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Abstract
Creative thinking skills are part of  the 21st century skills that need to be mastered 
and developed. Therefore, innovative teaching materials are needed that can help 
develop creative thinking skills. This development research aims to produce teach-
ing materials in the form of  STEM-based e-modules integrated with ethnoscience 
that are feasible, practical, and effective for students and teachers. The instruments 
used are needs analysis in the form of  teacher interview guidelines and teacher 
and student needs questionnaires, material and media expert validation sheets, 
and practicality sheets. Then the effectiveness sheet in the form of  pretest and 
post-test sheets. Based on the results of  data analysis, media validation scored 
99.2%, material validation results scored 88.23%, teacher response questionnaire 
results scored 98%, and student response questionnaire results scored 93.26%. 
The effectiveness assessment resulted in an average N-Gain score of  0.83 which 
is included in the highly criteria. Therefore, it can be concluded that this ethno-
science-integrated STEM-based e-module is feasible, practical, effective, and can 
facilitate the development of  students’ creative thinking skills.
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The effectiveness of  this media lies in its ability 
to transform abstract concepts into concrete visu-
alizations, while allowing students to conduct ex-
periments directly.

In addition to the importance of  STEM-
based learning, integrating local culture into edu-
cation also deserves attention. Indonesia’s rich 
ethnic and cultural diversity is a valuable asset 
(Astawa, 2022). However, technological advanc-
es have led to diminishing appreciation of  local 
culture, with the younger generation becoming 
more familiar with foreign cultures (Nenohai et 
al., 2022). Schools thus play a key role in foster-
ing cultural appreciation, including in Biology 
learning. Unfortunately, cultural integration in 
Biology remains limited in terms of  content and 
resources (Ihsan & Pahmi, 2022) To address this, 
the ethnoscience approach offers a way to con-
nect local culture, indigenous knowledge, and 
modern science (Rozi et al., 2025). Based on the 
learning theory proposed by Vygotsky (1986)in 
his book Thought and Language, it is said that 
students first learn through their social environ-
ment, then internalize that knowledge, making it 
easier to understand and apply in daily life. By 
applying ethnoscience-based learning, students 
are expected to appreciate Indonesia’s cultural 
heritage more and not forget it in the midst of  
advancing times.

Biotechnology material taught in class X 
SMA in the Merdeka curriculum emphasizes the 
process rather than the results, thus providing op-
portunities for students to explore their abilities 
through practicum activities (Schmidt & Müller, 
2025). In addition, this material is closely related 
to everyday life because biotechnology products 
are often found around us. Therefore, a learning 
approach that connects indigenous knowledge 
with modern science can be applied in learning 
biotechnology (Pambudi et al., 2024).

In Biology learning, teaching materials are 
crucial for effectiveness. However, in one school 
in Medan, materials still rely heavily on printed 
textbooks. Many teachers use them as the sole 
resource, causing students to feel bored and un-
motivated, which hinders learning efficiency. Re-
search conducted by Widiantoro & Utami (2023)
also showed that the use of  printed books as the 
only source of  learning tends to make students 
lose focus, get bored quickly, and affect their 
learning outcomes.

STEM-based E-modules have been devel-
oped by many previous researchers, but STEM-
based E-modules integrated with Ethnoscience 
were only developed in Environmental Chemis-
try material, namely in research by (Al Idrus & 

INTRODUCTION

In the 21st century, the world entered the 
digital era of  the Industrial Revolution 4.0, where 
technology continues to develop rapidly and be 
updated (Saleem et al., 2024). This industrial 
revolution 4.0 requires human resources (HR) to 
have 21st century competencies in order to adapt 
and not be left behind. Education is the key to 
equipping learners with learning skills, innova-
tion, technology utilization, and can work and 
survive by using life skills to survive and com-
pete in the global world (Alhloul & Kiss, 2022). 
To face this challenge, learners need to be trained 
to have 21st century skills consisting of  4 indi-
cators known as 4C, namely, Creative, Critical 
thinking, Communication, and Collaboration in 
order to solve complex problems (Muthmainnah 
et al., 2023). In facing the era of  the industrial 
revolution 4.0, education is needed that can form 
creative, innovative, and competitive generations 
(Almazroa & Alotaibi, 2023).

One important aspect of  21st century com-
petence is creative thinking.  Guilford (1967) in 
his research entitled Creativity: Yesterday, today 
and tomorrow stated that creative thinking is a 
form of  divergent thinking involving original-
ity, flexibility, and fluency. It ranks above criti-
cal thinking, making it essential to be taught in 
schools (Nurjanah & Rifqiawati, 2023). How-
ever, creativity levels in Indonesia remain low. 
The Global Creativity Index by ranked Indonesia 
87 out of  132 countries in aspects such as toler-
ance, talent, and technology in science, business, 
education, and health (Priyambodo et al., 2021)
(Wastriani et al., 2024). This low ranking is be-
lieved to stem from an education system that pri-
oritizes memorization and single-answer respons-
es, limiting the development of  creative thinking 
(Aprilina, 2024). Therefore, a learning approach 
is needed that can develop students’ creative 
thinking skills so that they are better prepared to 
face global challenges.

One effective way to develop creative 
thinking is through STEM-based learning, which 
integrates Science, Technology, Engineering, and 
Mathematics to prepare students for 21st-century 
challenges (Barkatsas et al., 2019). found that 
STEM enhances creative thinking, including 
generating alternative solutions and designing in-
novative products. This approach allows students 
to apply knowledge to real-life problems using 
or creating technology  (Adifta et al., 2022). Ac-
cording to Wang et al. (2022), a STEM learning 
that incorporates digital media has been shown 
to significantly improve student understanding. 
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Rahmawati, 2024), Solution Material, namely in 
research by Fikrina et al. (2023), Substance and 
Change material in research by Wulandari et al. 
(2023), but no one has developed a STEM-based 
e-module Integrated with Ethnoscience on Bio-
technology material. Previous research only de-
veloped STEM-integrated E-modules for biotech-
nology material, namely in research conducted 
by Muninggar & Ramli (2023).

Based on the analysis of  the Biotechnology 
textbook used in one of  the schools in Medan, 
several shortcomings were found that could affect 
the effectiveness of  learning. For example, shal-
low explanation of  key concepts like conventional 
vs. modern biotechnology, lack of  contextualiza-
tion with students’ surroundings, and unengaging 
illustrations. Some QR codes were also inacces-
sible. Questionnaire and interview data show that 
available learning media are inadequate, and the 
dominant lecture method makes students passive 
and disengaged. Teachers observed low creative 
thinking abilities, evident from exam answers that 
tend to be rote-based and lack idea development.

To address these issues, the use of  inno-
vative learning media is essential. Media plays 
a vital role in enhancing student efficiency and 
comprehension (Melinda & Saputra, 2021). Ef-
fective media makes learning more engaging 
and easier to grasp. One such solution is the E-
module, which improves Biotechnology learning 
through interactive features that boost motivation 
and understanding with appealing visualizations 
(Riza & Djunaidi, 2021)(Permana & Al., 2021).

Based on these problems, research on the 
development of  STEAM-based E-modules on 
Biotechnology material is very relevant. This e-
module is expected to be an interesting, interac-
tive teaching material, and able to support stu-
dents’ creative thinking skills.

METHOD

The development method in this study 
uses a Research and Development (R&D) based 
approach developed by Thiagarajan et al. (1974)
in his book entitled Instructional Development 
for Training Teachers of  Exceptional Children. 
This approach is widely recognized in the field of  
instructional design for its systematic and struc-
tured procedures. The development model emp-
loyed in this research is the 4-D model, which 
stands for Define, Design, Develop, and Disse-
minate. Each stage in the model plays a critical 
role in ensuring that the product developed in this 
case, a STEM-based e-module integrated with 
ethnoscience is valid, practical, and effective for 

use in learning activities. The Define stage invol-
ves identifying and analyzing needs and problems 
in the learning process. The Design stage focuses 
on planning and structuring the e-module content 
and layout. The Develop stage is used to create 
and refine the module through expert validation 
and trials. Finally, the Disseminate stage involves 
the broader implementation and distribution of  
the module. The detailed flow of  the e-module 
development process based on this 4-D model is 
illustrated in Figure 1.

Figure 1. 4-D Model Design (Irmaningrum et al., 
2023)

At the Define stage, researchers prepare 
data related to the research conducted, including 
making observations about learning activities at 
their school, analyzing the curriculum, charac-
teristics of  students, materials and objectives. 
Furthermore, at the Design stage, researchers 
compile and select media, in the form of  selec-
ting forms and simulating the presentation of  
material according to the media. The next stage 
is Development or development, at this stage the 
researcher has begun to develop the media that 
was previously designed, then validated by mate-
rial experts and media material experts. Further-
more, at the last stage Disseminate, at this stage 
the researcher disseminates the media that has 
been previously validated and has been revised to 
a wider group so that it can be tested more broad-
ly also regarding its effectiveness and practicality 
in improving the creative thinking skills of  these 
students.

The subjects in this study were students of  
MA Laboratorium UINSU class X MIPA totaling 
33 students who were taken randomly from each 
of  the 3 classes. The data acquisition instrument 
of  this research uses qualitative and quantitative 
data acquisition techniques. Qualitative data ac-
quisition was carried out by means of  interviews, 
as well as criticism and suggestions from valida-
tors. While the acquisition of  quantitative data is 
obtained from the validator’s questionnaire score 
from the validator, teacher and student respon-
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se questionnaires, as well as pretest and posttest 
scores obtained from students to test the level of  
creative thinking skills of  students. All data ob-
tained previously will be analyzed and processed 
qualitatively and quantitatively. The score results 
of  module validity and module practicality were 
analyzed using Formula 1. 

Furthermore, the results of  data analysis 
were interpreted with reference to the criteria 
listed in Table 1. and Table 2.

Table 1. Criteria for Validation Assessment Re-
sults

Percentage (%) Assessment Criteria

80.00-100.00 Very Valid

60.00-79.99 Valid

50.00-59.99 Fairly Valid

00.00-49.99 Invalid
(Riduwan & Akdon, 2010)

To be considered valid, the developed edu-
cational module must achieve at least 60% validi-
ty according to expert ratings. Modules scoring 
within the 60.00–79.99% range are classified as 
Valid, while 80.00–100.00% represent Very Valid. 
These thresholds are supported by content vali-
dation literature, which emphasizes that a Con-
tent Validity Index (CVI) of  around 0.60 (60%) 
or higher generally indicates acceptable content 
validity. Lower values (e.g., below 0.50 or 50%) 
are considered insufficient and require significant 
revision. This classification ensures that the mo-
dule content accurately reflects its intended do-
main before further implementation.

Table 2. Criteria for Practicality Assessment

Percentage (%) Assessment Criteria

81-100 Very Practical

61-80 Practical

41-60 Practical enough

21-40 Not Practical
(Riduwan & Akdon, 2010)

Referring to Table 2, an e-module is consi-
dered practical if  it achieves a minimum score of  
61%. Therefore, this threshold serves as the mini-
mum standard for an e-module to be categorized 
as practically feasible for use in the learning pro-
cess. Any score below this, particularly within the 
41–60% range, would only classify the e-module 
as “practical enough,” indicating a need for imp-

rovement before effective implementation. The 
effectiveness of  the critical thinking skills-based 
learning module was obtained using the N-Gain 
calculation in Formula 2. 

The interpretation of  the N Gain calculati-
on results refers to Table 3.

Table 3. Criteria for N-Gain Results

N-Gain Assessment Criteria

g > 0.7 High

0.3 < g < 0.7 Medium

g < 0.3 Low
(Nasution & Rasyidah, 2022)

Based on the N-Gain interpretation cri-
teria proposed in Table 3., the effectiveness of  
an e-module in improving student learning out-
comes is measured through the normalized gain 
(N-Gain) score. As shown in Table 3, the N-Gain 
score is categorized into three levels: high (g > 
0.7), medium (0.3 < g < 0.7), and low (g < 0.3). 
To be considered effective, an e-module must re-
sult in a minimum N-Gain score greater than 0.3, 
which corresponds to the medium category. This 
threshold indicates that students experienced a 
meaningful improvement in their understanding 
as a result of  using the e-module. Therefore, any 
N-Gain score above 0.3 can be interpreted as evi-
dence of  the e-module’s educational effectiveness.

RESULT AND DISCUSSION

In this development research, a bio-
technology e-module based on STEM Integra-
ted Ethnoscience was produced which can be 
accessed using various electronic devices, such 
as smartphones, computers and laptops. This e-
module was developed using the 4D development 
model which consists of  4 stages, including defi-
ne, design, develop, and disseminate.

1. Define
The define stage is carried out by conduc-

ting five main stages, including front end analysis, 
student analysis, concept analysis, task analysis, 
and learning objectives analysis. This stage aims 
to recognize and define the needs during teaching 
and learning activities.
a. Front end analysis

At the front end stage, this analysis is car-
ried out to analyze the background of  the deve-
lopment research being carried out. At this stage, 
observations were made of  the learning process 
in biology subjects at MA Laboratorium. This 
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analysis was carried out using interview sheets 
and questionnaires to analyze the needs of  te-
achers and students. In the observation results, it 
was found that at MA Laboratorium students are 
allowed to bring smartphones for learning purpo-
ses only. In addition, the curriculum used in class 
X is the independent curriculum, while in clas-
ses XI and XII still use the k13 curriculum. The 
teaching method applied by the teacher in class 
still uses the lecture method and the teaching ma-
terials at school still use textbooks. Furthermore, 
the teacher mentioned that students need to be 
accustomed to using digital teaching materials, 
such as e-modules. 
b. Student analysis

Student analysis aims to understand the 
characteristics of  students. The results of  the stu-
dent needs analysis questionnaire showed that 
students liked learning biology that was directly 
related to real-world experiences. In addition, 
students stated that they felt more bored with the 
learning methods that had been used by their te-
achers. The students also agreed that they needed 
interactive digital teaching materials such as e-
modules to support their learning activities. 
c. Concept analysis

Concept analysis aims to identify, define, 
and organize systematically the material to be 
developed in the STEM-based digital module In-
tegrated Ethnoscience in biology learning. This 
analysis aims to compile learning objectives and 
important things that must be learned and pre-
pare relevant material based on Learning Out-
comes (CP). After the analysis, the material de-
veloped in the STEM-based e-module Integrated 
Ethnoscience is class X biotechnology material. 
The biotechnology material developed must be 
in accordance with CP (Learning Outcomes) 
10.3, namely students have the ability to create 
solutions to problems of  local, national or global 
issues related to understanding biological techno-
logy innovation, with Learning Objectives (TP), 
namely 1) Analyze the principles of  conventio-
nal and modern biotechnology; 2) Analyze the 
processes that occur in conventional and modern 
biotechnology; 3) Analyze the role of  biotechno-
logy in various fields; 4) Predict the positive and 
negative impacts of  biotechnology; 5) Analyze 
the concepts and processes that occur in tissue 
culture.
d. Task analysis

This analysis aims to see the appropriate 
activities to be carried out by students to achie-
ve the Learning Objectives (TP) of  the Learning 
Outcomes (CP) developed. This analysis is car-
ried out by making questions that are in accor-

dance with Learning Outcome (CP) 10.3, namely 
creating solutions to problems based on local, 
national or global issues related to understanding 
biological technology innovation. This task analy-
sis was carried out by means of  interviews which 
aimed to identify the main skills to be assessed 
and analyze them into additional skill sets. This 
analysis ensures a thorough review of  the tasks in 
the learning materials. Based on the results of  this 
task analysis, an overview of  the tasks required in 
learning is obtained and in accordance with the 
standard of  Learning Outcomes (CP) and Lear-
ning Objectives (TP). 
e. Learning Objective Analysis

Analysis of  learning objectives is carried 
out to change the results of  task analysis and con-
cept analysis into learning objectives. The results 
of  determining learning objectives will be the ba-
sis for preparing materials, and evaluation ques-
tions on e-modules based on STEM Integrated 
ethnoscience biotechnology material. In this ana-
lysis, the learning objectives that will be achieved 
in the STEM-based e-module integrated with eth-
noscience to improve students’ creative thinking 
skills will be developed.

2. Design
In the design stage, an ethnoscience-integ-

rated STEM-based e-module was designed. This 
stage aims to prepare teaching materials consis-
ting of  several components, including cover, pre-
face, table of  contents, Learning Outcomes (CP) 
and Learning Objectives (TP), concept map, 
material, STEM activities, exercise questions, 
answer keys, bibliography, glossary, and author 
biography. After that, at the next stage, the design 
of  research tools in the form of  expert validation 
sheets to assess the feasibility aspects of  e-mo-
dules based on STEM integrated ethnoscience, 
designing teacher and student response instru-
ments to determine the practicality of  e-modules 
based on STEM integrated ethnoscience. At this 
stage, designing or planning the appearance of  
the e-module based on integrated STEM integ-
rated ethnoscience is also carried out in the form 
of  color combinations, image and video layouts, 
interesting info, and title frames using the Canva 
application. The next stage is to provide hyper-
links to each command button that has been de-
termined. After everything has been completed, 
the next stage is to share the e-module link that 
has been designed in display mode and the eth-
noscience integrated STEM-based e-module can 
be used and accessed online by students using 
various smart devices, such as smartphones, lap-
tops, tablets, and PCs.
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3. Development
This development stage aims to produce 

teaching material products that are being develo-
ped. The product content is compiled based on 
the results of  the previously conducted define sta-
ge (Table 4.).

Table 4. Media Validation Results
No Assessment 

Aspect
Score Max

Score
(%) Criteria

1 View 25 25 100% Very Valid

2 Ease of  Use 20 20 100% Very Valid

3 Module 
Aspects

79 80 98.75% Very Valid

Total 124 125 99.2% Very Valid

The e-module product developed is accom-
panied by relevant implementation examples in 
everyday life to provide in-depth understanding 
to students (Figure 2.).   

(a) (b)
Figure 2. Example of  Implementation in the 
form of  (a) discussion, (b) STEM project

At this stage, the validity of  the e-module 
teaching materials being developed is carried out 
to media experts, material experts, and question 
experts. After that, a practicality trial was con-
ducted by looking at student responses and te-
acher responses to the e-modules developed. This 
validation assessment is carried out to determine 
whether the e-modules developed are suitable for 
use or not. The results of  media and material va-
lidation carried out can be seen in Tables 5 and 
Table 7. 

Table 5. Revision Notes from Media Expert

Advice Before After

On the cover, 
the use of  font 
variations can-
not be more 
than 3 types.

Try to use im-
ages that are 
high-resolution 
or not blurry

Include an 
evaluation in 
each Activity 
(Chapter) of  
the module.

Images related 
to the concept 
should use 
credible sources 
such as from 
books.

In addition to the validation scores, quali-
tative feedback from media experts was also col-
lected to improve the quality and effectiveness of  
the developed e-module. These suggestions were 
used to revise specific aspects of  the e-module’s 
content and presentation. 

Table 6. Material Validation Results
No Assessment 

Aspect
Score Max

Score
(%) Criteria

1 Complete-
ness of  
Material

8 10 80% Very Valid

2 Appropri-
ateness of  
Learning 
Objectives

4 5 80% Very Valid

3 Breadth of  
Material

14 15 93.3% Very Valid

4 Accuracy of  
Material

9 10 90% Very Valid

5 Relevant 
Materials and 
Media

14 15 93.3% Very Valid

6 Use of  Lan-
guage Rules

10 10 100% Very Valid

7 The attrac-
tiveness of  
the packaged 
material

8 10 80% Very Valid

8 Appropri-
ateness of  
Material with 
Illustrations

8 10 80% Very Valid

Total 75 85 88.23% Very Valid
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Table 7 outlines the feedback given by me-
dia experts, detailing the issues identified in the 
initial product and the corresponding improve-
ments made after revision.

Table 7. Revision Notes from Media Experts

Advice Before After

Add activities 
to train stu-
dents' creative 
thinking skills

The crea-
tive thinking 
activities in 
the developed 
product ini-
tially contained 
only 2 of  them.

The crea-
tive thinking 
activities in the 
developed prod-
uct have been 
added to a total 
of  5 activities

Try not to let in 
one page there 
is nothing that 
does not have 
illustrations

There are some 
pages with no 
illustrations 
at all.

Each page in 
the developed 
e-module has il-
lustrations that 
match concept 
on page.

After being declared valid by both media 
experts and material experts, a small-scale trial 
was conducted by distributing questionnaires 
containing teacher and student responses to the 
ethnoscience-integrated STEM-based e-module 
teaching materials being developed. The results 
of  the teacher and student response questionnai-
re to the ethnoscience-integrated STEM-based e-
modules being developed can be seen in Table 8. 
and Table 9.

Table 8. Teacher Response Questionnaire Results
No Assessment 

Aspect
Score Max

Score
(%) Criteria

1 Interest 20 20 100% Very 
Effective

2 Material 16 16 100% Very 
Effective

3 Language 11 12 91.6% Very 
Effective

Total 47 48 98% Very 
Effective

The results from the teacher response ques-
tionnaire ini Table 8. indicate that the developed 
e-module was perceived as very effective across all 
assessed aspects. In terms of  interest, the modu-
le received a perfect score, suggesting that it suc-
cessfully captured teachers’ attention and engage-
ment. The material component also achieved the 
maximum score, indicating that the content was 
considered relevant, accurate, and suitable for the 
targeted curriculum. The language aspect, with a 
score of  91.6%, was also rated as very effective, 
showing that the language used in the module 
was clear and appropriate, although with slight 

room for improvement. Overall, the total per-
centage score of  98% confirms that the e-module 
is highly practical and usable from the teachers’ 
perspective.

Table 9. Results of  Student Response Question-
naire
No Assessment 

Aspect
Score Max

Score
(%) Criteria

1 Contents 966 1080 89.44% Very Effec-
tive

2 Linguistics 679 720 94.3% Very Effec-
tive

3 Graphics 929 960 96.77% Very Effec-
tive

Total 2574 2760 93.26% Very 
Effective

The analysis of  student responses in Tab-
le 9. also reveals a highly positive evaluation of  
the e-module. The content aspect obtained a 
score of  89.44%, indicating that students found 
the material clear, informative, and engaging. 
The linguistics component received 94.3%, sho-
wing that the language used in the module was 
comprehensible and accessible to students. Me-
anwhile, the graphics aspect achieved the highest 
score of  96.77%, highlighting the effectiveness of  
visual elements in enhancing student understan-
ding and interest. The overall percentage score of  
93.26% reflects that the e-module is perceived by 
students as very effective in supporting their lear-
ning process. 

The developed ethnoscience-integrated 
STEM-based e-module looks feasible to be used 
by students during the learning activity process 
while helping students in carrying out learning in 
the digital era. The high practicality of  this mo-
dule comes from various factors, including this 
ethnoscience-integrated STEM-based e-module 
is easy to access and use by teachers and students 
in the process of  learning activities. This is in line 
with research conducted by Hamadi et al. (2022)
which states that the practicality of  teaching ma-
terials or learning media is seen in how easily te-
achers and students can use them in the learning 
process.

4. Disseminate
The product can be disseminated after ma-

king revisions to aspects of  teaching materials, as 
well as making and testing teaching materials on 
a small scale. This product was previously tested 
at Madrasah Aliyah Laboratorium UINSU, pre-
cisely in class X IPA 2. This trial was conducted 
to evaluate its effectiveness. 
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Table 10. Effectiveness Test Data for N-Gain Re-
sults

Pretest Posttest N-Gain Percentage Criteria

36.66 89.83 0.83 83% High

The results of  the effectiveness test of  this 
ethnoscience-integrated STEM-based e-module 
in Table 10 are proven through pretest-posttest 
analysis to measure students’ creative thinking 
skills before and after product application. The 
results of  the N-Gain calculation show that stu-
dents’ pretest scores are lower than their posttest 
scores, with an average N-Gain value of  0.83 with 
a high category. This proves that the STEM-based 
e-module integrated with ethnoscience has an in-
fluence on students’ creative thinking skills. By 
using this ethnoscience-integrated STEM-based 
e-module, students can develop students’ creati-
ve thinking skills. This finding is consistent with 
previous studies that emphasize the effectiveness 
of  STEM-based learning combined with ethnos-
cience in enhancing students’ creative thinking. 
Research conducted by Shim & Yoon (2024) 
highlights that integrating local cultural contexts 
into STEM learning not only enriches scientific 
understanding but also stimulates students’ abi-
lity to generate innovative ideas and problem-
solving strategies. Similarly, Kwon & Lee (2025) 
demonstrated that ethnoscience-based e-modules 
on science topics could significantly support the 
development of  higher-order thinking skills, in-
cluding creativity. The alignment between these 
studies and the current research reinforces the 
conclusion that embedding ethnoscience into 
STEM-oriented instructional materials is a pe-
dagogically sound approach to foster creativity 
among learners, particularly in biology educati-
on.

The STEM syntax contained in this e-
module can encourage students to learn actively, 
work in teams to solve real problems collabora-
tively and systematically, and can build creative 
thinking skills (Sari et al., 2022). With practicum 
activities to solve environmental problems that 
occur around, it can encourage students to make 
observations, formulate problems that occur, ana-
lyze findings, so that they can design prototypes 
or simple practicum models that can be done to 
produce solutions to problems that occur in the 
environment and by considering cultural values 
and local wisdom. This whole process equips 
students to develop collaborative skills, problem 
solving, and critical and creative thinking that are 
very relevant to the demands of  21st century lear-
ning (Hallström et al., 2023).

The effectiveness shown from the pretest 
and posttest results or before and after the app-
lication of  the ethnoscience integrated STEM-
based e-module shows that this product can be 
a means of  learning in the classroom because 
using ethnoscience integrated STEM-based e-
modules makes students more active, improves 
creative thinking skills and indirectly also impro-
ves collaboration skills between students as well 
as in solving a problem and creating solutions to 
the problem. In addition, by connecting learning 
with local culture, it can make it easier for stu-
dents to understand learning because it is con-
nected to their daily lives, and can instill a sense 
of  love for local culture. This is in line with rese-
arch by Widowati & Wakid (2024) which reveals 
that by linking STEM with ethnoscience, it can 
encourage students to design simple technologi-
cal solutions inspired by traditional practices, or 
conduct experiments based on local materials. 
So that this combination can strengthen concept 
understanding, hone creative thinking skills, and 
foster appreciation for local culture. However, 
this teaching material still has limitations, such 
as the limitations of  learning activities contained 
in e-modules that still require third-party applica-
tions in each activity such as youtube to watch vi-
deos, gform to access evaluations, and wordwall 
for quizzes, besides that this ethnoscience-integ-
rated STEM-based e-module is also limited to 
biotechnology material only, so the researcher’s 
suggestion for further research can expand the 
scope of  other biology materials in the develop-
ment of  this ethnoscience-integrated STEM-
based e-module.  

Considering the promising results of  this 
study, it is recommended that future research exp-
lore the development of  STEM-based e-modules 
integrated with ethnoscience for other biology 
topics beyond biotechnology, such as genetics, 
ecology, or human physiology. Expanding the 
scope of  materials would provide a broader un-
derstanding of  the e-module’s applicability and 
effectiveness across diverse scientific content. 
Furthermore, future studies could involve larger 
and more varied student populations to examine 
the module’s impact on different learner charac-
teristics and educational settings. Researchers are 
also encouraged to incorporate longitudinal ap-
proaches to investigate the sustained effects of  the 
e-module on students’ creative thinking skills and 
cultural awareness over time. Integrating additio-
nal digital features, such as augmented reality or 
interactive simulations, may further enhance stu-
dent engagement and deepen conceptual under-
standing in future module iterations.
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CONCLUSION

The development of  STEM-based e-mo-
dules integrated with ethnoscience on biotechno-
logy material for class X students produces te-
aching materials called electronic modules that 
combine STEM and ethnoscience methods that 
can be accessed using various electronic devices 
such as smartphones, tablets, laptops, and PCs 
with various search applications. Before this te-
aching material is disseminated, a validity test 
process must be carried out, and a practicality 
test. The results of  media validation obtained a 
score of  99.2% with very valid criteria. The mate-
rial validation results obtained a score of  88.23% 
with very valid criteria. In the practicality test, the 
results of  the teacher response questionnaire were 
98% which was included in the very practical ca-
tegory, while the results of  the student response 
questionnaire from 30 students obtained a score 
of  93.26% which was included in the very practi-
cal criteria. After the validity and practicality tests 
were carried out, it was continued with the N-
Gain test which was seen from the results of  the 
pretest and post-test conducted by students. The 
results of  the N-Gain findings obtained a score of  
0.83 which is included in the highly effective ca-
tegory. So that overall it can be concluded that the 
developed ethnoscience-integrated STEM-based 
e-module is feasible to use and has the potential 
to improve students’ creative thinking skills.
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