results showed a statistically significant difference in learning motivation between the experimental and control groups, with a p-value of 0.01 (p<0.05).
Result: The experimental group demonstrated a higher increase in motivation, as shown by a mean score of 77.27 and consistency in the results. This increase can be explained by constructivist theory and self-determination theory (SDT). The student worksheets successfully bridged abstract chemical concepts with students' cultural realities, thus fulfilling their psychological needs for autonomy, competence, and relatedness. 
Impact: These findings prove that a culturally responsive pedagogical approach is an effective strategy to enhance students' intrinsic motivation in science subjects.
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1. INTRODUCTION 

Modern science education requires instruction that not only focuses on conceptual understanding but also on contextual relevance and the development of a positive attitude in students. In this context, Green Chemistry has emerged as a relevant philosophy, centered on designing environmentally friendly chemical products and processes (Verma et al., 2024). Integrating Green Chemistry principles into the curriculum can enhance science literacy and foster environmental awareness (Day et al., 2024; Saputra and Tania, 2022). 
Using an Indonesian-version of the Green Chemistry Attitude Scale to Evaluate College Students' Awareness towards Environment. Jurnal Pendidikan MIPA, 23(2), 410-418.). However, chemistry instruction is often perceived as abstract and detached from daily life, which ultimately lowers student learning motivation (Ferreira et al., 2021). To address this issue, a pedagogical approach that bridges modern science with local culture is necessary (García Franco et al., 2022). ethnochemistry, the study of traditional chemical knowledge, serves as a promising link (Chibuye and Singh, 2024). This approach makes learning more meaningful and relevant for students (El Yazidi and Rijal, 2024). In Kalimantan, the abundance of natural resources provides various traditional materials rich in ethno-chemical knowledge, one of which is Bajakah Wood (Mahfudh et al., 2024). Utilizing this local wisdom in student worksheets has the potential to change students' perceptions of chemistry, transforming it from a foreign subject into something that is part of their culture (Syar et al., 2023). 
Nevertheless, chemistry instruction in Indonesia, particularly at the high school level, still often relies on conventional methods that tend to disregard local resources (Martin, 2019). This lack of connection between educational material and students' real-world context leads to low learning motivation (Chen et al., 2021; Purba et al., 2019). Students frequently struggle to see the practical benefits and applications of chemical concepts, causing their interest to decline (Stone, 2021). This is a critical problem because learning motivation is a key prerequisite for academic success (Caratiquit et al., 2023). This issue is also evident at SMA 53 Jakarta, where initial observations indicate that despite their high potential, students' motivation to learn chemistry is only at a medium level, as reflected in their inconsistent enthusiasm and participation in class.
Therefore, this study proposes an innovative solution through the implementation of student worksheets that integrate Green Chemistry principles with local ethnochemistry, using Bajakah Wood as a case study. Through this approach, students are invited to explore the processes of extracting and identifying active compounds in Bajakah Wood—a real-world application of Green Chemistry—while exploring relevant local wisdom (Purba et al., 2022; Mashami, 2025). It is hoped that this approach will not only improve conceptual understanding but also significantly enhance student motivation by demonstrating that chemistry is a relevant and beneficial science (Agwu and Nmadu, 2023).
Previous studies have examined the influence of local wisdom-based learning, but few have specifically connected Green Chemistry with Kalimantan's ethnochemistry and its impact on learning motivation (Rukmini et al., 2025). This research gap indicates a lack of in-depth empirical studies proving that integrating these three concepts can be an effective strategy to boost student motivation (Akram and Li 2024). Thus, this study is urgently needed to fill this gap and make a tangible contribution to the development of chemistry curriculum and instructional methods in Indonesia. Based on these issues, this research aims to empirically examine the influence of implementing Green Chemistry-based ethnochemistry "Bajakah Wood" student worksheets on the learning motivation of students at SMA 53 Jakarta, with the specific goal of analyzing the impact of these worksheets on their level of learning motivation.


2. material and methods 

This research employed a quantitative approach with a quasi-experimental design, to determine the effect of student worksheets on student learning motivation (Zhang et al., 2023).
Research Subjects and Location
The population for this study was all tenth-grade students at State Senior High School 53 in Jakarta, Indonesia. There are a total of seven tenth-grade classes, with approximately 33 to 36 students per class, bringing the total estimated population to between 231 and 252 students. This research used a convenience sampling technique (Golzar et al., 2022). The researchers selected two classes from the seven available tenth-grade classes not through random selection or specific criteria, but simply based on the time slots available for delivering the material. The two classes selected from the population were class X2 and class X6. Class X2 was designated as the experimental group with 35 students, while class X6 served as the control group with 36 students.
Research Instrument
Data was collected using a student learning motivation questionnaire, which was adapted and tested for validity and reliability. The questionnaire measured several indicators of motivation, including interest, desire, pleasure, family, environment, Facilities and Infrastructure (Ferreiraet al., 2021).  The main instrument used is an online questionnaire (Google Forms) with a Likert scale of 1-5 (1 = Strongly Disagree, 5 = Strongly Agree) (Ruliyanti et al., 2021). The blueprint for this research instrument is presented in Table 1.
Table 1. Blueprint of Research Instrument
	Aspect
	Indicator
	Number of Statement

	Intrinsic
	Interest
	1, 2, 3

	
	Desire
	4, 5, 6

	
	Pleasure
	7, 8

	Extrinsic
	Family
	9, 10, 11

	
	Environment
	12, 13

	
	Facilities and Infrastructure
	14, 15



Data Collection Procedures
The data collection procedure for this study is presented in Fig 1.


Fig 1. Data Collection Procedure


Data Analysis Techniques
The data obtained were tabulated in a table and a histogram to facilitate data analysis. The maximum score for all 15 items presented with a strongly agree or 5 (all positive statements) is 75. Therefore, to facilitate data tabulation, each respondent's total score is divided by 0.75. Thus, the range of respondents' scores after conversion is 0-100. The collected data will be analyzed using IBM SPSS 25 (Rahman and Muktadir, 2021). The analysis was conducted after the treatment (post-test) in both classes. The quantitative data obtained were analyzed using a mann whiteney test, to compare the differences in learning motivation between the experimental and control classes.
  

3. results and discussion
The frequency distribution of responses for each statement item from aspect intrinsic and extrinsic is presented comprehensively in Figure 2.


Fig 2. Histogram of Students' Motivation Scores in Chemistry

Based on the image above, each learning motivation indicator (6 indicators) in the experimental class is higher than in the control class. Significant increases in the interest and desire scores in the experimental group indicate that using an ethnochemistry-based student worksheet successfully addresses the conceptual and psychological barriers students often face when learning chemistry (Kelley, 2024; Suryanti and festiyed, 2023). Instead of presenting chemistry as an abstract discipline disconnected from reality, this approach integrates chemical concepts with cultural context and local wisdom (Mashami, 2025). This integration allows students to find personal relevance in the subject matter, which in turn stimulates their curiosity and intrinsic desire to delve into the topic (Tsiouri and Kotsis, 2024). This finding is consistent with learning motivation theories that emphasize the importance of connecting learning content with students' life experiences to trigger internal motivation (Osei and Bjorklund, 2024). 
The increased score in the pleasure aspect suggests that the innovative student worksheet creates a positive and fulfilling learning experience. Using a method that combines cultural and scientific elements can reduce the anxiety or frustration that often arises when students encounter difficult chemistry topics (Dávila-Acedo et al., 2021). An enjoyable learning process triggers the release of neurotransmitters associated with the brain's reward system, such as dopamine, which strengthens memory and cognitive engagement (Pahutar et al., 2024). This supports the hypothesis that affectivity (emotions and feelings) plays a crucial role in cognition, where positive emotional experiences can enhance information retention and learning effectiveness (Wang et al., 2022). 
Although the student worksheet isn't a physical facility, the higher scores on the environment and facilities aspects in the experimental group indicate a shift in students' perception of their learning environment and resources (Pangestu & Susilo, 2023). A well-structured and relevant worksheet can make students feel that their learning environment is more organized, goal-oriented, and supportive (Lee & Kim, 2024). An effective approach allows students to use existing resources (e.g., libraries, laboratories, or even the natural environment) more optimally because they have a clear framework for exploration and investigation (Williams & Brown, 2022). In other words, the worksheet acts as a mediator that enhances positive interactions between students, the material, and the learning environment (Chen et al., 2023).
The increase in the family support score, though not as large as in other dimensions, has significant implications (Rodriguez & Sanchez, 2024). Higher learning motivation and enthusiasm among students can initiate positive discussions and interactions at home related to the subject matter (Seo et al., 2023). When students find chemistry relevant and interesting, they tend to share their discoveries or assignments more often with their families. This family involvement can strengthen student motivation, creating a holistic learning environment where support comes not only from school but also from their immediate surroundings (Liu et al., 2022). This aligns with the ecological model of learning, which underscores the importance of a broader supportive ecosystem in the educational process (Bronfenbrenner, 1979).
The data description above is supported by statistical test results that examined whether there was an effect of using the ethnochemistry-based student worksheet on learning motivation, as seen from the difference in student learning motivation scores in the experimental and control classes presented in Table 2.
Table 2. Test Statistics
	Test Statistics
	Learning Motivation

	Mean
	77,27

	  Standar Deviation
	10,26

	Mann-Whitney U
	422,50

	Wilcoxon W
	1088,50

	Z
	-2,54

	Asymp. Sig. (2-tailed)
	0,01



Based on the statistical data presented in Table 2, a non-parametric Mann-Whitney U test was used because the assumptions for a parametric t-test were not met. The table shows that the Asymp. Sig. (2-tailed) value is 0.01, which is the p-value. This value is much smaller than the commonly used significance threshold of 0.05. This statistical result indicates a statistically significant difference in learning motivation between students who used the ethnochemistry-based student worksheets (the experimental group) and those who did not (the control group). With an Asymp. Sig. (2-tailed) value of 0.01, the null hypothesis (H0) is rejected and the alternative hypothesis (Ha) is accepted, meaning there's a real difference between the two groups. This suggests that the higher learning motivation in the experimental group wasn't a coincidence, but a direct result of the intervention—using the student worksheets.
This increase in motivation is consistent with the experimental group's mean score of 77.27 and a standard deviation of 10.26, which shows consistency in the results. The student worksheets, by integrating green chemistry with local wisdom, successfully created a more relevant and engaging learning experience. This shifts students' perceptions of chemistry from an abstract subject to something connected to their daily lives, effectively boosting their intrinsic motivation to learn (Liu, 2024). Overall, these findings provide strong empirical evidence that an ethnochemistry approach can be a highly effective strategy for increasing student learning motivation in science subjects (Tanjung et al., 2025).
The increased learning motivation found in this study aligns with key principles in educational and psychological theories (Martin, 2023). This finding can be explained comprehensively through the lens of constructivist learning theory and Self-Determination Theory (SDT), both of which emphasize the importance of relevance, autonomy, and context in the learning process. The ethnochemistry approach used in the student worksheets facilitates meaningful learning by bridging abstract chemical concepts with students' cultural realities (Ridwan et al., 2025). Within the framework of constructivist theory, students aren't seen as passive recipients but as active constructors of their own knowledge (Shah, 2019). By linking chemical principles to local cultural practices, such as traditional food preparation or the use of natural dyes, the worksheets transform the learning experience into an authentic construction process (Rahmawati et al., 2023). In line with theory of meaningful learning, new material is more easily understood and retained when it can be connected to existing cognitive structures (Ausubel, 1963).  Ethnochemistry provides this "cognitive bridge," making chemistry no longer an isolated subject but an integral part of students' everyday lives (Purba et al., 2022).
Furthermore, this increase in motivation can be analyzed through Self-Determination Theory (STD) when three basic psychological needs are met: autonomy, competence, and relatedness (Gillison et al., 2019). (1). Autonomy is satisfied because ethnochemistry gives students the freedom to explore topics within their own cultural context, providing a sense of ownership over their learning journey (Gordon, 2022). (2) Competence is enhanced as the worksheets make complex chemical concepts more accessible and relevant, building students' confidence and sense of capability in mastering the material (Sinaga et al., 2019). (3) Relatedness is strengthened as students learn about the science embedded in their own culture, which not only connects them to their community but also creates a more inclusive and supportive learning environment (Thacker et al., 022). 
These findings are consistent with the broader literature on culturally responsive pedagogy and ethno-science. Numerous previous studies have shown that teaching science in a way that respects and integrates students' cultural backgrounds can significantly improve their engagement and academic outcomes (Mansour, 2025). Studies focusing on the use of local flora and fauna in biology or traditional agricultural practices in ecology have reported similar increases in student motivation (Stagg and Dillon, 2022). Thus, this study provides strong additional empirical evidence, confirming that ethnochemistry is an effective strategy for boosting learning motivation in science subjects. The findings also provide a solid theoretical basis for developing curricula that are more relevant and engaging for students across diverse cultural contexts (Smith et al., 2022).
While this research offers strong evidence, there are several avenues for future studies to provide a more in-depth understanding. For the long term, further research is needed to evaluate whether this increase in motivation is sustainable or merely a temporary effect of the intervention . Replicating this study in different cultural contexts is also essential to test the generalizability of the findings and understand how the ethnochemistry approach can be adapted effectively in various environments. Most importantly, a key next step is to research how to effectively train teachers to design and implement ethnochemistry curricula. Studies on the challenges teachers face and the effectiveness of professional development programs could be crucial for expanding the use of this approach in the future.  

4. Conclusion
This study concludes that using an ethnochemistry-based green chemistry student worksheet significantly boosts high school students' learning motivation. The statistically significant difference between the experimental and control groups (p=0.01). Chemical concepts to students' cultural reality using Bajakah Wood as a tangible example the student worksheet successfully fostered a more relevant and engaging learning experience.  
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Lesson Planning
1. Preparing students worksheets
2. Developing a learning motivation instrument


Instructional Implementation
1. Experimental Group: used student worksheets
2. Control: Convensional


Evaluation of Learning
1. Students were given a questionnaire to complete
2. Data tabulation, data analisys, conclusion


Experiment	Interest	Desire	Pleasure	Family	Environment	Facilities and Infrastructure	78.7	81.41	81.94	80.41	80.41	81.67	Control	Interest	Desire	Pleasure	Family	Environment	Facilities and Infrastructure	70.67	75.430000000000007	74.569999999999993	78.36	70.010000000000005	73.709999999999994	



