


The Effect of Implementing an Ethno-chemistry Book Integrated with AR on Students' Learning Motivation


ABSTRACT
Chemistry learning often faces challenges related to low student learning motivation due to its abstract nature and disconnection from the context of everyday life. This study aims to analyze the effect of implementing an ethnochemistry textbook integrated with Augmented Reality (AR) technology on student learning motivation. A quasi-experimental research design with a non-equivalent control group approach was used in this study. The research sample consisted of 71 grade 10 students divided into an experimental group (n=36) using an ethnochemistry textbook and a control group (n=35) using a conventional textbook. Learning motivation data were collected through questionnaires administered before and after treatment. The results of the descriptive analysis showed that the average learning motivation score of the experimental group (81.90) was significantly higher than that of the control group (71.21). Statistical testing using the Independent Sample t-test proved that the difference was statistically significant (t(69)=5.798, p<0.05). The results of this study concluded that the implementation of an ethnochemistry textbook integrating local wisdom and AR is effective in increasing student learning motivation.
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INTRODUCTION
Modern science education faces a major challenge in maintaining student interest and motivation, especially in abstract subjects like chemistry. Curricula that focus on theoretical concepts without connecting them to daily life often make topics like atomic structure and stoichiometry feel foreign and difficult for students to grasp (Gracia, 2025). As a result, learning becomes a dry memorization process, which in turn erodes their curiosity and critical thinking skills (Bowen, 2022; Okafor and Nwonu, 2021. This phenomenon is exacerbated by the underutilization of environments rich in traditional knowledge and cultural practices (Zindy, 2021). 
In Indonesia, every region has a legacy of local wisdom embedded with scientific principles (Verawati and Wahyudi, 2024). Unfortunately, this potential is often overlooked (Pesurnay, 2018). Local wisdom can be a powerful bridge to connect abstract chemical concepts to real-world phenomena (Mashami, 2025). For example, the use of Kayu Bajakah in Kalimantan as traditional medicine involves phytochemical compounds (Paramita and Tata, 2021); the process of making Dekke Naniura in North Sumatra utilizes acid to denature proteins (Manik et al., 2019); and the production of Bir Pletok in Jakarta demonstrates organic chemistry principles from spices (Wibawa et al., 2019). All of these examples show how chemistry is closely integrated with culture (Modena et al., 2018). Therefore, there is an urgent need to reform instructional materials to be more contextual and relevant by using an edu-ethnochemistry approach to make learning more meaningful (Oladejo, 2022).
Beyond simply boosting motivation and academic results, integrating local wisdom into science education serves a much more strategic purpose (Arroba et al., 2023). Education must be at the forefront of fostering a love for and sense of ownership over our national cultural heritage (Agus et al., 2021; Saputra, 2024). Instilling these values shouldn't be limited to history or arts classes; they must permeate every discipline, including chemistry (Boudia et al, 2021). When students learn about phytochemistry through Kayu Bajakah, they not only grasp the scientific concept but also realize the value of their natural resources and traditional knowledge (Mahfud et al. 2021). When they examine the process of protein denaturation through Dekke Naniura, they understand that their ancestors' culinary practices are also rich with scientific principles (Mulyani, 2023). This process builds an awareness that their culture is part of their identity and an invaluable source of knowledge (Stanley et al., 2021).
The importance of fostering this love is even more pressing given the rise of one-sided claims over Indonesia’s cultural heritage by other countries (Schwarz, 2018). We remember how batik was nearly claimed by Malaysia in 2008 before UNESCO finally recognized it as an Intangible Cultural Heritage of Indonesia in 2009 (Antons, 2022). This event serves as a stark reminder that preserving local wisdom cannot rely solely on global declarations (Sulianta, 2024). It must begin with a strong foundation: the awareness and pride of the younger generation themselves (Sumartias et al., 2020). By making schools a space where local wisdom is recognized, studied, and valued through a relevant science curriculum, we will not only produce competent scientists but also a generation that loves and is ready to protect their nation's heritage (Saphira, 2022).
In line with the importance of the ethnochemistry approach, the demands of technology must also be met (Luqmi, et al., 2025). Technological advancements have opened up new opportunities through digital textbooks (Collins and Halverson, 2018). . However, many of the digital textbooks currently available are nothing more than static versions of print books. They fail to utilize interactive features that could significantly increase student engagement, such as simulations, videos, and adaptive quizzes. This gap shows that the integration of innovative pedagogy (like ethnochemistry) and effective educational technology is still rare. There have been no systematic efforts to combine rich cultural content with interactive and modern digital media Elesini and Tomažin, 2018).
This research aims to bridge that gap. We recognize that studies specifically examining the effectiveness of ethnochemistry-based digital textbooks in improving student motivation and engagement are still very limited (Engerman and Otto, 2021). Therefore, this research will comprehensively examine how the synergy between culturally relevant content and advanced delivery media can create a transformative impact on the learning process (Kristanty and Hakiem, 2022). In this regard, one of the technologies we are exploring is Augmented Reality (AR). AR allows students to see 3D models of molecules or chemical processes, such as the phytochemical structure of Kayu Bajakah, directly in their environment through a phone or tablet camera (Barria-Pineda et al., 2022). This feature not only makes abstract material concrete but also provides an immersive and personalized learning experience. The use of AR here is not just an add-on, but an integral part of the textbook's design, developed to facilitate a deeper understanding of concepts (Rusdi et al., 2022). Thus, the main goal of this research is to determine the influence of integrated chemistry books with local wisdom and AR on students' learning motivation.
METHODOLOGY
This research adopts a quasi-experimental approach using a non-equivalent control group design. This design was chosen to test the direct effect of the implementation of AR-integrated ethnochemistry books on students' learning motivation. This design is relevant because it allows the researcher to compare the results between the treatment group (experimental group) and the non-treatment group (control group) in the context of existing classes without random assignment (Creswell & Creswell, 2018).
Subjects and Research Location
This research involved 10th-grade students at one of the state high schools in Bengkayang. Both classes were selected based on considerations of the homogeneity of students' characteristics, such as average grades in chemistry and the number of students (Sugiyono, 2019). One class was designated as the experimental group using the AR-integrated ethnochemistry book, while the other class acted as the control group using a standard textbook.
Research Subjects and Location
This study involved 10th-grade students at Jakarta 53 State Senior High School. The two classes were selected based on homogeneity in student characteristics, such as average chemistry grades and student population (Sugiyono, 2019). One class was designated as the experimental group, using AR-integrated ethnochemistry textbooks, while the other class served as the control group, using conventional textbooks.
Research Instrument
The main instrument used was a learning motivation scale. This questionnaire was developed to measure differences in learning motivation between students using AR-integrated ethnochemistry textbooks and those using conventional textbooks. This scale was constructed using a Likert scale format and underwent content validation by educational experts to ensure its reliability and validity (Tuckman & Harper, 2012). The grid of learning motivation instruments used in this study is presented in Table 1.
Table 1. Grid of Instrument Students Learning Motivation
	Indicator
	Number Item of Statement

	Interest and Passion for the Material
	1, 2, 3, 4

	Active Involvement in Learning
	5, 6, 7, 8

	Awareness and Relevance of Material
	9, 10, 11, 12

	Self-Efficacy in Learning Chemistry
	13, 14, 15, 16



Research Procedures
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Fig 1. Research Procedur
Data Analysis Techniques
The data obtained from the learning motivation questionnaire were analyzed quantitatively. This analysis used descriptive statistical techniques to describe the initial and final data for both groups. To test the significance of the treatment effect, an independent sample t-test was used. This statistical test compares the difference in average post-test scores between the experimental and control groups. If the test results show a significant difference, it can be concluded that the implementation of the ethnochemistry textbook has an impact on student learning motivation (Hair et al., 2019).
RESULTS AND DISCUSSION
	Chemistry learning in the experimental class, namely class X-2 with a total of 36 students, and in the control class, namely class X-5 with a total of 35 students, was fully present during the study. Tabulation of data on the average chemistry learning motivation scores in the experimental and control classes is presented in Figure 2.

Fig 2. Histogram of Students' Chemistry Learning Motivation Scores
The data analysis revealed a significant difference in students' learning motivation between the experimental and control groups. As shown in the histogram and its corresponding table, the average scores for the experimental group consistently surpassed those of the control group across all four indicators of learning motivation. The most pronounced difference was observed in Interest and Passion for the Material, where the experimental group's score of 82.78 was 12.49 points higher than the control group's 70.29. A similar pattern was evident in Active Involvement in Learning (82.22 vs. 71.71) and Awareness and Relevance of Material (82.59 vs. 70.00). The smallest yet still notable gap was in Self-Efficacy in Learning Chemistry, with the experimental group scoring 81.94 compared to the control group's 73.86.
These findings suggest that the integrated ethno-chemistry book had a positive impact on student motivation (Ahmad and Halliru, 2022). The consistently higher scores for the experimental group across all indicators point to a holistic improvement in their learning attitude (Rabgay, 2018). The substantial increase in "Interest and Passion" can be attributed to the book's ability to make abstract chemical concepts, such as chemical bonds or acid-base principles, tangible and familiar by connecting them to local traditions like Bir Pletok or Dekke Naniura. This contextual relevance transforms chemistry from a foreign subject into a meaningful part of the students' cultural identity (Rahmawati et al., 2020). 
Furthermore, the higher scores for "Active Involvement" and "Self-Efficacy" can be linked to the implementation of Augmented Reality (AR) within the textbook (the  (Elford, 2022).. The AR features likely provided a dynamic and interactive learning experience that made abstract concepts, like molecular structures, more accessible and easier to grasp. When students can visualize and manipulate 3D models of chemical structures, their understanding deepens, which in turn boosts their confidence in their own learning abilities. The combination of culturally relevant content and interactive technology appears to create an engaging learning environment that encourages active participation and builds a strong sense of self-efficacy in mastering a subject often perceived as difficult (Huang et al., 2024). The synergy between these two components—local wisdom for relevance and AR for visualization—is the likely key factor behind the observed increase in motivation (Yuendita & Dina, 2024).
Overall, the results of the descriptive statistical analysis of student learning motivation data are presented in Table 2. 
Table 2. Descriptive Statistic
	Kelas
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Eksperimen
	36
	81.90
	8.07
	1.34

	Kontrol
	35
	71.21
	7.44
	1.26


	The results of the study showed a clear difference between the average learning motivation scores of students in the experimental and control classes. As presented in Table 3, the average learning motivation score of students in the experimental class reached 81.90 with a standard deviation of 8.07. This figure was significantly higher compared to the average score of the control class which only reached 71.21 with a standard deviation of 7.44. This striking difference was also visually depicted in the histogram (Figure 2), where the bars for the experimental group were significantly taller, indicating that most students in that class achieved higher motivation scores.
	Independent Samples Test
Table 3 Descriptive Statistic
	Kelas
	F
	Sig
	t
	df

	Eksperimen
	36
	81.90
	8.07
	1.34

	Control
	0.28
	0.60
	5.798
	69






To determine whether this difference in average scores was significant or simply due to chance, an Independent Sample t-test was conducted. The results showed a t-value of 5.798 with 69 degrees of freedom (df) and a very small significance level (Sig.) (p<0.05). These results demonstrate that the difference in learning motivation between the two groups is statistically significant. Therefore, it can be concluded that the treatment, namely the use of an AR-integrated ethnochemistry textbook, had a significant and positive impact on students' learning motivation.
This finding is consistent with the research objectives and supports the arguments presented in the introduction (Navarro, 2020). The increase in learning motivation in the experimental group can be explained by the synergy between two key elements of the textbook: local wisdom and Augmented Reality (AR) technology (Navvaro et al., 2020) First, the integration of local wisdom successfully bridged the gap between abstract chemistry concepts and students' real-life experiences. When chemistry material is linked to phenomena familiar to their culture—such as the process of brewing Bir Pletok or Dekke Naniura—the material no longer feels foreign (Tariganet al., 2023). Learning becomes meaningful and relevant, which in turn fosters curiosity and natural interest. This connection empowers students by demonstrating that their ancestral knowledge is also rich in scientific principles, fostering cultural pride that then fuels motivation to learn more deeply (El Yazidi and Rijal, 2024).
Second, AR technology plays a crucial role in making difficult-to-visualize concepts tangible and interactive (Paciulli, a tal. 2020). For example, with AR, students can view the 3D molecular structure of phytochemical compounds in Bajakah Wood directly through their smartphone cameras. This immersive visualization not only facilitates understanding of abstract concepts such as molecular structure and chemical bonding but also makes the learning process more engaging and engaging (van Dinther et al., 2023). Unique and personalized learning experiences like these have been shown to increase active engagement and reduce boredom, which are key factors in boosting motivation. Overall, this research demonstrates that the combination of culturally relevant content and innovative delivery media can effectively address challenges faced in modern science education.

CONCLUSION
Based on the research results, it can be concluded that the implementation of ethnochemistry textbooks integrated with Augmented Reality (AR) has a significant and positive influence on students' learning motivation. This increase in motivation is driven by the textbook's ability to connect abstract chemistry concepts with local wisdom relevant to students, as well as utilizing AR technology to provide concrete and interactive visualizations. These findings emphasize the importance of reforming teaching materials to be more contextual and adaptive to technological developments. Therefore, the ethnochemistry textbook developed in this study can be recommended as an effective innovation to improve motivation and chemistry learning outcomes at the secondary school level.
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