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Introduction  
 

Global science education currently faces demands to develop higher-order thinking skills, such 

as critical thinking, creativity, and evidence-based decision-making (Khahro & Javed, 2022; Liu et al., 

ABSTRACT 

This study analyzes how preservice science teachers construct informal reasoning when 

evaluating two Minangkabau cultural practices, namely batik tanah liek and the balimau 

tradition, as contexts for ethnoscience. Batik tanah liek emphasizes clay as a natural dye 

and fabric preservative, wheras balimau is a tradition of cleansing oneself using lime and 

flowers before Ramadan. This study contributes new insights by mapping the patterns 

of informal reasoning of preservice teachers on two traditions that have different 

scientific structures and religious values and linking them to pedagogical implications 

for ethnoscience learning. Data were collected through semi-structured questionnaires 

and analyzed using Braun and Clarke's inductive thematic analysis. Four categories of 

informal reasoning, namely personal, social, cultural, and environmental, guide how 

participants assess scientific relevance, cultural meaning, moral sensitivity, and learning 

potential. The results show that preservice teachers have stronger involvement and 

awareness of batik tanah liek, which provides concrete and structured scientific 

phenomena that trigger more rational-scientific reasoning and conceptual creativity. 

Conversely, balimau evokes moral-emotional reasoning due to its strong religious and 

socio-communal values, thus encouraging pedagogical caution. These differences 

indicate cultural bias and variations in epistemic access to traditional practices. Informal 

reasoning has been shown to play a role in training critical and creative thinking skills 

through evidence analysis, cultural context interpretation, and scientific solution 

exploration. This study emphasizes the need to integrate ethnoscience analysis into the 

PCK/TPACK curriculum to strengthen culturally responsive science education. 
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2024). These competencies are necessary for students to be able to respond to socioscientific issues and 

the dynamics of scientific development (Siew & Arifin, 2025). However, science learning practices in 

various contexts still tend to be detached from the socio-cultural realities of students, thereby limiting 

their opportunities to develop meaningful reasoning and relate it to their culture and life experiences. 

In line with these challenges, the integration of cultural context has become an important 

concern in science education. A student's understanding of science is significantly influenced by the 

culture and traditions in which they live (Baptista & Molina-Andrade, 2023). They do not only use 

scientific knowledge, evidence, and data in making decisions and reasoning about science (Ladachart 

& Ladachart, 2021) but also use their personal experiences and socio-cultural backgrounds (Mansour, 

2024; Mavuru & Ramnarain, 2020). Ethnoscience offers a framework for connecting local cultural 

practices with scientific explanations, allowing students to explore the empirical, procedural, and value 

dimensions inherent in traditional knowledge (Rexhepi & Bajrami, 2025). Indonesia has a wealth of 

traditions that have strong potential as a learning context, but studies examining how preservice 

teachers interpret and understand these traditions in a pedagogical context are still limited. 

At the same time, informal reasoning becomes an important lens for understanding how 

individuals evaluate complex issues involving evidence, cultural norms, and moral considerations 

(Han-Tosunoglu & Ozer, 2022). Local cultural practices in ethnoscience naturally contain value 

dilemmas, such as tensions between spiritual meaning, social norms, and scientific explanations that 

trigger informal reasoning when preservice teachers interpret them (Kara, 2025; Sadler, 2004). This 

situation requires to combine scientific evidence, moral considerations, and cultural perspectives 

through various forms of reasoning, such as scientific-rational, sociocultural, intuitive, and emotive 

reasoning. Because these value dilemmas are a key feature of ethnoscience practice, preservice teachers 

need to be trained to integrate culture and informal reasoning so that they can design science learning 

that is socioculturally sensitive but still based on scientific principles (Aziz & Johari, 2023; Zeidler & 

Nichols, 2009). 

Little research has examined how preservice teachers reason about local cultural practices 

through informal reasoning frameworks. Existing studies have tended to focus on students, single 

aspects of local wisdom, or conceptual understanding (Rizaldi et al., 2021; Sasmita et al., 2025) but have 

not yet described how preservice teachers evaluate the intersection between culture and science in a 

pedagogical context. To date, there has been no research that systematically examined the informal 

reasoning related to ethoscience issues in Minangkabau culture among science teacher candidates with 

the aim of fostering critical and creative thinking. 

Focusing on preservice teachers is important because they are key actors in bridging cultural 

relevance in science classrooms. Pedagogical content knowledge (PCK), professional noticing skills, 

belief systems, and the integration of various domains of knowledge greatly determine how culture-

based science learning will be implemented (Brown, J. C et al., 2022; Isa et al., 2022). Understanding how 

they reason about local cultural practices is a strategic step in designing teacher education programs 

that are capable of integrating ethnoscience in a meaningful and responsible manner and building 

socioculturally responsive professional competencies. 

Based on this urgency, this study aims to analyze the reasoning patterns of preservice science 

teachers regarding two Minangkabau cultural practices that are relevant to ethnoscience, namely batik 

tanah liek and the balimau tradition. The key points of this study lie in the integration of three main 

elements: (1) the use of an informal reasoning framework to analyze preservice teachers' responses to 

ethnoscience practices; (2) analysis of preservice teachers' decisions, reasons, and perspectives for using 

culture as learning material; and (3) the contribution of ethnoscience-based learning to the development 

of critical and creative thinking skills in preservice science teachers. Thus, this study contributes to the 

development of science education theory and practice that is more reflective, contextual, and sensitive 

to local cultural values in shaping 21st-century professional competencies. The findings are expected to 

provide a theoretical and pedagogical basis for strengthening critical thinking, creativity, and 

ethnoscience learning design in teacher education. 
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Ethnoscience-Based Learning 
 

Ethnoscience-based learning is a pedagogical approach that integrates local cultural knowledge 

and practices into formal science learning (Khery et al., 2025; Sumarni et al., 2025). This approach aims 

to bridge modern science with the cultural context of students (Idul & Fajardo, 2023; Yuliana et al., 2025) 

so that the learning process becomes more contextual, meaningful, and rooted in the social and cultural 

realities of students (Atmojo et al., 2025; Latip et al., 2024). Ethnoscience not only strengthens science 

literacy and ecological awareness but also increases appreciation for cultural heritage and develops an 

inclusive and pluralistic scientific attitude (Syahirah & Sriyati, 2024; Tovar-Gálvez, 2021). 

In the Indonesian context, various local traditions have empirical value, simple technology, and 

chemical and biological principles that can be interpreted within the framework of science learning. In 

this study, two Minangkabau cultural practices were used as the context for ethnosicence-based 

learning. Tanah liek is a fabric dyeing technique that uses clay as a distinctive natural dye and makes 

batik tanah liek last for decades (Roza, 2025). Balimau is a tradition of cleansing oneself using water mixed 

with lime, which involves acid-base reactions and natural antiseptic processes (Khairani et al., 2020). 

These two practices were chosen because they contain scientific concepts that can be studied together 

with their value and symbolic dimensions, thus having the potential to trigger scientific as well as 

moral-cultural reasoning. 

The selection of these two cultures with strong scientific and cultural dimensions positions 

ethnoscience not only as a learning context but also as a means to examine how preservice teachers 

assess, filter, and integrate cultural knowledge into their professional science practices. Culture has been 

shown to influence the quality and patterns of individuals' informal reasoning (Capkinoglu et al., 2020; 

D’Ambrosio, 2021). These two cultural practices provide an authentic context for understanding how 

preservice teachers who have grown up in that cultural environment construct their perspectives and 

pedagogical considerations (Reiser et al., 2021). Thus, strengthening the capacity of preservice science 

teachers to recognize, understand, and utilize ethnoscience is an important element in 21st-century 

science education reform (Sarkingobir & Bello, 2024). 

 

Perspective and Informal Reasoning 

 
Informal reasoning refers to the process of decision-making and argumentation by individuals 

when faced with complex, ambiguous, and value-laden situations (Beniermann et al., 2021; Sakamoto 

et al., 2021). In the context of science education, informal reasoning has been widely used to examine 

the responses of students and teachers to socioscientific issues (SSI), such as climate change, 

biotechnology, and vaccination (Jansong et al., 2022; Mnguni & Gasa, 2024). This reasoning 

demonstrated various considerations, including personal, social, cultural, and environmental aspects. 

These four aspects cannot always be explained through formal logic or scientific principles alone (Chan 

& Yeung, 2021; Zeidler, & Sadler, 2023).  

The ability to construct informal reasoning is an important indicator in assessing preservice 

teachers' readiness to deal with the complexities of classroom and community realities (Han-Tosunoglu 

& Ozer, 2022). Cultural, spiritual, and environmental considerations greatly influence argumentation 

and are effective in training preservice teachers' reflective sensitivity, critical thinking, and creativity 

(Budiarti et al., 2025). In science education, informal reasoning is important because it provides an 

overview of how preservice teachers assess information, construct arguments, consider risks and 

benefits, and integrate scientific perspectives with cultural values (Ladachart & Ladachart, 2021). 

However, research that integrates informal reasoning frameworks with ethnoscience contexts 

remains limited, particularly in science teacher education in Southeast Asia (Meral et al., 2021). Only a 

few studies have explored how local cultural practices can be used as a vehicle for training preservice 

teachers in informal reasoning and critical and creative thinking. Unlike previous studies, which 

generally examine ethnoscience from the perspective of students or merely map cultural elements 

descriptively, this study specifically highlights the reasoning process of preservice teachers when faced 
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with cultural dilemmas in ethnoscience practice. This focus provides a new contribution to 

understanding professional capacity, especially in integrating scientific knowledge, cultural values, and 

pedagogical considerations constructed through informal reasoning. 

 

Method 

 

Type of Research 
 

This study used an exploratory qualitative design with a descriptive thematic approach to 

examine how preservice science teachers construct informal reasoning when interacting with 

ethnoscience practices rooted in Minangkabau culture. This design was chosen because it enables 

participants' authentic responses, culture-based interpretations, and reasoning patterns that emerge 

without limiting responses to specific theoretical categories. The general structure of the analysis was 

adapted from the method used by Ladachart and Ladachart (2021). 

The exploratory nature of this study is in line with the objective of discovering variations in 

reasoning that emerge from the participants' perspectives, rather than testing hypotheses or measuring 

specific constructs. Therefore, this design well-suited for identifying the dynamics of preservice 

teachers' reasoning in the context of culture and ethnoscience. 

 

Participants  
 

This study involved 71 preservice science teachers (14 males and 57 females), aged between 22 

and 24 years. All participants were in their fourth and fifth years of a science teacher education program 

at a university in West Sumatra, Indonesia, which is rich in cultural diversity and local wisdom. The 

students were selected because they had taken more science and pedagogy courses and had sufficient 

micro-teaching experience to provide more mature pedagogical assessments and reflective reasoning. 

Participants were selected purposively to ensure that they had a foundation of pedagogical and 

scientific knowledge, experience and exposure to local cultural traditions, and had achieved a sufficient 

level of reflective maturity to evaluate the context of ethnoscience from a teaching perspective. 

Participants had diverse cultural and geographical backgrounds. Based on their place of residence, 

participants came from urban centers (n = 9), urban (n = 32), rural (n = 25), and remote rurar (n = 5) areas 

of their home provinces.  

 

Research Instruments 
 

Data were collected through a semi-structured questionnaire with open-ended questions. The 

questionnaire was designed to explore the attitudes, scientific explanations, cultural value evaluations, 

and informal reasoning of participants in two local cultural practices, namely batik tanah liek and the 

balimau tradition. The questionnaire was distributed offline in class, and participants filled it out 

independently within 30–40 minutes. To minimize external influences during data collection, lecturers 

or facilitators were not present while participants completed the questionnaire. 

The instrument consisted of (1) participant demographic information, (2) participant 

involvement in the two cultural practices, (3) decisions, reasons, and perspectives, and (4) perceptions 

of the potential of these cultures as science teaching materials that support critical and creative thinking 

skills. 
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Table 1 

Research instruments 

No Aspect Coding target 

 

Questionnaire 

Items  

Exploration focus 

1 Demographic 

information   

Gender, age, region of origin, family 

background, and geographical 

location    

A1–A4 Demographic description of 

participants 

2 Experience and 

involvement in 

culture 

Exposure to and experience with batik 

tanah liek and the balimau tradition 

B1–B4, C1–C2 Understanding individual 

backgrounds 

 Understanding the use of natural 

materials 

B5 Measuring locally based scientific 

reasoning abilities 

3 Decisions, 

reasons, and 

perspectives 

Views on the importance of 

preserving batik and balimau traditions 

B6, C5 Assessing awareness of cultural 

values and local identity 

 Perceptions of environmental impact B7 Assessing the ability to analyze local 

environmental issues 

4 The potential of 

culture as 

material for 

science learning 

 

Identification of science concepts in 

batik tanah liek and the balimau 

tradition 

B8, C4 Assessing the integration of culture 

and science 

 Eligibility as material learning based 

ethnoscience 

B9, C6 Testing the practical value of local 

culture in science education 

 Impact of ethnoscience on critical and 

creative thinking skills 

B10, C7 Assessing the relevance of local 

culture to the development of critical 

and creative thinking skills 

 Reasons for belief to be used as 

teaching material 

B11, C8 Measuring participants' level of 

argumentation and reflection 

 Reflective attitude and analysis of 

religious and cultural values 

(specifically balimau tradition) 

C6b Assessing reflective attitudes and 

cross-cultural analysis 

 

The instrument was validated by three experts to ensure content adequacy, clarity of meaning, 

and the suitability of each item with the focus of informal reasoning exploration. The experts’ 

evaluations were analyzed using Aiken’s validity formula (Aiken's, 1985). The validation results 

showed that the instrument is valid, with an average validity coefficient of 0.92, making it suitable for 

use as a data collection tool. 

To ensure credibility and dependability, the instrument was piloted with 22 preservice science 

teachers to assess readability, clarity of items, and flexibility of narrative responses. The pilot test results 

indicated the need for minor revisions, particularly by expanding the open-ended questions so that 

respondents could convey their experiences, reasons, and arguments in greater depth. Subsequently, a 

discussion was held among all researchers to revise the instrument based on expert input and the results 

of the pilot test. 

 

Data Analysis  
 

The data were analyzed using the five main stages of Clarke and Braun (2006) inductive 

thematic analysis. First, the researchers conducted readings to understand the narrative context and 

cultural values that emerged from the participants' responses. Second, open coding included coding for 

cultural engagement and coding attitudes. Third, the codes were grouped through axial coding by 

mapping them into four categories of informal reasoning. Fourth, the main themes are determined by 

analyzing patterns of reasoning in relation to teaching materials to enhance critical and creative 

thinking. Fifth, triangulation and inter-researcher discussions are conducted to harmonize 

interpretations, verify inter-researcher consistency, and ensure analytical quality. The data analysis 

process is as follows: 
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Figure 1 

Stages of data analysis 

 
 

The data were analyzed using the analytical framework developed by Ladachart and Ladachart 

(2021). This approach was chosen because it provides greater theoretical clarity, particularly for 

examining informal reasoning processes in the context of SSI, which can be applied in the context of 

ethnoscience. The data were categorized based on two main dimensions: (1) the respondents' informal 

reasons or considerations in making decisions and (2) their perceptions of the potential of these cultures 

as ethnoscience-based teaching materials for developing critical and creative thinking skills. 

 

Results 

 

Involvement in Batik Tanah Liek and The Balimau Tradition 

 
As shown in Figure 2, the level of participant involvement in the two cultural practices shows 

different patterns. Only 14 of the 71 preservice teachers had been directly involved in making batik tanah 

liek process, while 29 had been indirectly involved, and 28 had no experience at all. In contrast, 

involvement in the balimau tradition was much higher, with 44 participants taking part in it. This 

variation in experience influenced the patterns of informal reasoning that emerged in the qualitative 

responses. 

 

 

 

 

 

 

Initial Data Reading 

 

Read all answers thoroughly and 

repeatedly 

 

Cultural Engagement 

Coding 

Identifying the level of involvement 

in batik tanah liek and balimau 

traditions 

Attitude and Decision 

Coding 

 

Grouping attitudes and decisions 

regarding cultural preservation 

 

Classification of Informal 

Reasoning 

 

Grouping reasons into four 

categories: personal, cultural, social, 

and environmental 

 

Analysis of 21st Century 

Skills 

 

Filtering narratives of cultural 

relevance with critical and creative 

thinking skills 

 

Classification of 

Confidence Levels 

 

Analyzing the level of confidence in 

integrating ethnoscience into the 

educational context. 

 

Triangulation and Data 

Validation 

Cross-checking coding and 

categorization results 
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Figure 2 

Number of participants and level of involvement 

 
 

Participants with strong cultural involvement demonstrated richer cultural and social 

reasoning. In the balimau tradition, for example, “Balimau tradition is part of our customs before 

Ramadan, so if it is not done, it feels like a loss of family values” (P12). Conversely, participants without 

experience tended to rely on personal and intuitive reasoning, such as, “I only know that Balimau is 

bathing together, so I don't think it's very relevant to science” (P44). In the context of batik tanah liek, 

participants with direct experience displayed more scientific and environmental reasoning: “The use of 

clay as a natural dye can be studied from the aspects of material properties and chemical bonds that 

occur” (P07), and “Clay dyes are more environmentally friendly than chemical dyes” (P26). Conversely, 

participants without cultural experience showed personal, intuitive, or descriptive reasoning. 

The consistency of this pattern suggested that the higher the cultural involvement, the more 

complex and reflective the reasoning that emerges. Meanwhile, low involvement tended to produce 

shallow, intuitive reasoning that is not connected to scientific concepts. These findings show how 

cultural experiences shape preservice teachers' assessment of the value, meaning, and pedagogical 

potential of batik (Pavitola et al., 2024). 

Participants' engagement with batik tanah liek and the balimau tradition showed clear variations 

based on their region of residence, as shown in Figure 3. Respondents from urban areas were generally 

more familiar with batik tanah liek as a local craft product marketed in batik centers and souvenir shops, 

while respondents from rural areas were more familiar with the balimau tradition practiced in rivers or 

open water sources before Ramadan. These geographical differences not only determine cultural 

proximity but also influence the patterns of informal reasoning that emerge from participants' responses 

(Suri & Chandra, 2021). 

Respondents from rural areas tended to use socio-cultural and personal reasoning, especially 

regarding the values of togetherness and the spiritual meaning of balimau. This is reflected in the 

statement: "In our village, balimau is a moment to cleanse ourselves and gather before fasting. It feels 

incomplete if you don't participate” (P18). In contrast, participants from urban areas showed more 

scientific and environmental reasoning when describing batik tanah liek; for example, “Batik tanah liek is 

interesting because it uses clay for coloring and is more environmentally friendly. This can be explained 

by the nature of the material and the coloring process" (P69). 

 

 

 

 

 



Roza, Azhar, Festiyed, & Asrizal, 2026 

501 

  

Figure 3 

Percentage of participation by region of residence 

 

 
 

This difference in reasoning patterns indicates that geographical proximity shapes the epistemic 

orientation of preservice teachers, where proximity to social rituals encourages cultural and value-based 

reasoning, while proximity to material artifacts triggers scientific and ecological reasoning. These 

findings are consistent with ethnoscience literature, which asserts that local experiences, cultural 

identity, and ecological proximity strongly influence how individuals construct arguments on cultural 

and scientific issues (Sakamoto et al., 2021) 

 

Decisions, Reasons, and Perspectives 
 

Participants' choices about these topics were often reflected in their participation in the two 

cultural activities. Participants' decisions on whether the batik tanah liek and the balimau tradition should 

be abolished or preserved are illustrated in Figure 4. 

 

Figure 4 

Participants' decisions to preserve or cancel 

 
 

Support for the preservation of batik tanah liek was generally based on rational-scientific, 

sociocultural, and environmental reasoning, mainly because of its unique natural dyeing practices as 

well as its economic and aesthetic value. This was reflected in the statement: “Batik tanah liek must clearly 

be preserved because of its distinctive dyeing technique” (P11). In contrast, decisions regarding the 
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balimau tradition were more influenced by personal, religious-moral reasoning and community values, 

so support for its preservation was lower and often conditional. One participant stated, “The balimau 

tradition is good for togetherness, but it must be directed so that it does not conflict with religious 

values” (P34). 

This pattern was in line with recent findings on socioscientific issues, which show that 

individual decisions regarding cultural practices are greatly influenced by the integration of moral 

values, cultural identity, and scientific considerations (Kılaç, 2024; Tekin & Aslan, 2024). The latest 

ethnoscience literature also confirms that preservice teachers' perceptions of cultural practices are 

determined by the extent to which these practices are considered consistent with spiritual values and 

relevant to the context of science education (Festiyed et al., 2026). Thus, the difference in decisions 

between the two cultures depended not only on the level of participant involvement but also on how 

they prioritize scientific, cultural, and religious values in the informal reasoning process that shapes 

their evaluation of the potential of these practices as sources of ethnoscience-based learning. 

Participants indicated that batik tanah liek and the balimau tradition contain scientific concepts 

that can be reconstructed into science learning materials, covering aspects of chemistry, biology, and 

physics. As shown in Figure 5, the majority of participants considered that these two cultural practices 

are suitable for use as ethnoscience-based teaching materials. 

 

Figure 5 

Decision to develop ethnoscience-based teaching materials 

 

 
 

The participants' decision to recommend both cultural practices was driven by personal 

reasoning, evident in their belief that culture-based learning experiences can improve understanding of 

scientific concepts and relate the material to everyday life. For example, one participant stated, “Batik 

tanah liek has the potential to be used as teaching material because the process is easy for students to 

understand and is directly related to science concepts” (P52). Social reasoning emerged strongly, 

especially in the balimau tradition, in which participants assessed that this practice contained values of 

togetherness, public health, and social interaction that were relevant to learning. Cultural reasoning was 

reflected in arguments that emphasized the importance of preserving ancestral heritage and emotional 

connections to culture as part of meaningful learning. Environmental reasoning was evident in 

participants who assessed the potential of teaching materials based on aspects of ecological 

sustainability. Batik tanah liek was considered relevant for teaching green chemistry principles through 

the use of natural dyes. 

These findings indicate that informal reasoning in a cultural context involves a combination of 

personal, social, cultural, and environmental aspects, which together shape participants' decisions 

regarding the suitability of a practice to be used as science teaching material (Ladachart & Ladachart, 
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2021). Furthermore, these results are consistent with recent literature showing that ethnoscience can 

strengthen authentic learning contexts and stimulate the development of critical and creative thinking 

in preservice teachers through explicit links between local culture and scientific concepts (Bicaj et al., 

2024; Gürhan, 2025; Koirala, 2023).  

Preservice teachers' decisions to recommend batik tanah liek and the balimau tradition as 

ethnoscience teaching materials were primarily grounded in cultural reasoning.  Figure 6 shows a 

pattern of reasoning that reflected the integration of personal, social, cultural, and environmental 

aspects. A total of 87% of participants considered batik tanah liek worthy of integration as teaching 

material because it was considered a cultural heritage rich in educational value, while 60% gave similar 

reasons for the balimau tradition. 

Figure 6 

Reasons for deciding on this culture as ethnoscience-based teaching material 

 
 

Personal reasons were reflected in responses that adressed the direct benefits of these cultural 

practices on student understanding and the potential for meaningful learning, such as “Batik tanah liek 

should be used as teaching material because the process contains many chemical and environmental 

concepts that are easy to explain to students” (P34). Social reasoning was particularly evident in 

responses related to balimau, where participants saw balimau as a means of understanding the 

relationship between humans and the environment and collective behavior. Cultural reasoning 

emerged from arguments emphasizing local identity, preservation of ancestral heritage, and cultural 

relevance in science education: “Balimau has become a tradition passed down from generation to 

generation. Teaching it in school will make students feel that our culture is valued” (P47). 

Environmental reasoning was evident in participants' concern for ecological sustainability and 

environmental impact: “The process of dyeing batik with natural dyes is more environmentally friendly 

than synthetic dyes” (P14); and “If the balimau tradition is not controlled, waste and soap can pollute 

the water. This is relevant to the topic of environmental pollution” (P58). 

The results show that participants' decisions were an integration of scientific assessment, socio-

cultural considerations, ecological reflection, and personal experience. This emerging pattern was in 

line with the framework of SSI, which asserts that informal reasoning in a cultural context involves 

complex interactions between emotions, intuition, scientific rationality, and socio-cultural values. These 

findings are consisted with recent research showing that ethnoscience enriches knowledge construction, 

strengthens authentic learning contexts, and facilitates the development of critical thinking in preservice 

teachers (Khusniati et al., 2023; Putu Verawati et al., 2022). 

Analysis of participants' perspectives (Figure 7) shows that the majority of preservice teachers 

view batik tanah liek as having strong potential for developing critical thinking skills (86%) and creativity 

(85%), while the level of belief in the balimau tradition was relatively lower. 

 



Journal of Turkish Science Education 

504 

 

Figure 7 

Perspective on ethnoscience-based teaching materials to improve critical and creative thinking 

 
 

The critical thinking skills that emerged included the participants' ability to analyze cause-and-

effect relationships in the batik production process, such as the effect of soaking the fabric in clay and 

the effect of pH changes on color. As one participant stated, “Batik tanah liek helps me think more 

carefully because every stage of its production has a scientific reason” (P32). Creativity was also evident 

in the participants' ability to propose innovative solutions, such as recommending various plants as 

natural dyes or developing learning media that combines batik motifs and visualizations of chemical 

compound structures. This pattern was in line with the latest literature findings, which show that 

cultural context can stimulate critical and creative thinking in preservice teachers (Falah et al., 2024; 

Fitrianto & Farisi, 2025; Harjono et al., 2025). Thus, participants' belief in the effectiveness of batik tanah 

liek and balimau as ethnoscience teaching materials were not merely a positive perception but is reflected 

in their real cognitive experiences when they reason critically, creatively, and contextually through 

cultural practices. 

 

Perception to Potential as Science Teaching Materials 
 

Analysis of participants' beliefs (Figure 8) showed that 92% of preservice teachers believed that 

batik tanah liek has strong potential to support the development of 21st-century skills, especially critical 

and creative thinking skills. Belief in the balimau tradition was lower, mainly because participants 

considered that its religious and ecological context requires more careful pedagogical consideration. 

Preservice teachers' perceptions of the potential of batik tanah liek and the balimau tradition as 

science teaching materials were predominantly influenced by scientific-environmental reasoning, as 

participants mainly assessed the suitability of teaching materials based on the existence of science 

concepts that could be explored and aspects of environmental sustainability. For example: “Batik tanah 

liek has the potential to teach stoichiometry, chemical bonds, material properties, and natural dyes” 

(P52). Next is cultural reasoning, in the form of reasons for preserving local identity and heritage values 

that facilitate contextual learning. For example: This batik is the heritage of our ancestors; by teaching it, 

we will also preserve our culture” (P34). 
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Figure 8 

Belief in ethnoscience-based teaching materials can improve 21st century skills 

 
 

These findings were in line with the results of ethnoscience research and informal reasoning 

studies, which show that preservice teachers tend to prioritize direct relevance to science concepts and 

environmental issues when assessing pedagogical potential, while cultural and social reasons support 

the relevance of the learning context (Zidny & Eilks, 2022; Koirala, 2023; Sya’ban et al., 2024). These 

findings were also consistent with research emphasizing that ethnoscience strengthens higher-order 

thinking constructs and 21st-century science literacy (Dewi et al., 2019; Atmojo et al., 2025). Thus, the 

participants' beliefs reflect a mature pedagogical understanding of how cultural contexts can be utilized 

as conceptual and methodological bridges in modern science education. 

Discussion 
 

The results of the study show that preservice science teachers had a high level of cultural 

involvement and awareness of batik tanah liek and the balimau tradition, two local practices unique to 

Minangkabau that are rich in scientific and social values. This involvement was an important basis for 

developing an ethnoscience approach in science education, where traditional knowledge is not 

positioned as opposed to modern science but as a source of contextual learning that enriches students' 

understanding of science (Aydin-Ceran, 2021; Syahirah & Sriyati, 2024). 

Preservice teachers' interpretations of batik tanah liek and the balimau tradition as ethnoscience 

contexts were greatly influenced by variations in cultural experiences, family backgrounds, and 

ecological proximity to these traditional practices. Thematic analysis showed that four forms of informal 

reasoning—personal, social, cultural, and environmental—were consistently arranged in the 

participants' responses and explained the differences in how preservice teachers interpret the two 

cultural practices as sources of science learning. These findings become more comprehensive when 

examined using the Ladachart and Ladachart (2021) framework, which maps emotional, intuitive, 

scientific rational, and socio-cultural reasoning as part of the informal thinking structure in 

socioscientific issues. 

Participants with high cultural experience, especially those directly involved in balimau or who 

had visited a batik tanah liek house or center, tended to demonstrate scientific rational reasoning. They 

were able to identify scientific mechanisms in cultural processes, such as chemical bonds in the batik 

dyeing process, the physical properties of clay, diffusion and temperature changes, and the ecological 

dynamics of rivers in the balimau tradition. This reasoning demonstrates the participants' ability to 

perform causal analysis, evaluate evidence, identify scientific variables, and construct justifications 

based on scientific mechanisms. Theoretically, this pattern suggested that concrete cultural experiences 

function as cognitive triggers that strengthen critical thinking structures and activate conceptual 
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creativity, namely the ability to produce alternative procedures, modify techniques, or design new 

representations of scientific processes. 

Conversely, participants with low cultural experience more often demonstrated intuitive 

reasoning. They often gave assessments such as “suitable” or “irrelevant” as science teaching materials 

without arguments. This is consistent with the theory of informal reasoning, which states that intuition 

dominates when individuals do not have direct experience or substantive knowledge of an issue (Tarzi, 

2025). Meanwhile, emotional reasoning emerged strongly in the balimau tradition, which was view as a 

spiritual and communal practice rich in moral values. Emotions such as pride, a sense of belonging, and 

religious sensitivity influenced participants' decisions, leading them to assess the practice with 

pedagogical caution. This factor explains why support for balimau as teaching material was lower than 

for batik tanah liek, as the practice carries moral dilemmas and religious sensitivities that demand 

pedagogical caution. 

Socio-cultural reasoning appeared dominant when participants highlighted the function of 

tradition as collective identity, ancestral heritage, and communal practices that have educational 

relevance. This form of reasoning demonstrated the participants' ability to weigh the harmony between 

cultural values, learning objectives, and the social and spiritual impacts of integrating culture into 

science. Meanwhile, environmental reasoning was strongest in the context of batik tanah liek, particularly 

in relation to the use of natural dyes, ecological sustainability, and the issue of river pollution in balimau 

activities. These findings were in line with studies that confirm that the ethnoscience context allows for 

complex interactions between values, scientific evidence, and ecological considerations in decision-

making (Beniermann et al., 2021; Sakamoto et al., 2021). 

Culture functions not only as a context but also as a trigger for critical and creative thinking 

skills. Batik tanah liek offered participants opportunities to analyze the cause and effect relationships in 

the color fixation process by using natural materials, identify variables such as pH and mordant type, 

and evaluate the influence of clay quality on dye and fabric durability. Such analytical activities 

encouraged the development of scientific argumentation and conceptual creativity relevant to science 

learning. Participants also proposed innovations such as exploring natural dye sources from local 

plants, varying maceration techniques, or designing batik-motif-based learning media. The balimau 

tradition, despite its religious connotations, sparked creative ideas on topics such as health, river 

ecosystems, and human-environment behavior. These patterns support the finding that authentic 

cultural contexts enhance preservice teachers' constructive, divergent, and analytical abilities (Idul & 

Fajardo, 2023). 

Furthermore, culture has been shown to stimulate epistemic curiosity, especially when 

participants discover discrepancies between cultural explanations and scientific mechanisms. This 

epistemic curiosity encourages deeper exploration and plays an important role in developing inquiry-

based learning. In the context of batik tanah liek, participants questioned how clay also functions as a 

color and fabric preservative, why pH changes cause color changes, and how chemical reactions occur 

in the fixation process. In the balimau tradition, participants questioned how balimau activities affect 

body hygiene and river ecological parameters. It is this epistemic curiosity that strengthens scientific 

argumentation and provides the basis for the development of inquiry-based learning. In ethnoscience-

based learning, this scientific argumentation is obtained from the results of analyzing the reconstruction 

of the community's original science into scientific science. It is this scientific reconstruction that 

facilitates the simultaneous development of critical and creative thinking skills. 

The implications of these findings for teacher education are significant. First, teacher education 

programs need to explicitly integrate ethnoscience into PCK and TPACK so that preservice teachers not 

only understand scientific concepts but also able to relate them to cultural contexts in a sensitive and 

scientific manner. This integration can be achieved through cultural analysis assignments, interactive 

learning media such as ethnovlogs, ethnoscience-based learning designs, or field experiences involving 

local practices (Sudarmin et al., 2020). This study emphasizes the importance of training preservice 

teachers to adress socio-cultural dilemmas—such as conflicts between religious values and traditional 

practices—through case-based reasoning, reflective dialogue, and culturally responsive pedagogy. 
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Third, teacher education programs need to strengthen professional competencies in evaluating evidence 

and constructing scientific arguments, given that intuitive and emotional reasoning still dominates 

among participants with low cultural engagement. Fourth, these findings indicate that direct experience 

with local culture can deepen preservice teachers' pedagogical sensitivity, so educational institutions 

need to facilitate authentic experiences to strengthen the relationship between culture, science, and 

learning. 

Overall, this study confirms that the integration of ethnoscience functions not only as a 

contextual approach but also as an epistemological space in which preservice teachers develop critical 

reasoning, creativity, and socio-cultural sensitivity. The variations in informal reasoning found reveal 

the complexity of how preservice teachers combine scientific evidence, cultural values, emotional 

experiences, intuition, and ecological considerations to understand socioscientific issues. Thus, 

ethnoscience has the potential to become an important foundation in developing a culturally responsive 

teacher education curriculum that equips preservice educators to adress the diversity of values and 

complexities of 21st-century science education. 

 

Conclusion 
 

This study indicates that preservice teachers' informal reasoning in evaluating batik tanah liek 

and the balimau tradition is influenced by cultural experiences, family background, and ecological 

proximity. Four categories of reasoning—personal, social, cultural, and environmental—emerge as the 

main framework explaining how preservice teachers weigh the scientific, social, and pedagogical values 

of this ethnoscience. These findings make an important theoretical contribution by expanding the 

ethnoscience framework through the integration of the informal reasoning dimension so that cultural 

meaning in science education is not only understood as the transfer of local knowledge but as a cognitive 

process involving the evaluation of evidence, cultural intuition, and moral and social considerations. 

The resulting reasoning categorization model offers new analytical contributions that can be used to 

examine how preservice teachers construct scientific arguments in ethnoscience.  

This study directly addresses a gap in the literature on how preservice teachers argue about 

cultural practices in the context of ethnoscience to develop critical and creative skills, a theme that is 

still rarely researched in the context of Southeast Asia. The dilemma between religious-moral values 

and scientific accuracy was found to influence how preservice teachers make pedagogical decisions. 

They view this conflict of values as a professional challenge that requires a balance between scientific 

integrity, respect for students' beliefs, and cultural sensitivity. From the perspective of preservice 

teachers, value conflicts are not considered obstacles but rather spaces for negotiation that must be 

carefully managed through culturally responsive pedagogical approaches. The findings of this study 

emphasize the importance of exploring local culture as a means of training prospective teachers' logical 

thinking skills, because cultural contexts provide authentic phenomena that stimulate evidence 

analysis, scientific reasoning, and value evaluation. Furthermore, this study emphasize the necessity to 

integrate ethnoscience into the teacher education curriculum and to use informal reasoning models as 

assessment tools to map prospective teachers' epistemological readiness in dealing with culture-based 

socioscientific issues. 

 

Limitation 
 

This study has several limitations that need to be considered in interpreting the findings. First, 

the use of open-ended questionnaires as the main instrument limits the depth of analysis, as the 

qualitative data produced is declarative and does not allow for a more comprehensive exploration of 

the dynamics of participants' reasoning in real situations. Second, cultural and religious topics—

particularly those related to the balimau traditions—have the potential to produce social desirability 

bias, so that some participants may give answers that are considered most socially or religiously 

acceptable. Third, data interpretation may be influenced by researcher positionality, given that the 
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researchers were in the same cultural context as the participants. Although this potential bias was 

minimized through discussions among researchers and peer debriefing, reflection on the researchers' 

position remains an important consideration in culture-based qualitative research. 

 

Suggestion 
 

Based on the research results and existing limitations, several recommendations are put forward 

for further research and ethnoscience education practices. 

 

Recommendations for Further Research 
 

Future research needs to develop a specific informal reasoning framework for ethnoscience so 

that socio-cultural practices in science education can be analyzed more systematically. In addition, 

quasi-experimental studies are needed to test the effectiveness of ethnoscience interventions on critical 

thinking, creativity, and science literacy. An ethnoscience-based teacher education model that integrates 

PCK/TPACK, cultural dilemma analysis, and informal reasoning development also needs to be 

developed. 

 

Practical Suggestions for Education and Learning 
 

Lecturers who teach at educational institutions are advised to integrate ethnoscience-based 

microteaching so that students practice designing and reflecting on science learning based on local 

culture. School teachers need to implement cultural practice analysis, science concept mapping, and 

contextual socioscientific issue discussions to strengthen the relevance of learning. Curriculum 

developers need to prepare assessment rubrics for culture-based informal reasoning that cover 

scientific, social, moral, and environmental dimensions. Schools and communities also need to expand 

collaboration with batik artisans, traditional leaders, or cultural actors to provide authentic experiences 

that support deep learning and ethnoscience-based science. 
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