
www.ijcrsee.com
521

Rohman M. H., et al. (2024). Effectiveness of Ethnoecological-STEM Project-Based Learning Model to Improve Critical 
Thinking Skills, Creativity, and Science Concept Mastery, International Journal of Cognitive Research in Science, Engineering 
and Education (IJCRSEE), 12(3), 521-534.

Original scientific paper

Received: April 26, 2024.
Revised: August 22, 2024.
Accepted: October 26, 2024.

UDC: 
37.015.3:159.95.072-057.875

 10.23947/2334-8496-2024-12-3-521-534

© 2024 by the authors. This article is an open access article distributed under the terms and conditions of the 
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

*Corresponding author: pmarwoto@mail.unnes.ac.id

M. Hidayatur Rohman1       , Putut Marwoto1*       , Sunyoto Eko Nugroho1       , Supriyadi Supriyadi1

1Department of Science Education, Universitas Negeri Semarang, Central Java, Indonesia, 
e-mail: hidayat80@students.unnes.ac.id; pmarwoto@mail.unnes.ac.id; ekonuphysed@mail.unnes.ac.id; 

supriyadi@mail.unnes.ac.id

Abstract:  Students’ ability to master critical thinking skills and creativity is often found in current learning. This research 
aims to test the effectiveness of the Ethnoecological-Science, Technology, Engineering and Mathematics based on Project 
Based Learning (E-STEM PjBL) learning model in improving mastery of science concepts and critical thinking skills as well 
as the creativity of prospective science teachers. This model is an innovative project-based learning model integrated with 
Ethnoecology-STEM in the Environmental Physics course with a project on the use of water hyacinth with the following syntax: 
Learn, Discuss, Perform, Elaborate, Convey, Practice, Evaluate, and Use. The research method used was quasi-experimental 
with a one-group pretest-posttest design. The research subjects were 31 science education students at Universitas Islam Negeri 
Salatiga, Central Java, Indonesia. Data collection techniques use test instruments and observation sheets. The instrument 
was validated empirically by four experts and analyzed using Aiken’s V formula. Data was analyzed using SPSS on concept 
mastery test data with the Paired-Sample t-test, and critical thinking skills test data with the Wilcoxon Signed Ranks Test. 
The average N-Gain value is obtained for each data point, while the creativity data is the average creativity of two observers. 
The research results showed a significant and quite effective increase in science concepts mastery, critical thinking skills, 
and creativity in the good and very good categories. This research concludes that the application of the E-STEM PjBL model 
is effective in increasing mastery of science concepts, critical thinking skills, and creativity of prospective science teachers.

Keywords:  Project-based learning, ethnoecological-stem, science concept mastery, critical thinking skills, creativity.

Effectiveness of Ethnoecological-STEM Project-Based Learning 
Model to Improve Critical Thinking Skills, Creativity, and Science 

Concept Mastery

Introduction

Creative thinking is the ability of students to develop and convey new ideas openly and responsively, 
and it can be applied in life (Yusliani et al., 2019) or a series of processes for understanding problems, 
making guesses, hypothesizing about problems, looking for answers, proposing evidence, and reporting 
results to be applied in the creation process (Birgili, 2015). Critical thinking is considered the new basis 
for 21st-century learning (Trilling and Fadel, 2009), while creative thinking (creativity) has also been seen 
as an important basis for students (Gube and Lajoie, 2020a; Ritter and Mostert, 2016; Srikongchan et 
al., 2021). People who think scientifically must be able to think creatively (Suratno et al., 2019). Critical 
thinking and creativity need to be improved because it is closely related to students’ success in mastering 
concepts. Ulger (2018) argues that students’ critical thinking and creativity styles are related to their 
cognitive abilities. Critical thinking skills and creativity can be achieved by updating the quality of learning, 
helping students develop participation, emphasizing project-based learning, encouraging collaboration 
and communication, increasing students’ involvement and motivation, cultivating creativity and innovation 
in learning, using appropriate learning tools, and designing learning activities that are relevant to the real 
world (Fatmawati et al., 2019; Gube and Lajoie, 2020b; Jayadi et al., 2020)

Science education aims to study not only the content but also the nature of science: science as a 
cognitive (knowledge), epistemic (scientific practice), and social-institutional (scientific ethos or attitude) 
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system (Akgun and Kaya, 2020; Dagher and Erduran, 2016). Bloom et al. (1956) stated in their theory 
of Bloom’s taxonomy that educational goals must always refer to three domains: the cognitive domain 
(knowledge or thought processes), the affective domain (values ​​or attitudes), and the psychomotor 
domain (skills). Education in the current century is facing an era of openness or globalization marked by 
progress in science and technology (Jayadi et al., 2020; Rahayu, 2017; Van Laar et al., 2017), often called 
21st-century education. By the above thinking, the goal of 21st-century education is not only to prepare 
students to pass exams but also to foster learning in a way that can be transferred to their future personal, 
cultural, professional, academic, and civic lives (Tierney et al., 2022). Redhana (2019) believes that 21st-
century education prepares human resources who master various skills to survive in the 21st century. 
21st-century education must be oriented toward mastering 21st-century skills (Jayadi et al., 2020).

21st-century skills as a result of learning are divided into 3 (three) categories: learning and 
innovation skills or 21st-century 4C skills (Critical thinking, Communication, Collaboration, and Creativity) 
(Astuti et al., 2019; Santi et al., 2021), information and communication technology literacy skills, and life 
and career skills (Prayogi and Estetika, 2019; Van Laar et al., 2017). Therefore, critical thinking skills and 
creativity are fundamental in science learning in the 21st century (Mulyono et al., 2023) because they can 
be used to solve real-life problems (Amaliah et al., 2020; Budi and Ghofar, 2017). 

21st-century education applies many student-centered learning models, including project-
based learning (PjBL) (Redhana, 2019). The PjBL model is a teaching approach built on actual learning 
activities and tasks in a “constructivist” learning environment created in groups where students build their 
knowledge and educators are facilitators (Goodman et al., 2010). A vital characteristic of the PjBL model 
is that students can apply various skills to completing real and useful tasks (Bagheri et al., 2013; Malawati 
and Sahyar, 2016). The PjBL model can provide authentic experiences for students to develop a correct 
understanding of scientific processes and is recommended as an effective learning model to be applied 
at the tertiary level (Wurdinger and Qureshi, 2015). 

Furthermore, the PjBL model can improve 21st-century 4C skills by integrating the STEM 
approach (Santi et al., 2021). STEM incorporates ​​transdisciplinary learning, meaning students learn 
by blending actual scientific disciplines and solving problems in real contexts (Suganda et al., 2020). 
STEM learning in science can improve students’ creativity or 21st-century skills. The STEM approach 
is increasingly popular and is used to measure creativity (Anindya and Wusqo, 2020), problem-solving 
(Ozkan and Umdu, 2020; Sun and Jeong, 2015), concept understanding (Liliawati et al., 2018; Yakman 
and Lee, 2012), understanding in science, technology, engineering, and arts, learning motivation, learning 
achievement, and critical thinking (Yakman and Lee, 2012). STEM learning can make science learning 
more interesting (Conradty and Bogner, 2019). 

The facts in the field are that there are still problems in getting used to using the PjBL model which 
is integrated with STEM. This field study is an observation of 37 (thirty-seven) science teachers at Junior 
High Schools (SMP) in Semarang Regency regarding the use of the project-based learning model (PjBL) 
as the main choice in the learning process. From the observation results, data showed that there was 
still little use of the PjBL model as the main choice, namely only 5 teachers (13.5%), while 16 teachers 
(43.2%) used the discovery learning model and the other 16 teachers (43.2%) used the problem-based 
learning (PBL). The application of STEM integration in science learning, which is a combination of various 
scientific disciplines, is also still low, namely only 24.3% answered often, while the majority answered 
rarely as much as 54.1%, and some never applied as much as 21.6%. Therefore, it is necessary to 
prepare science education students at the tertiary level as prospective science teachers to be familiar with 
and skilled in using the STEM-integrated PjBL learning model.

This research focuses on developing a learning model described by Jayadi et al. (2020). The 
model innovation developed integrates the project-based learning (PjBL) model and Ethnoecological-
STEM (Etno-STEM), named the E-STEM PjBL model. The Ethno-STEM approach can be interpreted as 
building scientific concepts through local wisdom and integrating them with STEM (Sartika et al., 2022) 

Needs analysis, expert validation, and limited trials related to developing the E-STEM PjBL model 
were conducted. The results of the needs analysis produced the following novelty in this research: the 
syntax of the E-STEM PjBL model (Learn, Discuss, Do, Elaborate, Convey, Practice, Evaluate, and Use), 
the E-STEM PjBL Learning Module, and instruments to measure 21st-century skills (critical thinking and 
creativity). 
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Based on this background, this study is the result of a wide-scale trial of the E-STEM PjBL model 
with the syntax of Learn, Discuss, Do, Elaborate, Convey, Practice, Evaluate, and Use in Environmental 
Physics lectures for science education students at Salatiga State Islamic University in the 2022/2023 
academic year. The trial aims to test the effectiveness of the E-STEM PjBL learning model in improving 
mastery of science concepts and critical thinking skills and creativity of prospective science teachers. 
The results of the trial in this study are expected to contribute to science education, namely the syntax of 
E-STEM PjBL can also be used as an alternative learning model in other project-based science courses 
(physics, chemistry, biology). 

Materials and Methods

Research Design 
This research used a quasi-experimental research method (Creswell and Creswell, 2018; Leavy, 

2017) with a one-group pretest-posttest design in a class of students in the Science Education study 
program, totaling 31 students for a large-scale trial and 13 students for a limited-scale trial. The large-
scale trial, involved 2 science lecturers as proof-readers and observers, namely the researcher and a 
science lecturer who was willing to be a proof-reader and observer, while on a limited-scale, it was carried 
out by researchers. This one-group pretest-posttest design was used to investigate the effectiveness of 
the E-STEM  PjBL model to improve science concept mastery and critical thinking skills, while students’ 
creativity skills were carried out through observation sheets. 

Research Procedure
The research was carried out by following the syntax of the development model, namely Learn, 

Discuss, Perform, Elaborate, Convey, Practice, Evaluate and Use. The syntax of this model is derived from 
the PjBL syntax according to The George Lucas Educational Foundation (2005) and the PjBL-STEAM 
learning syntax according to Laboy-Rush (2010). The combined syntax can be reviewed in Table 1.

Table 1. Syntax Formulation of E-STEAM PjBL

Stages PjBL (Lucas) PjBL-STEAM (Laboy-Rush) Syntax PjBL E-STEAM (researchers)

First Start with the 
essential question 

Reflection (providing a problem 
and inspiration to begin 
investigation)

Learn (study the given problem and ask 
challenging questions)

Second Design a plan for the 
project 

Research (starting research/
finding relevant sources of 
information)

Discuss (discuss the topic, design, and 
project schedule)

Third Create a schedule Discovery (solving a problem 
through a project)

Perform (carry out the project according to 
the agreed design and schedule)

Fourth
Monitor the students 
and the progress of 
the project 

Application (applying concepts 
to the project and testing the 
project)

Elaborate (elaborate the application of 
concepts to the project, bring out creativity 
with communication and collaboration)

Fifth Assess the outcome Communication (project 
presentation/feedback)

Convey (present the results of project 
implementation)

Sixth Evaluate the 
experience 

  Practice (demonstrate the results of the 
project in accordance with work procedures)

Seventh  
  Evaluate (evaluate the results and 

experience of carrying out the project)
Eighth Use (implement the project in life)

The research begined with an explanation of the model and research objectives, then students were 
given a pre-test on mastery of science concepts and critical thinking skills. The research continued with 
the implementation of the learning model by the E-STEM PjBL syntax and each student was given a 
learning module. Classes are held in a hybrid manner, namely offline and online via Google Classroom. 
Online is only used for collecting project results, project-making videos, and student worksheets. 
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Research Instrument
The results of the needs analysis related to the development of the E-STEM PjBL model produced 

the E-STEM PjBL model syntax (i.e., Learn, Discuss, Peform, Elaborate, Convey, Practice, Evaluate 
and Use), E-STEM PjBL learning modules, and instruments to measure science concept mastery, 21st-
century skills, including critical thinking and creativity. Learning tools in model books and learning modules 
were designed based on theory through literature review and field studies and were presented at the 2023 
International Conference on Science, Education, and Technology (ISET) at Universitas Negeri Semarang 
(Rohman et al., 2023). Several instruments were developed to test this model’s effectiveness, including 
expert validation sheets, science concept mastery test sheets, critical thinking skills test sheets, and 
creativity skills observation sheets.

Sample and Data Collection
The research was conducted on final students of the Science Education study program at Universitas 

Islam Negeri Salatiga, Central Java, Indonesia for the 2022/2023 academic year for 1 semester or 6 
months. The first half of the semester (first 3 months) was used for limited trials with 13 students by 
making small classes, and then the final half of the semester (last 3 months) was used for trials in learning 
in 31 students for regular classes. Data collection techniques using test instruments and observation 
sheets. The instrument was validated empirically by four experts and analyzed using Aiken’s V formula. 
Data on science concept mastery was taken using a description test, data on critical thinking skills used a 
multiple-choice test equipped with reasons, and data on creativity used an observation sheet.

Analyzing of Data
Research data was analyzed using Excel and SPSS programs. Data from expert validation was 

analyzed using the Aiken’s V (Eq.1) formula using the Excel program. Aiken’s V formula (Aiken, 1985) 
used as follows:

 						      				    (1)

Description:
V = validity value
s  = r-lo
r  = expert’s preferred category score
lo = lowest assessment score
n  = number of experts
c  = highest assessment score

Most of the research data was analyzed using the SPSS program, including validity and reliability, 
descriptive analysis, normality test, independent sample t-test, and non-parametric tests Wilcoxon. Test 
normality using the Shapiro-Wilk test because the sample data is only 31 students or less than 100 people. 
If the data is normally distributed, a parametric test is carried out, whereas if it is not normally distributed, 
the data is analyzed using a non-parametric test. All values obtained are interpreted at a significance level 
of 0.05. To answer the research objectives, pre-test and post-test data on mastery of science concepts 
and critical thinking skills were analyzed using the N-gain test (Hake, 1998) and N-gain percentage (Hake, 
1998) as in Table 2 and Table 3, namely to determine the effectiveness of implementing the E-STEM PjBL 
model. The creativity skills data were analyzed for validity and reliability and the average assessment from 
2 observers was interpreted using the creativity skills assessment criteria.

Table 2. N-gain Achievement Level Criteria (<g>)
Average <g> value Criteria
<g> < 0,3 Low
0,3 < <g> ≤ 0,7 Moderate
0,7 ≥ <g> High
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Table 2 reveals the criteria for assessing creativity skills. When the g-value is less than 0.3, the 
criterion is low. Then, if the g-value is between more than 0.3 to less than equal to 0.7 then the criterion is 
medium. Next, if the g value is more than equal to 7 then the g value is high.

Table 3. Criteria for N-gain Effectiveness Levels
N-Gain (%) Criteria
< 40 Ineffective

40 - 55 Less effective
56 - 75 Effective enough

> 75 Effective
 

From Table 3, it can be seen that when the percentage of the N Gain value is less than 40 %, the 
criterion is ineffective. Furthermore, when the N Gain percentage is at 40-55 % then it can be categorised 
as less effective. When the value of 56-75 can be said to be quite effective and if the value is less than 75 
then the category is effective.

Results

Effectiveness of the E-STEM PjBL Model in Improving Science Concept Mastery
Science concept mastery is increased by applying the E-STEM PjBL model. Students’ initial 

knowledge is measured through a pre-test. On the other hand, students’ final science concept mastery 
after learning with the E-STEM PjBL model syntax is measured through a post-test. The science concept 
mastery test was first given to a limited class of 13 randomly selected students. The pre-test and post-
test results were tested for normality using the Shapiro-Wilk test, with the Ho testing criteria (distribution 
of data does not deviate from the normal distribution). Ho is rejected if the sig value ≤ α 0.05, or data is 
normally distributed if the sig value > α 0.05. The results of the Shapiro-Wilk normality test obtained a pre-
test significance value of 0.776 and a post-test of 0.083 (Table 6), all  >α 0.05 so that Ho was accepted 
or the pre-test and post-test data were normally distributed. The aim of testing it in this limited class is 
to get input regarding the validity and reliability of the questions. The results of the analysis using SPSS 
obtained questions at a very reliable level with a Cronbach’s Alpha value of 0.893 and obtained 12 valid 
questions. Three questions were invalid because the difficulty level was high and included questions 
with different strengths from the poor question category (less than 0,2). Invalid questions were not used 
because the subject matter of the questions still contained representative indicators. Another reason was 
the sequential research time.  

Table 4. Normality Test Results and Reliability Statistics for Limited Class Science Concept Mastery
Data Shapiro-Wilk test Cronbach’s Alpha
Pre-test Sig.(2-tailed) 

0,776>0,05
Data is normally 
distributed

0,893 >0,80 – 1,00 Data is 
Very Reliable

Post-test Sig.(2-tailed) 
0,083>0,05

Data is normally 
distributed

The 12 test questions were then tested in a larger class with 31 students. The pre-test and post-
test results on the large-scale test were also tested for normality using the Shapiro-Wilk test. The results 
of the Shapiro-Wilk normality test (Table 5) obtained a pre-test significance value of 0.122 and a post-test 
of 0.186, all greater than α 0.05 so that Ho was accepted or the pre-test and post-test data were normally 
distributed. The data met the requirements for analysis using parametric statistics. The next stage of 
statistical testing is the paired sample t-test, which determines the significance of increasing students’ 
science concept mastery. The criterion used is if the t-test has a sig value < α 0.05, then Ho is rejected, 
and H1 is accepted (Ho = there is no difference in concept mastery scores before and after the E-STEM 
PjBL learning model is applied and H1 = there is a difference in concept mastery scores before and after 
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the E-STEM PjBL learning model is applied). Based on the t-test results, the sig value is 0.000, which 
means it is smaller than α 0.05, then Ho is rejected, and H1 is accepted. It means there is a significant 
increase in concept mastery of prospective science teachers in Environmental Physics material. 

Table 5. Results of Normality Test, Paired Sample T-test, and N-Gain Score for Science Concept Mastery in 
Experimental Class

Data Shapiro-Wilk Test Paired-Sample T-Test N-Gain score Conclusion

Pre-test Sig.(2-tailed) 
0,122>0,05

Data is 
normally 
distributed

Sig. (2-tailed) 
0,000<0,05

Both data are 
correlated 0,5809 Modium 

Achievement

Post-tets Sig.(2-tailed) 
0,186>0,05

Data is 
normally 
distributed

Sig. (2-tailed) 
0,000<0,05

There is a 
significant 
difference.

58,09% The upgrade is 
quite effective

The N-Gain test results obtained an average of 0.58 or 58.1% using the criteria in Tables 2 and 3. 
The effectiveness of the E- STEM PjBL model on concept mastery is in the medium category and is quite 
effective in increasing science concept mastery.

Effectiveness of the E- STEM PjBL Model in Improving Critical Thinking Skills
The increase in students’ critical thinking skills due to implementing the E-STEM PjBL model is 

measured through pre-test and post-test. The results of the pre-test and post-test were tested for normality 
using the Shapiro-Wilk test (because the data is less than 100), with the Ho testing criteria (distribution 
of data does not deviate from the normal distribution), namely, Ho is rejected if the sig value ≤ α 0.05 or 
data normally distributed if the sig value. > α 0.05. The results of the Shapiro-Wilk normality test (Table 
6) obtained a pre-test significance value of 0.369, greater than α 0.05 (normally distributed pre-test data), 
and a post-test of 0.006 smaller than α 0.05 (post-test data not normally distributed). The data does not 
meet the requirements for analysis using a parametric test, so a non-parametric test will be carried out 
using the Wilcoxon signed ranks test.

Table 6. Results of Normality Test, Paired Sample T-test, and N-Gain Score for Critical Thinking Skills in 
Experimental Class

Data Shapiro-Wilk Test Wilcoxon Signed Ranks Test N-Gain 
score

Conclusion

Pre-test Sig.(2-tailed) 
0,369>0,05

Data is 
normally 
distributed

Asymp. 
Sig. 
(2-tailed) 
,000<0,05

Both 
data are 
orrelated

Mean Rank: 
Positive 

Ranks 16

0,6091 Moderate 
Achievement

Post-tets Sig.(2-tailed) 
0,006<0,05

Data is not 
normally 
distributed

Asymp. 
Sig. 
(2-tailed) 
,000<0,05

There 
is a 
ignificant 
ifference.

60,91% The upgrade is 
quite effective.

Table 6 shows that the mean is a positive rank with an average of 16, meaning an increase between 
the pre-test and post-test results. The Wilcoxon Test can prove this with Asymp Sig < α 0.05 criteria, Ho is 
rejected, and H1 is accepted (Ho = there is no difference in the value of critical thinking skills before and 
after implementing the E-STEM PjBL learning model and H1 = there is a difference in the value of thinking 
skills critical before and after implementing the E-STEM PjBL learning model). Based on Wilcoxon Test 
results, the Asymp Sig value of 0.000 is obtained, which means it is smaller than α 0.05, so Ho is rejected, 
and H1 is accepted. The conclusion is that there is a significant increase in the critical thinking skills of 
prospective science teachers in Environmental Physics material. The N-Gain test results obtained an 
average of 0.60 or 60.91% (Table 6) using the criteria in Table 2 and 3. The effectiveness of the E-STEM 
PjBL model on critical thinking skills is in the medium category, and it is quite effective in improving the 
critical thinking skills of prospective science teachers. The post-test results are also interpreted according 
to assessing critical thinking skills, as in Table 7. 
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Table 7. Post-test results of Critical Thinking Skills According to Observation Aspect
Observation Aspect Percentage of Total Critical Thinking Skills Score
Give a simple explanation 72,28 %
Build basic skills 70,56%
Make conclusions 56,45%
Make further explanations 59,68%
Organize strategies and techniques 64,31%

According to observation aspect, Table 7 conveys that students mostly master the aspect of 
providing simple explanations with total critical thinking skills 72,28 %. Then, in sequence, they build basic 
skills, organize strategies and techniques, make further explanations, and conclude.

Effectiveness of the E-STEM PjBL model in Improving Creativity
Creativity skills refer to thinking creatively, working, and creating innovations (Trilling and Fadel, 

2009). The results of the assessment of creativity by two observers for 31 students in four aspects are 
shown in Table 8. 

Table 8. Observation Results of Creativity

Variable Observer 1 Observer 2 Average Category
Fluency of thinking 3.18 3.19 3.19 Good
Flexibility 3.17 3.18 3.18 Good
Elaboration 3.30 3.28 3.29 Very good
Originality 3.15 3.18 3.17 Good

Table 8 shows that the students’ fluency in the thinking aspect is 3.19, meaning that the effectiveness 
of implementing the E- STEM PjBL model in improving the creativity fluency skills of prospective science 
teachers is in the good category. Increasing the flexibility of creativity obtained a score of 3.18 or a 
good category. The aspect of increasing elaboration in creativity obtained a score of 3.29 or a very good 
category. The aspect of increasing originality in creativity obtained a score of 3.18 or a good category. 
The conclusion that can be drawn is that the effectiveness of implementing the E- STEM PjBL model in 
improving creativity skills or creativity, in general, is in a good category.

Discussions

Based on the research results, innovation in developing a learning model that integrates the project-
based learning model (PjBL) with the disciplines of Ethnoecology and STEM (E-STEM PjBL model) has 
been proven to make a positive and significant contribution to the learning success of prospective science 
teachers. This can be seen from the assessment results of science concept mastery, which show a 
significant increase. Applying the E-STEM PjBL model has proven effective in increasing science concept 
mastery. Students master science concepts not only through reading the material in the module but also 
through the experience gained while carrying out the project. While carrying out the project, students 
will also develop scientific attitudes due to the scientific methods that students apply when working on 
the project. The findings in this research are from previous research, which confirms that project-based 
learning can increase mastery of concepts (Hanif et al., 2019; Yamin et al., 2017) and problem solving 
ability (Andanawarih et al., 2019)

can cultivate high-level thinking in implementing scientific learning (observing, associating, trying, 
discussing, and communicating) (Santi et al., 2020). This shows that the E-STEM PjBL model is in line 
with the nature of science: science as a cognitive, epistemic (scientific method), and social-institutional 
(scientific attitude) system (Akgun and Kaya, 2020; Erduran and Dagher, 2014). This model is also in line 
with (Bloom et al., 1956), who stated in Bloom’s taxonomy that educational goals must always refer to 
three domains: the cognitive domain (knowledge or thought processes), the affective domain (values or 
attitudes), and the psychomotor domain (skills).  
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It is also line with the objective of this research to reveal the effectiveness of the E- STEM PjBL model 
in improving the critical thinking skills of prospective science teachers. The critical thinking skills studied 
include five aspects: 1) providing simple explanations, 2) building basic skills, 3) concluding, 4) making 
further explanations, and 5) organizing strategies and techniques (Ennis, 2013). Based on the results 
of the pre-test and post-test, there are significant differences, meaning that applying the E- STEM PjBL 
model in learning has proven effective in improving critical thinking skills. Then, in sequence, they build 
basic skills, organize strategies and techniques, make further explanations, and conclude. The application 
of the PjBL model makes an excellent contribution to increasing scientific literacy, critical thinking abilities 
(Muhibbuddin et al., 2020), and other essential skills, such as collaboration, communication, creativity, 
and critical thinking (Allison, 2018; Samsudi et al., 2019). STEM can develop critical thinking in real-world 
problems, make science learning easier to increase students’ motivation (Miller and Dumford, 2016), and 
quality human resources (Anwar et al., 2023). 

Applying the Etnoecological-STEM PjBL model with the project of utilizing water hyacinth plants, 
besides increasing science concept mastery and critical thinking skills, is also expected to increase 
students’ creativity through critical thinking skills. 

Figure 1. Water hyacinth plants

The research results show that the application of the E-STEM PjBL model is effective in the good 
category in improving the creativity of prospective science teachers. Creativity can be seen in four aspects: 
fluency of thinking, flexibility of thinking, elaboration, and originality (Guilford, 1956). The elaboration 
aspect is a skill that students very well master, while fluency of thinking, flexibility, and originality are also 
mastered by many students. This is in line with the characteristics of the E-STEM PjBL model, which can 
be seen in its syntax: learn, discuss, do, elaborate, convey, practice, evaluate, and use. 

The aspect of fluency of thinking will be widely trained and needed in steps 1 and 2: students 
study science concepts, find ideas, and discuss the findings in group discussions. The flexibility aspect is 
mostly trained in steps 3 and 5 when implementing projects according to the schedule and project design 
and in delivering project results. The elaboration aspect is mostly trained in steps 4 and 6, namely when 
elaborating during the project creation process and practicing the final results of project work. Aspects 
of originality are often trained in steps 7 and 8, because in the evaluation stage and using projects in 
everyday life, students must be able to argue, answer, and present them to others. This research results 
align with (Sumarni and Kadarwati, 2020), who stated that the Etno-STEM project-based learning model 
can improve critical thinking and creativity. Therefore, the PjBL model can improve creative and critical 
thinking skills (Allison, 2018; Samsudi et al., 2019). STEM education can foster problem-solving skills 
(Yuliari and Hanim, 2020) and creativity skills (Buinicontro, 2018).

Conclusions

The research concludes that the innovative E-STEM PjBL model implemented in the Environmental 
Physics course has been proven to improve students’ science concept mastery, critical thinking skills, and 
creativity through creativity. Science concept mastery is obtained through material in modules, internet 
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media, and when elaborating science concepts in project work. Students’ critical thinking skills and 
creativity, seen in several aspects, have been covered at every step in the syntax of the E- STEM PjBL 
model (learn, discuss, do, elaborate, convey, practice, evaluate, and use). Students’ creativity can also 
be seen while working on projects or products, starting from arranging schedules, designing, working on, 
and demonstrating projects. 

The integration of the PjBL model with the disciplines of Ethnoecology and STEM education 
allows for accompanying impacts on learning. Ethnoecology integration can foster an environmentally 
caring character, while STEM education can improve students’ ability to utilize technological advances 
in learning. For prospective science teachers, it is essential to master science concepts and be skilled in 
scientific methods that require critical thinking skills and creativity, so prospective science teachers will 
ultimately develop scientific attitudes. 

The syntax from the innovation in the E-STEM PjBL model can be applied to environmental 
physics and other science courses with the potential for projects that students can carry out, for example 
basic physics, mechanics, or biology or chemistry courses. Then, this paper is expected to be used to 
train student teachers in practicing other 21st century skills such as communication, collaboration, and 
environmental awareness.
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