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Abstract: Improved the quality of science education in elementary teacher 
training requires the development of instructional modules that are both 
contextual and culturally responsive. This study was conducted to design, 
implement, and evaluate a Project-Based Learning (PjBL) module integrated 
with ethnoscience to enhance the pedagogical competence of Elementary 
School Teacher Education students. Using a 4D development model (Define, 
Design, Develop, and Disseminate), the study included expert validation and 
user practicality testing. The module contextualized scientific content, 
particularly the concept of heat and temperature, using local cultural practices 
such as traditional palm sugar processing. Validation results indicated high 
feasibility scores in the didactic (94.00%), construction (96.00%), and visual 
aspects (98.33%) categories, while the practicality test produced an average 
score of 92.00%. Moreover, inferential insights from the evaluation revealed 
statistically significant improvements in learners' conceptual understanding 
(N-gain score of 0.80). The findings demonstrated that integrating 
ethnoscience into project-based modules not only deepened students’ 
comprehension of scientific principles but also fostered their ability to design 
meaningful, culturally relevant instruction. This research offers a valuable 
contribution to teacher education by presenting a validated instructional 
model that bridges scientific theory and local wisdom, promoting 
contextualized and engaging science learning. The module provides a scalable 
framework for future research and application across diverse educational and 
cultural settings. 
 
Keywords: Contextual learning; Ethnoscience; Pedagogical competence; 
Project-based learning; Teacher training 

  

Introduction 

 
Elementary education plays a pivotal role in 

shaping students’ foundational character, knowledge, 
and skills. Science, as a core domain in elementary 
education, aims to connect scientific phenomena to 
students’ everyday lives. Nevertheless, despite its 
importance, elementary science instruction is often 
disconnected from students’ local contexts and cultural 

experiences, reducing its relevance and effectiveness 
(Holmes et al., 2021; Morgado et al., 2022; Latip et al., 
2024). A central challenge is how to make science more 
engaging and meaningful, as well as how to link 
scientific knowledge with students’ local cultural values 
(Suciati, 2023; Zidny et al., 2020). One group warranting 
particular attention is the students in the Elementary 
School Teacher Education program, who are prospective 
teachers responsible for creating contextual and 
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engaging science instruction for future generations 
(Sudarmin et al., 2024). Developing pedagogical 
competencies that integrate Project-Based Learning 
(PjBL) and ethnoscience is therefore crucial to support 
these students in designing relevant and practical 
instruction (Anattri et al., 2024). One approach shown to 
enhance the quality of science learning is the use of 
science kits (Nasharuddin et al., 2024). Through simple, 
laboratory-style activities facilitated by science kits, 
learners can grasp scientific concepts more concretely 
and deeply (Indayani, 2015). 

A growing body of research underscores the 
importance of integrating local wisdom into science 
education to strengthen conceptual understanding and 
student engagement. Putri et al. (2024) and Rediani et al. 
(2023) reported that embedding local wisdom in 
instructional materials can simultaneously improve 
students’ scientific knowledge and foster environmental 
stewardship. Students not only comprehend material 
more readily; they also feel more motivated and 
involved in the learning process (Akmal et al., 2020; 
Mukti et al., 2022), demonstrate gains in scientific 
literacy (Morgado et al., 2022), develop critical and 
creative thinking skills (Andriyanto et al., 2025; Vrbová, 
2022), improve content understanding and perceived 
relevance, enhance analytical abilities, and build 21st-
century competencies (Laos & Tefu, 2020). In parallel, 
Project-Based Learning (PjBL) has been shown to 
cultivate 21st-century skills, critical thinking, creativity, 
and collaboration by engaging students in authentic 
problem-solving within contextual scenarios (Zhang & 
Ma, 2023; Juita et al., 2025). The use of concrete teaching 
aids such as science kits further increases engagement 
and deepens understanding of scientific concepts 
(Widiana et al., 2020). Moreover, Ismail (2016) and 
Amran et al. (2017) note that hands-on experimentation 
with instructional apparatus stimulates curiosity and 
strengthens understanding of scientific phenomena, 
thereby boosting motivation, attention, and learning 
outcomes, particularly for abstract topics. In addition, 
Yusa et al. (2023) emphasize that a PjBL model, 
integrated with teaching aids such as science kits, can 
significantly enhance motivation and science learning 
outcomes. 

Despite these advances, notable gaps persist in the 
development of learning modules that combine PjBL 
with ethnoscience and science kits, especially within 
teacher education. Much of the existing literature 
focuses on integrating local wisdom into content 
without sufficiently adopting active, experience-based 
methods, such as PjBL, that promote direct learner 
engagement (Sudarmin et al., 2019). Existing studies also 
tend to overlook applications within teacher-
preparation contexts, particularly among Elementary 
School Teacher Education students, who often possess 

only an operational understanding of scientific concepts 
and struggle to connect them with effective teaching 
practices (Thompson et al., 2024; Nollmeyer & Baldwin, 
2024). To prepare teachers capable of delivering 
relevant, contextualized science instruction, a more 
systematic and integrated approach is needed—one that 
fuses ethnoscience with project-based methods, 
enabling Elementary School Teacher Education students 
to design science learning that is both meaningful and 
experiential (Zidny et al., 2020). 

This research is highly relevant to Elementary 
School Teacher Education students, especially those 
preparing to become science educators at the elementary 
level. It offers a unique opportunity to enhance their 
pedagogical skills, going beyond mere mastery of 
scientific content to include the ability to design and 
implement instruction that connects scientific concepts 
to pupils’ everyday lives, particularly through 
experiments employing science kits. By developing a 
learning module that integrates ethnoscience with PjBL, 
we aim to strengthen their pedagogical competencies 
significantly. With such a module, Elementary School 
Teacher Education students will not only learn how to 
teach scientific concepts but also how to embed local 
cultural values into practicum activities, making 
learning more relevant and engaging. This approach 
will enable them to create learning experiences that are 
meaningful and firmly situated within learners’ 
sociocultural contexts, inspiring them to become 
innovative and effective science educators. 

The specific research gap addressed here is the 
absence of a learning module that integrates PjBL with 
ethnoscience within teacher education curricula, 
particularly at the Elementary School Teacher Education 
level and in students’ teaching practices. Although 
many studies discuss the importance of both approaches 
in science education (Zidny et al., 2020), very few offer a 
combined and practical instructional design that allows 
Elementary School Teacher Education students to 
design instruction that is both contextual and 
experience-rich. 

Given global curriculum developments and the 
demands of 21st-century skills, integrating local wisdom 
into science education is increasingly imperative. Prior 
work suggests that local knowledge can enrich science 
learning while advancing the Sustainable Development 
Goals (SDGs). PjBL, which affords learners direct 
experience and contextual problem-solving, is likewise 
effective in developing core 21st-century competencies 
such as critical thinking, collaboration, and creativity. 
However, a single implementable learning module that 
combines ethnoscience and PjBL for Elementary School 
Teacher Education students, especially in the context of 
science-kit experiments, has not been identified in the 
literature. This research, therefore, presents a novel and 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 215-227  
 

217 

potentially transformative approach to science 
education, highlighting the need for an innovative 
module that integrates both approaches. The potential 
impact of this research on science education is both 
intriguing and exciting. 

This study presents a novel contribution by 
developing a learning module that combines Project-
Based Learning (PjBL) with ethnoscience, specifically 
centered on science-kit experiments for Elementary 
School Teacher Education students. The module is 
systematically designed and its feasibility evaluated 
through expert validation and field trials, ensuring 
alignment of content and pedagogy with instructional 
needs (Anggrella & Sudrajat, 2024). Integrating PjBL and 
ethnoscience enables Elementary School Teacher 
Education students to build stronger pedagogical 
competencies and to connect scientific concepts with 
learners’ local cultural practices. The approach not only 
emphasizes conceptual understanding but also 
enhances the relevance and contextualization of 
learning, enabling Elementary School Teacher 
Education students to design and implement science 
instruction that is more participatory, meaningful, and 
grounded in students’ sociocultural experiences. 
Accordingly, this study aims to develop a module that 
unites these two approaches, focused on science-kit 
experiments, to be utilized by Elementary School 
Teacher Education students in strengthening their 
pedagogical competence for teaching science, especially 
in the competence of designing and conducting 
experiments based on the environment and local 
wisdom. 

 

Method  
 

This study utilized the Research and Development 
(R&D) approach, a method that has been significantly 
enhanced by the 4D model introduced by Thiagarajan et 
al. (1974). This model consists of four key stages: Define, 
Design, Develop, and Disseminate, and offers a unique 
and systematic framework for the continuous design 
and evaluation of educational products. It begins with 
the identification of user needs and culminates in the 
assessment and dissemination of the finalized product, 

as depicted in the development phase of the 
ethnoscience-based Natural Science module in Figure 1.  

The Define stage, a comprehensive process, 
involved in-depth analysis of learner needs. Data were 
meticulously gathered through structured interviews 
with fifth-semester students of the Elementary School 
Teacher Education Study Program at the Faculty of 
Teacher Training and Education, Universitas 
Muhammadiyah Makassar, during the 2023/2024 
academic year. In addition, extensive consultations were 
conducted with experts from diverse fields, including 
science education lecturers and educational 
practitioners, to gain profound insights into the 
challenges and requirements of implementing 
contextual science instruction. Cultural leaders were 
also engaged to deepen understanding of the 
philosophies underpinning various forms of local 
wisdom. 
 

 
Figure 1. 4D implementation in module development 

 
The Design stage was a collaborative effort, 

involving intensive interaction with experts to ensure 
the module’s relevance, practical applicability, and ease 
of classroom implementation. The module was 
structured to support contextual learning anchored in 
local values. Furthermore, evaluation instruments were 
developed based on a Project-Based Learning (PjBL) 
approach, incorporating project tasks and reflective 
components to assess the extent to which students could 
integrate theory and practice in the lessons they 
designed.

 
Table 1. Level of Achievement Based on the Likert Scale 
Achievement Rate (%) Qualification Description 

80-100 Very good Very feasible, no need for revision 
61-80 Good Feasible, no revision needed 
41-60 Good Enough Not suitable, needs revision 
21-40 Not good Not feasible, needs revision 
<20 Not very good Very inappropriate, and needs revision 

In the Develop stage, the designed module was 
meticulously produced and subjected to a rigorous 

validation process. Development integrated science 
content with ethnoscience elements and utilized science 
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kits as practical tools to support classroom 
experimentation. Validation employed an evaluation 
rubric addressing didactic and construction aspects for 
subject-matter experts, as well as textual and visual 
aspects for media experts, to ensure the module’s quality 
and feasibility. The subject-matter experts’ assessment 
rubric consisted of 15 indicators for didactic 
requirements and 10 indicators for construction 
requirements, as detailed in Table 1. 

Meanwhile, the media experts’ assessment rubric 
included 10 indicators divided between the quality of 
text and image elements, as shown in Table 2. Each 
indicator is rated using a Likert scale and accompanied 
by a comment section to provide qualitative feedback on 
aspects of the module that need improvement or 
enhancement. 

 
Table 2. Media Expert Assessment Rubric 
Aspect Indicator Item Number Total Items 

Text Clarity of text (readability), presentation of text, text size and type 1, 2, 3, 4, and 5 5 
Images Image layout, image quality, image attractiveness, relevance of the image to the 

presented material, and color balance 
6, 7, 8, 9, and 10 5 

The validation results are presented as percentages 
to determine the product feasibility category, as 
specified in Table 3. Qualitative feedback from the 
validators is used to make minor revisions aimed at 

refining the text, layout, and selection of illustrations 
and contextual examples to make them more 
representative.

 
Table 3. Level of Achievement Based on the Likert Scale 
Achievement Rate (%) Qualification Description 

80-100 Very good Very feasible, no need for revision 
61-80 Good Feasible, no revision needed 
41-60 Good Enough Not suitable, needs revision 
21-40 Not good Not feasible, needs revision 
<20 Not very good Very inappropriate, and needs revision 

The final stage of the development process is 
Disseminate, which aims to evaluate the practicality of 
the module in real learning situations. The module was 
tested in a limited manner on five Elementary School 
Teacher Education students in their sixth semester, 
acting as end users. The students were asked to study 

the module content, perform the experimental activities, 
and provide their feedback through a practical 
evaluation questionnaire. This questionnaire was 
structured based on the rubric shown in Table 4, which 
includes 12 assessment items on didactic requirements 
and 5 items on construction requirements. 

 
Table 4. Student Response Grid 
Aspect Indicator Item Number Total Items 

Didactic Criteria Readability of material, images and illustrations, clarity of 
language, explanation and understanding of material concepts, 

linkage between physics theory and ethnoscience, application of 
PjBL, questions and critical thinking, scientific explanation in 

the context of local culture. 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
and 12 

12 

Construction Criteria Practicality of lab instructions, relevance of the experiment, 
safety of the experiment, clarity of evaluation, and challenges in 

practice questions 

13, 14, 15, 16, and 17 5 

The questionnaire uses a Likert scale to measure 
how easy the students find the module to use, how 
relevant it is to their learning context, and whether it 
enhances engagement and understanding of Natural 
Science concepts. The data are analyzed by calculating 
the average score and converting it into a percentage 
based on the criteria in Table 5. 

The data obtained in this study were analyzed 
using a combined approach, namely qualitative 

descriptive analysis and quantitative analysis based on 
feasibility percentage. The quantitative data from the 
validation and practicality evaluation questionnaires 
were analyzed by calculating the average score for each 
indicator, which was then converted into percentages to 
determine the product’s feasibility. The scores were 
compared with categories in Tables 3 and 5 to determine 
the module’s feasibility and practicality status. 
Meanwhile, the qualitative data, including comments, 
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notes, and suggestions from validators and students, 
were analyzed to identify aspects that need 
improvement or strengthening. The results of this 
analysis form the basis for making the final revisions to 
the module. The integration of quantitative and 
qualitative data provides a comprehensive view of the 

module’s strengths, weaknesses, and potential for 
further development. After the module had undergone 
various stages of testing and was deemed practical and 
appropriate, an effectiveness test was conducted on 
elementary school teacher education students to assess 
the impact of the module. 

 
Table 5. Practicality Interpretation Criteria 

Achievement Rate (%) Interpretation Criteria Description 

80-100 Very Practical Can be used without revision 
61-80 Practical Usable with minor revisions 
41-60 Practical Enough Not recommended for use 
21-40 Not Practical Unusable 
0-20 Not very Practical Unusable 

Results and Discussion 
 

The initial analysis was based on structured 
interviews with 17 students from the Elementary School 
Teacher Education Study Program in the Faculty of 
Teacher Training and Education, Universitas 
Muhammadiyah Makassar, who had completed a 
science learning session incorporating Project-Based 

Learning (PjBL) and ethnoscience principles. The 
interview aimed to elicit students’ insights into their 
conceptual understanding of science, the pedagogical 
effectiveness of the methods used, and the significance 
of local cultural elements. Student responses were 
collected in the form of percentages based on five 
response categories: strongly disagree, disagree, neutral, 
agree, and strongly agree. The results of the initial 
analysis can be seen in Table 6. 

 
Table 6. Results of Questionnaire Analysis in Needs Identification 

Interview questions 
Interview results (%) 

SD D N A SA 

How easy is it for you to understand the IPA concepts taught in class? 0 0 23.53 47.06 29.41 
How important do you think practical activities are in deepening your understanding of 
IPA concepts? 

0 0  17.65 82.35 

To what extent do you feel that Project-Based Learning (PBL) can help your understanding 
of IPA material? 

0 0 0 29.41 70.59 

How interested are you in working on projects that integrate scientific knowledge with 
local wisdom or traditional culture? 

0 0 0 0 100.00 

How useful do you find the teaching materials (which include images, videos, practical 
activities, and exercises) in the IPA learning process? 

0 0 0 23.53 76.47 

Do you feel the need for an IPA learning module/book that integrates local wisdom 
(ethnoscience) with the Project-Based Learning approach? 

0 0 0 0 100.00 

The interview results show that most students felt 
capable of understanding the Natural Science concepts 
taught. A total of 47.06% reported that they found the 
science concepts taught to be easy to understand, 29.41% 
found them very easy, and 23.53% were neutral, 
indicating that most students were able to master the 
content. In addition, almost all respondents (82.35%) 
considered laboratory practicum activities essential for 
deepening conceptual understanding, while the 
remaining 17.65% regarded them as necessary. 
Regarding the implementation of Project-Based 
Learning (PjBL), 70.59% stated that PjBL greatly helped 
them understand science content, whereas 29.41% 
considered it helpful, suggesting strong confidence in 
the method’s effectiveness. Furthermore, 76.47% felt that 
instructional materials incorporating images, videos, 

practicum activities, and exercises were very useful in 
the science learning process, while 23.53% considered 
them valuable. Finally, 100% expressed a strong interest 
in undertaking projects that integrate scientific 
knowledge with local wisdom and agreed on the need 
for a science learning module that integrates 
ethnoscience with the PjBL approach. 

Based on the needs analysis and existing findings, 
there is a clear imperative to develop a PjBL-based 
science learning module that integrates ethnoscience to 
optimize learning outcomes and align content with 
students’ local contexts. Accordingly, at the Design 
stage, module development commenced with Learning 
Objectives formulated across two primary domains: (1) 
knowledge, encompassing mastery of key concepts and 
their connections to local practices; and (2) skills, 
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covering the execution of procedures, data analysis, and 
evidence-based reporting. These objectives serve as the 
foundation for constructive alignment, ensuring that all 
module components mutually reinforce one another. 
Contextual relevance is strengthened through a Story 
with Local Wisdom that links local values and traditions 
as an advanced organizer. Implementation readiness is 
ensured through an Experimental Preparation List that 
details apparatus, materials, specifications, low-cost 
alternatives, and logistical notes, in conjunction with a 
Risk Identification and Control document that specifies 
PPE requirements, do-and-don’t checklists, safe 
workspace arrangements, and emergency procedures. 
The core content is then merged into Integrated Local 
Wisdom Material, built around case studies of local 
wisdom to ensure meaningfulness while creating space 
for innovation through systematic comparisons between 
local practices and scientific principles. 

To guarantee effective enactment, Learning 
Instructions are articulated clearly and sequentially. 
Experimental Steps outline the workflow, outcome 
criteria, troubleshooting guidance, and safety warnings, 
which are placed precisely at points of risk, including 
waste-disposal procedures and end-of-activity clean-up. 
Design coherence is finalized through Evaluation 
Questions comprising multiple-choice items to assess 
conceptual understanding, cause-and-effect reasoning, 
data interpretation, and contextual transfer, with 
distractors reflecting locally prevalent misconceptions. 
Essay prompts are also included to evaluate evidence-
based argumentation, integration of local wisdom, and 
ethical and safety considerations. 

 

 
Figure 2. Structure of the PjBL-based ethnoscience module in 

science education 

 
Visually enhanced with a culturally themed, 

engaging cover, this module facilitates students’ 
understanding of heat transfer through hands-on 

experiments and guided calculations. It also links 
scientific principles to real-world community practices. 
The instructional components support students in 
planning contextually relevant experiments, enhancing 
analytical capabilities, and producing well-structured 
reports. The overarching goal is for students to 
investigate, validate, and contextualize scientific 
principles within ethnoscientific settings. 

In the Development stage, Prototype I incorporated 
structural elements including a Course Learning 
Outcomes map, concept mapping, core content, 
contextual Project-Based Learning (PjBL) activities, and 
task rubrics. Ethnoscience was embedded by aligning 
heat and temperature concepts with traditional palm 
sugar production in South Sulawesi, supplemented by 
simplified, locally sourced experiments. The module’s 
front matter, which includes the cover design, 
instructional guidelines, and learning objectives, is 
illustrated in Figure 3. 
 

   
Figure 3. Cover design, learning instructions, learning 

objectives 

 
The core content of this module begins with the 

story of Kakek Baco (Figure 4), a traditional palm sugar 
maker in South Sulawesi, linking the sugar-making 
process to the principles of heat transfer. This story helps 
students understand the connection between science 
and local cultural practices, making learning more 
contextual and applicable. The story at the beginning of 
the module is characteristic of teaching material 
development, covering heat energy, heat transfer, and 
temperature changes in a scientific explanation that 
incorporates relevant formulas and theories. Students 
will design experiments to test these scientific principles 
and perform in-depth calculations to support their 
findings. 

Furthermore, the experimental procedures are 
planned with explicit attention to risk identification, 
preparation of tools, materials, and safety procedures. 
This module not only teaches scientific concepts but also 
invites students to explore how science is applied in 
everyday life, particularly within their local culture. By 
combining theory and practice, this module aims to 
enrich students' knowledge and skills in science while 
fostering an appreciation for local cultural values. 
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Figure 4. Example of content design 

 

During the development phase, a feasibility 
evaluation was undertaken, in which the module was 
validated by three experts: two subject-matter specialists 
and one media/design specialist, using a five-point 
Likert scale (1–5). The evaluation aimed to ensure that 
the designed module met academic, pedagogical, and 
visual criteria, thereby making it ready for 
implementation in the Elementary School Teacher 
Education program. The review covered two principal 
dimensions: (i) the feasibility of content and structure in 
terms of didactic soundness and construction, and (ii) 
the feasibility of the design with respect to media 
presentation and the visual elements employed. 
 
Subject Matter Expert Assessment 

The results from the assessment by two subject 
matter experts showed that the module received very 
high scores in two main categories: didactic 
requirements and construction requirements. In the 
didactic category, the average score was 94.00%, with 
scores of 93.33% and 94.67% from each expert. This 
indicates that the module was developed with attention 
to relevant learning principles that suit student 
characteristics and target specific learning outcomes. 
Specifically, the module was assessed as meeting 
content alignment with the curriculum, the 
meaningfulness of learning, and a constructivist 
approach. Additionally, the ethnoscience approach used 
in the module was assessed as successfully linking 
Natural Science concepts with local realities, increasing 
the relevance and context of the material taught. 

In the construction requirements category, the 
evaluation also showed a very high level of feasibility. 
The module received an average score of 96.00%, with 
expert scores of 98.00% and 94.00%. This reflects that the 
module was designed with a systematic, logical 
structure that is easy to understand. The evaluation of 
the module’s construction included aspects such as 
coherence between sections, consistency in terminology 
and language, and the integration of goals, content, 
activities, and assessments. Validators assessed that the 
module effectively guides students through the learning 

process, from problem exploration and solution design 
to conducting locally based experiments and producing 
project outcomes. The module was also considered 
flexible and adaptable for use in various learning 
conditions, both individually and collaboratively, in 
face-to-face and online settings. The expert evaluation 
results are shown in Table 7. 
 

Table 7. Expert Evaluation Results on the Ethnoscience-
Based PBL Module 

Indicator 
Validator Average 

(%) 
Description 

1 2 

Didactic Criteria 93.33 94.67 94.00 Very Feasible 
Construction Criteria 98.00 94.00 96.00 Very Feasible 
 

The learning module, which has been evaluated by 
validators, was then adjusted based on their feedback 
and comments. Although the module was generally 
rated as highly feasible, there were still areas for quality 
improvement, as shown in Table 8. 
 
Table 8. Revision Results of the Ethnoscience Learning 
Module Validation 
Validator suggestions 
and comments 

Before Revision After Revision 

Add emphasis on the 
title related to the 
words "ethnoscience" 
and "temperature." 

 
 

 

Expand the canvas of 
the image in the story 
section 

 
 

 

Add equations to the 
material 
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The comprehensive evaluations provided by the 
experts offer strong validation of the module's quality, 
both in terms of substance and media design. These 
assessments indicate that the module meets the 
academic feasibility criteria as a teaching tool in the field 
of Natural Science, while also fulfilling aesthetic and 
technical standards as an engaging and accessible 
learning medium. Overall, the feedback from the 
validators highlights that this module has great potential 
in supporting the improvement of Natural Science 
learning quality at the elementary education level, 
particularly through the delivery of contextual, 
applicable, and culturally-based content. 
 
Media Expert Assessment 

The results from the media expert evaluation show 
that the module received maximum scores on most 
indicators, indicating excellent quality. The cover design 
received a score of 100%, reflecting a professional and 
attractive appearance that effectively represents the 
essence of the module through typography, visual 
composition, and illustrations that align with the theme 
of culture-based Natural Science. The typography and 
readability were also flawless, with appropriate font 
choices, sizes, spacing, and text placement that 
facilitated comprehension of the material. The 
integration of content received a score of 100%, 
indicating that visual elements and text complement 
each other to reinforce scientific concepts. The use of 
images and graphics was functional, helping bridge 
abstract concepts with concrete local contexts, making 
the learning experience more meaningful. The quality 
and layout of images supported the flow of students' 
thinking, reduced cognitive load, and clarified the 
relationship between text and illustrations. 

The color usage also received a perfect score. The 
color scheme was consistent, harmonious, and easy to 
read, functioning as a visual marker for navigation and 
content segmentation. The colors, inspired by local 
culture, strengthened the connection between the 
material and the students' cultural context. The only 
indicator that did not score perfectly was the relevance 
and function of elements, with a score of 90%. The media 
expert evaluation results are shown in Table 9. 
 

Table 9. Results of Media Expert Evaluation of the 
Design Aspects of the Ethnoscience-Based PjBL Module 

Indicator Criteria (%) Description 

Cover Design 100 Very Feasible 
Typography and Readability 100 Very Feasible 
Content Cohesion 100 Very Feasible 
Image Quality and Layout 100 Very Feasible 
Use of Color 100 Very Feasible 
Element Relevance and Function 90 Very Feasible 

Average 98.33 Very Feasible 
 

These media evaluation results reinforce the 
findings from the previous phases, demonstrating that 
the module is not only substantively and pedagogically 
strong but also excels in terms of visual appeal and 
supporting media. An average score of 98.33% indicates 
a very high level of feasibility, suggesting that this 
module is well prepared for use in real learning contexts. 
The balance between content and media aspects makes 
this module a holistic learning tool, where students not 
only gain cognitive understanding of Natural Science 
concepts but also enjoy an engaging, enjoyable, and 
culturally meaningful learning experience. 
 
One-to-one Evaluation Results 

At this stage, students were provided with 
Prototype I of the ethnoscience-based PjBL module. Each 
student was asked to read, study, and carry out every 
procedure in the module while receiving guidance and 
instructions from the researchers. Subsequently, 
students completed a questionnaire eliciting their 
responses to the Prototype I they had used. The results 
of the student response evaluation are presented in 
Table 10. 

 
Table 10. Results of Student Evaluation of the 
Ethnoscience-Based PjBL Module 

Indicator Average (%) Description 

Didactic Criteria 93.33 Very Feasible 
Construction Criteria 93.60 Very Feasible 

 
The implementation evaluation indicates that the 

module falls within the “very feasible” category on two 
primary criteria: didactic (93.33%) and construction 
(93.60%). The didactic score evidences strong alignment 
between learning objectives and the learning 
experiences facilitated by the module, fostering 
meaningful learning through active individual and 
collaborative engagement and encouraging reflection. 
The construction score confirms a coherent and logically 
sequenced design, where activities progress from 
orientation and exploration to information processing 
and the presentation of project outputs, supported by 
clear technical guidance and close alignment among 
objectives, project tasks, and assessment instruments. 
Collectively, these findings suggest that the module is 
ready for broader implementation on the topic of 
temperature, heat its changes, with minor enhancements 
in formative feedback and the differentiation of learning 
resources, which are likely to optimize learning 
outcomes further. 

 
Small-Group Evaluation Results 

Following confirmation of validity and practicality 
in the preceding stage, Prototype II underwent a small-
group evaluation. This phase resembled the one-to-one 
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evaluation but differed in that the ethnoscience-based 
project-based learning (PjBL) module (Prototype II) was 
piloted with five students from the Elementary School 
Teacher Education program at Universitas 
Muhammadiyah Makassar. The students were asked to 
read, analyze, discuss, and practice each instruction 
contained in the Prototype II module. Student learning 
outcomes are reported in Table 10. 
 
Table 11. Recapitulation of the Results of the Small 
Group Stage Learner Questionnaire 
Learner Name Percentage (%) 

SRA 90.50 
NIB 94.50 
RA 91.50 
HSR 92.50 
MWL 91.00 
Average 92.00 
Category Very Practical 

 
Based on Table 11, the small-group evaluation 

yielded a mean learner rating of 92.00%, placing the 
module in the “very practical” category. Individual 
scores ranged from 90.50% to 94.50%, with the highest 
score achieved by NIB (94.50%) and the lowest by SRA 

(90.50%). The narrow dispersion (range = 4.00 
percentage points; SD ≈ 1.58) indicates convergent 
perceptions among participants, reflecting clarity of 
instructions, coherent sequencing of activities, and ease 
of implementation. Collectively, these findings 
substantiate the practicality of Prototype II of the 
ethnoscience-based PjBL module on temperature, heat, 
and their changes, and indicate readiness for broader 
deployment. 
 

Field Test Results 
During the Field Test phase, implementation was 

carried out in a single sample class comprising 37 
students from the Elementary School Teacher Education 
Study Program, Faculty of Teacher Training and 
Education, Universitas Muhammadiyah Makassar. To 
examine learning gains associated with use of the 
module, a pre-experimental approach was employed. 
Students completed a pretest and posttest, each 
consisting of 10 items aligned with indicators designed 
to measure experimental competencies and the ability to 
connect concepts to real-life contexts. The results of the 
normalized gain (N-gain) analysis are presented in Table 
12.

 
Table 12. Percentage Increase in N-gain Student’s Results 

 N Pre test Post test N-Gain Score N-Gain score percent 

Average 37 74 95 0.80 80 
Category    High Affective 

The mean pretest score of 74 increased to 95 on the 
posttest, representing an absolute gain of 21 points (≈ 
28.4% relative to the baseline). The average normalized 
gain (N-Gain) was 0.80, classified as high, indicating that 
students achieved approximately 80% of the maximum 
attainable improvement. Pedagogically, this growth 
pattern aligns with the module’s design, which scaffolds 
learners through problem identification, hypothesis 
formulation, specification of variables and procedures, 
data collection and analysis, and the drawing of 
conclusions and reflection, while explicitly encouraging 
them to relate experimental outcomes to contextual 
phenomena (e.g., temperature changes in everyday 
activities). The alignment among learning objectives, 
project-based activities, and performance assessments 
fostered sustained cognitive engagement and 
meaningful inquiry, thereby systematically 
strengthening competencies in experimental design and 
in making real-world connections. These findings 
indicate that the module meets the effectiveness 
criterion and is ready for broader use in coursework. 
 
 
 

Discussion 

This study presented strong empirical evidence that 
confirmed the pedagogical, practical, and instructional 
merit of an ethnoscience-integrated Project-Based 
Learning (PjBL) module designed for elementary 
teacher education. The validation process consistently 
yielded high ratings across the didactic (94.00%), 
structural (96.00%), and visual design (98.33%) 
dimensions, demonstrating the module’s structural 
coherence, content alignment, and aesthetic clarity. 
These outcomes reinforced the existing literature, which 
indicated that integrating ethnoscientific content within 
instructional frameworks significantly enhanced 
conceptual accessibility and contextual relevance for 
learners (Yuliyanti et al., 2024; Wardani et al., 2024). By 
embedding local cultural practices within scientific 
learning, the module strengthened pedagogical 
foundations and facilitated meaningful learning 
experiences that align with the realities of pre-service 
teachers and their future classrooms (Sihombing et al, 
2025; Listia et al., 2025). 

The integration of local wisdom, specifically the 
traditional process of palm sugar production, as a 
contextual anchor for understanding thermodynamic 
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concepts, exemplified how abstract scientific ideas were 
localized and made tangible. This approach encouraged 
learners to engage not only in empirical inquiry but also 
in epistemological reflection, thereby fostering deeper 
cognitive engagement and cultural awareness (Curran et 
al., 2015; Fatimah, 2023; Idul & Fajardo, 2023). These 
findings supported prior assertions that ethnoscience-
based instruction enabled learners to evaluate and apply 
scientific principles to real-life contexts critically, 
thereby enrichined their scientific understanding while 
respecting indigenous knowledge systems (Agustia et 
al., 2024; Putri et al., 2024). The ethnoscience-PjBL 
synergy presented in the module, therefore, acted as a 
transformative pedagogical platform that bridged 
science with sociocultural identity. 

The module’s implementation through PjBL further 
strengthened its impact by guiding students through 
structured phases of exploration, problem identification, 
experimentation, and reflection, an approach that 
enhanced higher order thinking skills, particularly 
critical and creative thinking (Loyens et al., 2023; Khafah 
et al., 2023; Sungkono & Ekaputra, 2023; Sucilestari et al., 
2023). These results aligned with research emphasizing 
that PjBL fostered learner autonomy, innovation, and 
collaborative engagement, particularly when rooted in 
authentic and culturally responsive contexts (Poonputta 
& Sakorn, 2025; Anggraeni et al., 2023). Students became 
active constructors of knowledge, engaging with content 
both scientifically and in a contextual manner. The 
learning scenarios presented in the module required 
interdisciplinary synthesis and reflective analysis, 
encouraging the development of pedagogical 
adaptability and instructional creativity among pre-
service teachers. 

The module’s practical utility was further validated 
through user response scores, with a mean practicality 
rating of 92.00%, demonstrating its usability, clarity, and 
relevance. These findings were consistent with previous 
studies, which confirmed the practical benefits of well-
designed, ethnoscience-integrated instructional tools in 
teacher education (Melinia et al., 2024; Nurussalamah et 
al., 2025). The observed gains in learning outcomes, 
evidenced by an N-Gain score of 0.80, underscored the 
module’s effectiveness, aligning with the results 
reported by Chamdani et al. (2025) and Pieter et al. 
(2025), who observed significant improvements in 
science literacy and process skills following the use of 
ethnoscientific project-based modules. Collectively, 
these findings supported the theoretical stance that 
science learning grounded in culturally familiar 
frameworks enhanceed not only content mastery but 
also learner engagement, motivation, and instructional 
performance (Hikmawati et al., 2022; Rahayu et al., 
2023). 

This study has several limitations. The 
implementation was restricted to a single institution and 
addressed only one science topic, which might have 
affected the generalizability of the findings. 
Additionally, employing a pre-experimental design 
without a control group weakened the ability to draw 
strong causal inferences. Future research should employ 
quasi-experimental or longitudinal designs and 
integrate multidimensional assessments such as 
performance-based tasks and classroom observations to 
provide a more comprehensive evaluation of the 
intervention’s effectiveness (Pratami et al., 2024; Cham 
et al., 2024). 

 
Conclusion 

 
This research validated that the integration of 

ethnoscience with Project-Based Learning (PjBL) offers a 
valid, practical, and effective pedagogical strategy for 
enhancing science education within elementary teacher 
training. The developed module, which contextualized 
abstract scientific concepts through culturally grounded 
experimentation (e.g., traditional palm sugar 
processing), received high feasibility ratings from expert 
validators (didactic: 94.00%, construction: 96.00%, 
visual: 98.33%) and positive user feedback (practicality: 
92.00%). Its effectiveness was further confirmed by a 
high normalized gain (N-Gain = 0.80), indicating 
substantial improvement in students’ conceptual 
understanding, critical thinking, and ability to connect 
science with everyday cultural practices. These results 
validated the module's capacity to foster meaningful, 
reflective, and locally relevant science learning 
experiences. Beyond practical outcomes, this research 
contributed to the theoretical and methodological 
advancement of culturally responsive science pedagogy. 
By embedding ethnoscientific principles within an 
experiential PjBL framework, the study provided a 
replicable model that addressed curriculum demands 
for contextualization, relevance, and 21st-century skill 
development. While the study was limited to a single 
topic and institutional setting, its findings underscored 
the transformative potential of localized instructional 
design in Elementary School Teacher Education. 
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