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Scientific literacy is an essential competency in twenty-first-century science education, yet 

Indonesian students’ achievement in this area remains relatively low. One possible 

contributing factor is the limited availability of contextual teaching materials that connect 

formal science concepts with students’ sociocultural environment. This study aimed to 

analyze the effect of ethnoscience-integrated science teaching materials on eighth-grade 

students’ scientific literacy at MTs. Birrul Walidaini NW Bertong. The study employed a 

quantitative pre-experimental method with a one-group pretest-posttest design involving 20 

students selected through saturated sampling. Data were collected using a scientific literacy 

test and analyzed descriptively and inferentially through normalized gain (N-gain), the 

Shapiro-Wilk normality test, and a paired-sample t-test. The results showed a statistically 

significant increase in students’ scientific literacy (p < 0.05), with the mean score rising from 

54.95 on the pretest to 78.60 on the posttest, and an average N-gain of 0.575, placing it in 

the medium category. These findings suggest that ethnoscience-integrated teaching materials 

are highly effective in improving scientific literacy, particularly when implemented through 

guided inquiry with adequate teacher scaffolding, by bridging abstract scientific concepts 

with students’ everyday cultural realities. The study provides empirical support for culturally 

responsive, context-based science learning and offers practical implications for the 

development of science teaching materials in madrasah settings. 
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INTRODUCTION 

Scientific literacy has become one of the most 

important goals of contemporary science education because 

students are expected not only to master scientific concepts 

but also to interpret evidence, evaluate claims, and make 

responsible decisions in everyday life (Valladares, 2021; 

Ke et al., 2021; Almeida et al., 2023; Sjöström, 2025). One 

promising approach to developing this multidimensional 

competence is integrating ethnoscience into science 

teaching materials. Ethnoscience refers to local knowledge, 

cultural practices, community experiences, and indigenous 

perspectives that can be reconstructed and connected to 

formal school science (Andayani, 2021; Alifa & Zainil, 

2025). In science education, local and indigenous 

knowledge are increasingly recognized as valuable 

resources for making learning more culturally responsive, 

sustainability-oriented, and epistemically inclusive (Zidny 

et al., 2020; Zidny et al., 2021; Latip et al., 2024; 

Rasmawan et al., 2025). This approach is particularly 

relevant to the MTs (Islamic junior high school) context, 

where students’ learning experiences are intricately shaped 

by community values, local traditions, and daily 

sociocultural practices that are intertwined with Islamic 

values. In madrasah education, science learning is expected 

not only to transmit concepts but also to remain connected 

to students’ lived realities. Therefore, ethnoscience-

integrated science teaching materials are urgently needed to 

function as a bridge between formal scientific concepts and 

the local world already familiar to students. 

The urgent need for this contextual approach is 

evidenced by the persistently low levels of scientific 

literacy among Indonesian students. According to the 

OECD, Indonesia’s performance in science on PISA 2022 

remained far below the OECD average, indicating that 

many students still have difficulty applying scientific 

knowledge in authentic contexts (OECD, 2023). A direct 

contributing factor to these low scores is that science 
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instruction often remains decontextualized, relies heavily 

on abstract formulas, and is insufficiently connected to 

students’ local sociocultural realities. When science is 

taught mainly as abstract concepts, students may perceive 

it as distant from their own lives rather than as a relevant 

tool for understanding the world. Recent literature 

emphasizes that context-based science education makes 

learning more inclusive and meaningful for diverse learners 

(Hüfner et al., 2025; Pinneo & Benton, 2024). In this sense, 

context is not merely an example added to a lesson, but a 

pedagogical entry point. Research has shown that 

integrating ethnoscience into science learning can 

effectively address this gap by supporting scientific and 

environmental literacy and students’ perception of 

science’s relevance in daily life (Dewi et al., 2019; Dewi et 

al., 2021; Hikmah et al., 2025). 

Despite its proven advantages, significant 

problems remain in its practical application and in the 

existing literature. Practically, as observed at MTs. Birrul 

Walidaini NW Bertong, the science learning process is not 

optimal due to teachers’ limited mastery in developing 

innovative, culture-based teaching materials. This 

condition is further evidenced by students’ daily science 

scores, which often fall below the minimum passing 

threshold, leading to a heavy reliance on conventional 

printed textbooks that lack integration of local wisdom. 

Furthermore, a review of the literature reveals a clear 

research gap. Although ethnoscience has been widely 

discussed, the available evidence remains fragmented. 

Several studies have highlighted the value of local 

knowledge, but many have focused on broad curriculum 

innovation, cultural literacy, critical thinking, or 

sustainability-related outcomes without explicitly targeting 

the junior high school (SMP/MTs) level with a primary 

focus on scientific literacy (Latip et al., 2024; Atmojo et al., 

2025; Rasmawan et al., 2025). A recent systematic review 

also indicates that while ethnoscience shows promise, its 

implementation varies substantially across educational 

levels, instructional models, and targeted learning 

outcomes (Hikmah et al., 2025). Consequently, more 

specific empirical evidence is still needed regarding 

whether ethnoscience-integrated teaching materials can 

directly overcome these practical and theoretical problems 

in the madrasah context. 

Therefore, the novelty of this study lies in 

positioning ethnoscience-based teaching materials not 

merely as supplementary media, but as the main 

instructional intervention, particularly when delivered 

through guided inquiry, which serves as a highly effective 

implementation strategy for junior high school students to 

directly strengthen scientific literacy. This distinguishes the 

present study from previous research which largely focused 

on elementary school levels (Suryanti et al., 2020), targeted 

other competencies like critical thinking (Atmojo et al., 

2025), emphasized STEM-PBL integration without a 

primary scientific literacy focus (Utami et al., 2025), 

highlighted general module feasibility (Setiawan et al., 

2017), or yielded low-to-moderate improvements without 

explicit evidence for MTs contexts (Saefullah et al., 2017; 

Zulirfan et al., 2023). Accordingly, this study aims to 

analyze the effect of ethnoscience-integrated science 

teaching materials on students’ scientific literacy through a 

quantitative pre-experimental approach with a one-group 

pretest-posttest design. The findings are expected to 

contribute theoretically to the growing literature on 

culturally responsive science learning and practically 

provide a concrete reference for developing ethnoscience-

based science modules or teaching materials for other 

public and private madrasahs in Indonesia (Yacoubian, 

2018; Pinneo & Benton, 2024; Sjöström, 2025). 

MATERIALS AND METHODS 

Time and Place 

This research was conducted from June to July 

2024 at MTs. Birrul Walidaini NW Bertong. The 

intervention was implemented in two instructional 

meetings, each lasting 2 x 40 minutes (two class hours). The 

school was selected because it represents a learning context 

in which students are closely connected to local cultural 

practices, while ethnoscience-based science teaching 

materials had not yet been systematically implemented. The 

participants were eighth-grade students with relatively 

similar school backgrounds and limited prior exposure to 

ethnoscience-based contextual science teaching materials. 

Research Design 

This study employed a quantitative pre-

experimental method using a one-group pretest-posttest 

design. This design is expressed in the notation O1 - X - 

O2, where O1 refers to the pretest administered before the 

intervention to measure students’ initial scientific literacy, 

X refers to the treatment in the form of learning using 

ethnoscience-integrated science teaching materials, and O2 

refers to the posttest administered after the intervention to 

measure students’ final scientific literacy. Thus, the 

difference between O1 and O2 was used to identify changes 

in students’ scientific literacy after the treatment. This 

design is useful for examining changes within the same 

group before and after an intervention, although its findings 

should be interpreted with caution because the absence of a 

control group limits the ability to draw strong causal 

inferences (Knapp, 2016). 

Population and Sample 

The population in this study consisted of all 20 

eighth-grade students of MTs. Birrul Walidaini NW 

Bertong in the 2023/2024 academic year. Because the 

population size was relatively small, saturated sampling 

was used, meaning that all members of the population were 

included as research participants (Sugiyono, 2019). This 

technique allowed the data to represent the condition of the 

entire target population in the class. The independent 

variable in this study was the use of ethnoscience-integrated 

science teaching materials, while the dependent variable 

was students’ scientific literacy. In this study, scientific 

literacy was operationally defined as students’ ability to 

explain scientific phenomena, interpret data and evidence 

scientifically, and apply scientific concepts in relevant 

everyday contexts (Ke et al., 2021; Almeida et al., 2023; 

Sjöström, 2025). 

Research Prosedure 

The research procedure consisted of four stages: 

subject determination, preparation, implementation, and 

analysis. In the first stage, all eighth-grade students were 

designated as the research sample. In the second stage, the 

researcher prepared and validated the ethnoscience-

integrated science teaching materials, prepared the 
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scientific literacy test instrument, and developed the lesson 

plans for the topic of Force and Newton’s Laws. In the third 

stage, students first completed a pretest to measure their 

initial scientific literacy. The intervention was then carried 

out in two meetings utilizing a guided inquiry approach, as 

providing adequate teacher scaffolding is highly effective 

for junior high school students. In the first meeting, students 

were introduced to contextual phenomena drawn from local 

cultural practices and guided to identify scientific concepts 

related to force and motion. In the second meeting, students 

analyzed these phenomena using ethnoscience-integrated 

science teaching materials, discussed the relationship 

between local practices and formal scientific concepts, and 

completed follow-up tasks to strengthen scientific 

reasoning. After the intervention, students completed a 

posttest to assess their final level of scientific literacy. The 

learning process was facilitated by the same teacher, and 

prior to implementation, the teacher received a short 

briefing regarding the use of the teaching materials. In the 

fourth stage, pretest and posttest data were analyzed to 

determine the level and significance of improvement in 

students’ scientific literacy. 

Data Analysis Techniques 

The primary research data were collected using a 

scientific literacy test administered before (pretest) and 

after (posttest) the intervention. The data were analyzed 

descriptively and inferentially. Descriptive analysis was 

used to characterize the data using the mean, minimum 

score, maximum score, and standard deviation. To 

determine the magnitude of improvement, the normalized 

gain (N-gain) was calculated and categorized as low, 

medium, or high. In the context of this study, a medium N-

gain was interpreted as a meaningful improvement because 

the intervention was conducted within a limited duration of 

two meetings. Furthermore, to test the significance of the 

difference between pretest and posttest scores, a paired-

samples t-test was conducted at the 0.05 significance level. 

Before performing the t-test, the normality of the score 

differences was examined using the Shapiro-Wilk test 

(Afifah et al., 2022). If the data had not met the assumption 

of normality, the planned alternative non-parametric 

analysis was the Wilcoxon signed-rank test (Okoye, K., & 

Hosseini, S., 2024). The scientific literacy instrument was 

validated through expert judgment. 

 

RESULTS AND DISCUSSION  

Result 

Results of Students’ Science Literacy Pretest and Post-test 

Students’ scientific literacy scores were converted 

into a 0–100 scale for analysis. The instrument consisted of 

essay and HOTS-based items designed to assess students’ 

ability to explain scientific phenomena, interpret evidence, 

and apply scientific concepts in contextual situations. 

Based on the pretest and posttest data from 20 students, an 

increase in scientific literacy scores was observed after 

students learned using ethnoscience-integrated science 

teaching materials. Descriptively, a comparison of test 

scores is presented in Table 1. 

 

 

 

 

Table 1. Descriptive statistics of pretest and posttest scores 

Data n Minimum Maximum Mean 

Pretest 20 35 88 54,95 

Posttest 20 48 96 78,60 

Table 1 shows that the mean pretest score of 54.95 

increased to 78.60 in the posttest, representing an average 

increase of 23.65 points. In addition, the minimum score 

increased from 35 to 48, and the maximum score increased 

from 88 to 96. These findings indicate that the improvement 

occurred not only at the class-average level but also across 

students’ individual performance. 

Test Result Improvement Based on N-Gain 

To determine the magnitude of improvement, the 

pretest and posttest scores were analyzed using normalized 

gain (N-gain). The calculation results are presented in 

Tables 2 and 3. 

Table 2. Results of N-gain Analysis 

Indicator Value 

Pretest Mean 54,95 

Posttest Mean 78,60 

N-gain Mean 0,575 

 
Table 3. Distribution of N-gain Categories 

N-gain Category n Percentage (%) 

Low 3 15 

Medium 10 50 

High 7 35 

As shown in Table 3, the mean N-gain score was 

0.575, which falls into the medium category. Meanwhile, 

Table 4 shows that 10 students (50%) were in the medium 

N-gain category, 7 (35%) in the high category, and 3 (15%) 

in the low category. These results indicate that, overall, the 

ethnoscience-integrated science teaching materials were 

effective in producing meaningful gains in students’ 

scientific literacy within a short intervention period. 

Although the present analysis focuses on overall scores 

rather than indicator-level gains, the findings still provide 

evidence of a positive shift in students’ scientific literacy 

performance. The three students who remained in the low 

N-gain category may reflect individual differences in 

readiness, participation, or adaptation to the instructional 

approach; however, further qualitative investigation would 

be necessary to explain these differences more accurately. 

Results of Normality Test and Hypothesis Test 

Before testing the effect of the intervention, the 

normality of the score differences (posttest minus pretest) 

was examined using the Shapiro-Wilk test (Table 4). 

Table 4. Results of the normality test 

Data W Statistic Sig. Description 

Pretest posttest 

difference 
0,947 

0,321 Normal 

The result showed a significance value of 0.321 (p 

> 0.05), indicating that the data were normally distributed. 

Therefore, a paired-sample t-test was used to test the 

significance of the difference between pretest and posttest 

scores (Table 5). 
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Table 5. Results of the paired sample t-test 

Comparison 
Mean 

difference 
t df Sig. (2-tailed) 

Pretest-

posttest 
23,65 

13,760 19 0,000 

The t-test result showed a mean difference of 

23.65 (t = 13.760, df = 19, p = 0.000), indicating a 

statistically significant difference between the pretest and 

posttest scores. Thus, it can be concluded that the use of 

ethnoscience-integrated science teaching materials had a 

significant positive effect on students’ scientific literacy. 

Based on the available t-value and sample size, the 

intervention also showed a very large practical effect 

(Cohen’s dz = 3.08). Although the increase from 54.95 to 

78.60 reflects substantial classroom-level progress, the 

result should not be interpreted as directly equivalent to 

national or international PISA benchmarks, as this study 

used an internal instructional assessment rather than the 

standardized PISA instrument (OECD, 2023). 

Discussion 

Effect of Ethnoscience-Integrated Teaching Materials on 

Students’ Scientific Literacy  

The findings of this study indicate that 

ethnoscience-integrated science teaching materials 

contributed positively to students’ scientific literacy. This 

conclusion is supported by three main results: the increase 

in the mean score from 54.95 in the pretest to 78.60 in the 

posttest, the average N-gain score of 0.575 in the medium 

category, and the statistically significant paired-sample t-

test result. Taken together, these results suggest that the 

intervention was associated with meaningful improvement 

in students’ scientific literacy within the same class, even 

though the study did not include a control group. This 

finding is important because scientific literacy is now 

widely understood not merely as the recall of scientific 

facts, but as a multidimensional competence involving the 

ability to explain phenomena, interpret evidence, and use 

scientific knowledge in meaningful social and personal 

contexts (Valladares, 2021; Ke et al., 2021; Almeida et al., 

2023; Sjöström, 2025). In other words, improvement in 

scientific literacy suggests that students are becoming 

better able to engage with science as a way of thinking 

about everyday life rather than as a body of isolated 

concepts. 

The Reason Ethnoscience-Integrated Materials May 

Improve Scientific Literacy  

One likely explanation for the improvement is that 

ethnoscience-integrated teaching materials made science 

learning more contextual. Recent research on context-based 

science education shows that context does not merely 

function as an example added to a lesson; it can also serve 

as a pedagogical bridge that increases relevance, 

accessibility, and inclusion in science learning (Hüfner et 

al., 2025). In the present study, the teaching materials 

successfully played this bridging role by connecting the 

topic of Force and Newton’s Laws to concrete local cultural 

experiences. For instance, rather than illustrating 

mechanical force with abstract blocks on frictionless 

planes, the materials prompted students to analyze the 

forces and physical principles in the traditional Peresean 

(Lombok stick-fighting) art. By examining the action-

reaction forces (Newton’s Third Law) when a rattan stick 

strikes a shield, or analyzing the acceleration and mass 

involved in a fighter’s swing (Newton’s Second Law), 

students were able to contextualize abstract physics within 

a familiar, culturally significant practice. This 

interpretation aligns with discussions emphasizing that 

local knowledge enriches science learning best when 

explicitly connected to scientific reasoning (Zidny et al., 

2020; Latip et al., 2024; Rasmawan et al., 2025). 

The Role of Cultural Relevance in Supporting Student 

Meaning-Making  

A second explanation concerns cultural relevance. 

Research suggests that students learn science more 

meaningfully when their cultural backgrounds and 

community knowledge are treated as legitimate resources 

for learning, thereby promoting academic meaning-making 

and equitable participation (Pinneo & Benton, 2024). When 

students encounter scientific concepts through situations or 

practices that are already part of their cultural environment, 

they begin from familiarity rather than abstraction. To 

ensure this shift from concrete, culturally meaningful 

experiences to formal scientific explanation is achieved 

systematically, the implementation of guided inquiry is 

crucial. For junior high school students, guided inquiry is 

the most effective instructional model, as it provides the 

necessary teacher scaffolding to anchor real-world 

observations to formal science concepts (Moemeke et al., 

2025). Therefore, the likely contribution of the teaching 

materials in this study lies in supporting students’ 

structured meaning-making process through guided 

inquiry, rather than merely simplifying the material. 

The Reason N-Gain Was Moderate Rather Than High  

Although the findings were positive and 

statistically significant, the average N-gain remained in the 

medium category. Scientific literacy is a complex 

competence that develops through repeated opportunities to 

reason with evidence across diverse contexts, rather than 

through one-time exposure alone (Ke et al., 2021; Almeida 

et al., 2023; Sjöström, 2025). Given that the intervention 

was conducted in only two meetings, a medium 

improvement is an educationally meaningful result, 

particularly in indicators such as explaining phenomena, 

which benefited most directly from the localized context. 

The result demonstrates the potential of the teaching 

materials and suggests that deeper literacy development, 

such as advanced data interpretation, requires a longer, 

more sustained intervention. The presence of three students 

in the low N-gain category also indicates that individual 

differences in readiness or participation may have 

influenced the results, highlighting the need for further 

qualitative investigation to explain these differences 

accurately. 

Comparison with Previous Studies  

The findings of this study are broadly consistent 

with previous ethnoscience research showing that culturally 

grounded learning can improve scientific literacy. Earlier 

studies have reported that local wisdom-based modules and 

ethnoscience-oriented materials strengthen students’ 

literacy when concepts are explicitly linked to their 

sociocultural environment (Dewi et al., 2021; Setiawan et 

al., 2017; Suryanti et al., 2020; Utami et al., 2025). The 
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present study supports this pattern and extends it 

specifically to the MTs context. However, the present 

findings should also be interpreted alongside studies 

reporting more limited outcomes. A comparison of these 

contextual studies is summarized in Table 6. 

 

Table 6. Comparison of the present findings with relevant previous studies 

Author(s) & Year Research Focus / Intervention Key Findings & Limitations 

Setiawan et al. (2017); Dewi et 

al. (2021); Suryanti et al. 

(2020); Utami et al. (2025). 

Ethnoscience modules, collaborative 

learning, and PBL across various 

educational levels. 

Consistently improved scientific literacy; however, these 

generalized approaches often lacked a specific emphasis on 

guided inquiry scaffolding tailored for the MTs context. 

Saefullah et al. (2017). Guided inquiry learning based on 

Baduy’s local wisdom. 

The learning was effective, but the improvement in 

scientific literacy remained relatively low. 

Zulirfan et al. (2023). Ethnoscientific literacy using the 

Pacu Jalur tradition. 

Students’ emotional closeness to local culture did not 

automatically translate into strong ethnoscientific literacy. 

The Present Study Ethnoscience-integrated materials 

delivered via guided inquiry at an 

MTs. 

Significant improvement in the medium category, proving 

that cultural elements must be accompanied by explicit 

teacher scaffolding to build scientific reasoning 

These comparative findings indicate that the 

success of ethnoscience-based learning is not determined 

solely by the presence of cultural content, but by how 

effectively cultural elements are transformed into 

structured activities that explicitly guide students to reason 

scientifically (Michie et al., 2023).  

Practical Implications for Science Teaching in Madrasah 

Contexts  

The findings have practical implications for 

science teachers, especially in madrasah settings. 

Ethnoscience-based materials should be designed so that 

local phenomena serve as conceptual entry points rather 

than decorative illustrations. This aligns with culturally 

responsive science education, which emphasizes that 

relevance emerges when students connect scientific ideas 

to their own world (Hüfner et al., 2025; Pinneo & Benton, 

2024). To operationalize this for Classroom practice, 

teachers can utilize a structured template for ethnoscience 

teaching materials, which includes: (1) presentation of a 

local cultural phenomenon, (2) observation prompts, (3) 

guiding questions with teacher scaffolding, (4) formal 

science explanations, (5) evidence-based student tasks, and 

(6) reflective questions aligned with PISA scientific 

literacy indicators. This measurable structure helps teachers 

utilize ethnoscience as a clear pedagogical pathway. 

Limitations and Directions for Future Research  

This study has several limitations. First, the one-

group pretest-posttest design lacked a control class, limiting 

comparisons against other instructional conditions. Second, 

the two-meeting intervention limited observation of deeper 

development in scientific literacy. Third, the study reports 

overall literacy gains rather than detailed indicator-level 

changes. Future studies should consider longer 

interventions, quasi-experimental designs, and granular 

analyses of scientific literacy indicators. Combining test 

data with classroom observations or interviews would 

further elucidate how ethnoscience-based instruction 

functions in practice, as sustained pedagogical 

development is necessary to strengthen literacy in a durable 

way (Bossér, 2024). 

 

 

 

 

CONCLUSION 

Based on the findings, it can be concluded that the 

use of ethnoscience-integrated science teaching materials 

significantly improved the scientific literacy of eighth-

grade MTs students, yielding a medium level of 

effectiveness. By utilizing local cultural contexts, such as 

the Perseian tradition, to explain abstract concepts like 

Newton’s Laws, these materials functioned as an effective 

pedagogical bridge. The study reinforces the view that 

integrating local wisdom into science learning is not only 

valuable for cultural preservation but is also pedagogically 

essential for making structured scientific knowledge more 

accessible, contextual, and meaningful for junior high 

school students. 

However, this study has several limitations, 

including the use of a one-group pretest-posttest design 

without a control group, a small sample size, and a brief 

two-meeting intervention period that constrained deeper 

indicator-level analysis. To address these limitations with 

measurable solutions, future studies are recommended to 

employ quasi-experimental designs with comparison 

groups and to extend the instructional duration to 4–6 

sessions, ideally. This extended duration, combined with 

explicit teacher scaffolding during discussions, would 

provide sufficient time to specifically target and improve 

complex scientific literacy indicators, such as data 

interpretation and evidence evaluation. 

For educational practice, particularly in madrasah 

settings, teachers and curriculum developers are 

encouraged to systematically design ethnoscience-based 

materials. To ensure the implementation is practical and 

operational, teachers are recommended to use a structured 

teaching material template aligned with PISA benchmarks. 

This practical template should include: (1) presentation of 

a local cultural phenomenon, (2) observation prompts, (3) 

guiding questions with teacher scaffolding, (4) formal 

science explanations, (5) evidence-based student tasks, and 

(6) reflective evaluation questions. By applying this 

operational framework through a guided inquiry approach, 

context-based science learning will more effectively 

support the development of robust scientific literacy 

alongside cultural relevance. 
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