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Abstract 
The transition toward renewable energy and sustainable development requires innovative learning approaches 
that foster students’ Higher-Order Thinking Skills on Environmental Problems (HOTSEP) and Environmental 
Literacy (EL). However, the integration of local wisdom, STEM disciplines, and digital learning environments 
in green technology education remains limited. This study aimed to develop and evaluate an Ethno-STEM-
based Web-Based Learning (WBL) model integrated with Green Technology (GT) projects to enhance stu-
dents’ HOTSEP and EL. The study employed the ADDIE research and development model involving 40 
Chemistry Education students at Universitas Lambung Mangkurat, Indonesia. Data were collected through 
expert validation sheets, observation sheets, student response questionnaires, HOTSEP tests, and EL instru-
ments. Data were analyzed using Aiken’s V, Cronbach’s Alpha, N-gain, paired t-tests, and Wilcoxon tests. 
The results showed that the developed GT website achieved a very high validity score (92.58%) and demons-
trated excellent practicality based on readability and student responses. The implementation of the Ethno-
STEM WBL model significantly improved students’ HOTSEP and EL (p < 0.05), with N-gain scores of 0.74 
and 0.71, respectively, both categorized as high. Students actively engaged in bioethanol and biodiesel pro-
jects, enabling them to connect scientific concepts, local knowledge, and environmental problem-solving prac-
tices. The novelty of this study lies in the integration of Ethno-STEM, web-based learning, and green techno-
logy projects within a renewable energy context to simultaneously develop HOTSEP and environmental lite-
racy. This framework offers an innovative approach for advancing sustainability-oriented science education 
and supporting the achievement of the Sustainable Development Goals. 
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1. Introduction 
Indonesia is shifting towards renewable 

energy, aiming for 23% use by 2025 and 31% 
by 2050, in line with the National Energy 
Policy (NEP) (Syafii et al., 2021). This tran-
sition supports Sustainable Development 
Goals (SDGs) 7 (affordable and clean energy) 

and 13 (climate action) to ensure sustainable 
energy and mitigate climate change impacts. 

 Education for Sustainable Development 
(ESD) is essential for achieving renewable 
energy in Indonesia, requiring comprehen-
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sive resources. Building quality human re-
sources through education fosters skills nec-
essary for a sustainable future in energy. 

The approach to ESD involves inte-
grated green technologies (GT), chemistry 
projects, and media/ICT (Kanvaria & Yadav, 
2024). Integrating project-based learning and 
collaboration enhances meaningful student 
experiences in the national curriculum (Fa-
risi, 2016) that involve Higher-Order Thinking 
Skills of Environmental Problems (HOTSEP), 
and Environmental Literacy (EL) (Fensham & 
Bellocchi, 2013). 

The results of the initial study show that 
students' HOTSEP and EL remain low. 
Therefore, innovation of digital learning 
materials (website) is needed according to the 
University's vision of a wetland environment, 
through the development of innovative learning 
designs. 

From an advanced learning perspective, this 
condition indicates that current instructional 
practices have not fully facilitated higher-order 
cognitive engagement, adaptive thinking, and 
knowledge transfer across contexts. Advanced 
learning emphasizes deep conceptual understan-
ding, critical inquiry, problem-solving, innova-
tion, and the ability to transfer knowledge across 
complex real-world contexts. In this perspective, 
learning should not only improve academic achi-
evement but also cultivate environmental res-
ponsibility, sustainability awareness, and adap-
tive competencies required in the twenty-first 
century (Mahat et al., 2024). Therefore, innova-
tive learning designs integrating digital techno-
logy, local wisdom, and interdisciplinary STEM 
knowledge are essential to support progressive 
and challenging learning experiences. 
Therefore, the integration of digital learning 
environments such as web-based platforms 
should not only deliver content but also promote 
innovation-oriented and inquiry-driven learning 
experiences. 

Several previous studies have shown 
that Ethno-STEM learning is able to improve 
students’ HOTSEP, critical thinking, creativ-
ity, and metacognition (Sumarni & Kadar-
wati, 2020). The Ethno-STEM approach 
combines cultural knowledge with STEM 
curricula to enhance inclusivity and engage-
ment, valuing diverse scientific understand-
ings and incorporating students' cultural her-
itage in education (Chahine, 2021).  

In addition, this approach aligns with the 
principles of lifelong learning, where stu-
dents continuously construct knowledge by 
connecting scientific concepts with local 
wisdom and real-life experiences. Lifelong 
learning in this context supports the deve-
lopment of adaptive learners who are capable 
of continuously updating their knowledge 
and skills in response to environmental and 
technological changes (Sudarmin et al., 
2023). 

Furthermore, the Ethno-STEM approach 
contributes to character education by foste-
ring environmental responsibility, collabora-
tion, ethical decision-making, and awareness 
of sustainable resource utilization. Through 
engagement with local wisdom and commu-
nity-based environmental issues, students de-
velop values-oriented competencies that sup-
port responsible citizenship and sustainable 
development (Kale & Goh, 2014). 

Integrated project activities in the Ethno-
STEM and WBL approach aim to develop stu-
dents' HOTSEP and EL, thereby simplifying 
their understanding of  Green Technology (GT). 
The existence of Ethno-STEM-WBL can en-
courage students' interest and interaction in 
the learning materials being studied (Hendri 
et al., 2021) and can be designed according 
to students' needs and characteristics. 

Ethno-STEM WBL approach with the 
Engineering Design Process (EDP) describes 
five steps: ask, imagine, plan, create, and im-
prove (Shahali et al., 2016). The EDP learning 



 
 
 

 
Indonesian Journal on Learning and Advanced Education (IJOLAE)| p-ISSN 2655-920x, e-ISSN 2656-2804  
Vol. 8 (2) (2026) 480-503 

482 
 

Ethno-STEM-Based Web-Based Learning Enhances Students' HOTSEP and Environmental Literacy in 
Green Technology Project 

has a positive impact on improving students' 
skills in solving science and mathematics-based 
problems (Syukri et al., 2018). STEM learning 
can be considered a promising approach to fin-
ding creative and sustainable solutions to envi-
ronmental problems with GT (Lenger et al., 
2020). 

Green technology reduces environmental 
harm from products, lowers greenhouse gas 
emissions, and promotes the use of organic re-
sources. The GT topic is used to improve studen-
ts' HOTSEP and EL through group discussions 
to solve problems. The state of the art of this re-
search is the Ethno-STEM WBL approach in 
GT. Web content merges culture and STEM, 
promoting project-based learning. Improving 
students’ creative thinking skills, character, en-
vironmental literacy, attitudes, and HOTSEP are 
all facilitated by an ethno-STEM approach (Iz-
zah et al., 2023). Students create tech products 
while facing 21st-century challenges, desig-
ning and implementing low-carbon energy sys-
tems, which also involve renewable energy sour-
ces, for example, bioethanol (Guragain et al., 
2016) and biodiesel (Abdullah et al., 2017). Un-
like previous studies that primarily examined 
Ethno-STEM, project-based learning, or en-
vironmental literacy separately. This study 
uniquely combines Ethno-STEM, Web-
Based Learning, Green Technology, and the 
Engineering Design Process into an inte-
grated framework, enhancing advanced 
learning, environmental literacy, and prob-
lem-solving skills through renewable energy 
projects rooted in local wisdom. 

 
2. Method 

This study employed the ADDIE model for 
research and development for creating learning 

resource products (Almelhi, 2021). The ADDIE 
model comprises the following phases: Analyze, 
Design, Develop, Implement, and Evaluate 
(Syahmani et al., 2024).  Within this study, the 
ADDIE model is implemented not only as an 
instructional design framework but also as a 
scaffold for advanced learning, where iterative 
evaluation supports continuous improvement, 
reflective thinking, and adaptive learning pro-
cesses. This aligns with innovation learning prin-
ciples that emphasize experimentation, feedback 
integration, and knowledge refinement. 

These phases are sequential, with each one 
depending on the successful conclusion of the 
one before it. Furthermore, as an iterative feed-
back model, the ADDIE model closes the loop 
by incorporating feedback from the evaluation 
phase into subsequent iterations of the learning 
product. Table 1 shows the stages of ADDIE de-
velopment. Five experts validated the web GT 
using a sheet. Forty Chemistry Education 
students from Semester III at Lambung 
Mangkurat University participated in this ac-
tivity. Ethno-STEM WBL was the research 
focus.  

This development begins with the analysis 
stage, where researchers analyze the aspects ne-
eded for the development of web/e-modules, 
such as a preliminary analysis of the initial state 
of the student. Subsequently, the design stage 
commences when the GT web has begun to be 
designed in the form of a first draft, which still 
needs to be revised according to the suggestions 
and input received. After revising, the next step 
is testing. This research used data collection with 
instrument tests and questionnaires in a Google 
form. The data analysis consists of validity, prac-
ticality, and effectiveness.
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Table 1. Steps for Developing the ADDIE Model 
Step Sample Task Sample Output 

Analysis Needs analysis, task analysis, and instruc-
tional analysis 

Learner profile and problem statement, description 
of instructional content, and establish what must be 
learned. 

Design  Identification of objectives, plan  
instruction, and identify resources 

Measurable objectives, instructional strategy, and 
specification. 

Development Developing learning materials, expert val-
idation, and small group testing 

Module prototype and validator comments 

Implementation Product trials and implementation on stu-
dents were followed by data collection  
on the practicality and effectiveness of the 
teaching materials. 

Student comments and data on the practicality and 
effectiveness of the Ethno-STEM WBL. 

Evaluation The research team and lecturers evaluated 
the implementation process and products, 
as well as HOTSEP measurements and 
students' environmental literacy (EL). 

Empirical products in the form of teaching materials, 
lesson plans, research instruments, and student 
HOTSEP and EL measurement results. 

 
 

Table 2. Data Collection Instruments 
Aspect Instrument 

Validity Web GT validation sheet 

Practicality Observation sheet, readability, and  
student response questionnaires. 

Effectiveness Test of students’ HOTSEP and EL. 

 
a. Analysis of validity and reliability 

The validation test of the data was analyzed 
using Aiken's V formula. The following catego-
ries were used to interpret the validity of the 
website GT, a test of students’ HOTSEP and EL:  
1) 85 < x ≤ 100 (very valid),  
2) 70 < x ≤ 85 (valid),  
3) 50 < x ≤ 70 (less valid), and  
4) x ≤ 50 (invalid) (Yunita et al., 2021).   

 
Reliability test using Alpha Cronbach with 

the categories: 
1) 0.90 <a ≤ 1 (very high),  
2) 0.70 < a ≤ 0.90 (high),  
3) 0.50 < a ≤ 0.70 (medium),  
4) a ≤ 0.50 (low) (Syahmani et al., 2017).  

 
A HOTSEP test with 15 items, a two-tier di-

agnostic test. Indicators of HOTSEP are critici-
zing environmental issues, solving environmen-
tal problems, and developing innovations about 
the environment (Ichsan & Rahmayanti, 2020; 
Islami et al., 2021; Primarini et al., 2021). 

Analysis of students’ HOTSEP in learning acti-
vities referring to the rubric scoring guidelines. 

The environmental literacy (EL) instrument 
utilized the Middle Schools Environmental Lite-
racy Survey/Instrument (MSELS/I) from the 
National Environmental Literacy Assessment, 
NELA (McBeth et al., 2011) with modifications 
to green chemistry content. The MSELS test in-
cludes environmental literacy components: kno-
wledge, cognitive skills, and affective and beha-
vioral domains (Karimzadegan & Meiboudia, 
2012; McBeth et al., 2011). 

 
b. Analysis of practicality 

The practicality analysis of data was analy-
zed by using a readability and student response 
questionnaire, a lecturer observation sheet with 
the following practicality categories:  
1) 81.00% - 100.00% (very practical), 
2) 61.00% - 80.00% (practical),  
3) 41.00% - 60.00% (practical enough), 
4) 21.00% - 40.00% (impractical), and 
5) 00.00% - 20.00% (very impractical).   
 
c. Analysis of effectiveness 

The effectiveness analysis of the improve-
ment of students’ HOTSEP and EL before and 
after learning. Data were analyzed descrip-
tively and inferentially to evaluate 
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HOTSEP’s impact on students' EL develop-
ment. 

 

 
Figure 1. Display the Website of GT 

 
N-Gain was used to calculate the magni-

tude of the improvement. The categories to inter-
pret the average N-gain of students' HOTSEP 
and EL: g > 0.7 (high), 0.3 < g ≤ 0.7 (moderate), 
and g ≤ 0.3 (low) (Hake, 1998). Paired t-tests 
(parametric) or Wilcoxon tests (non-para-
metric) compared pretest and posttest out-
comes for significant increases. 

 
3. Result and Discussion 
a. What features of the GT web? 

Research findings on the GT web will 
align with established goals, showcasing its 
usefulness and efficacy through concise, 
comprehensible, and well-organized content 
tailored to student needs. This web has to be 
accessible with a link: www.teknologihi-
jau.my.id (Figure 1) via computers/smartpho-
nes at any time, anywhere. The web also con-
tains environmental problems in everyday life re-
lated to the main study, scientific activities and 
discussions, images, videos, and evaluations. 

Beyond serving as a digital content reposi-
tory, the GT website functions as an innovative 

learning environment that supports self-directed 
learning, collaborative inquiry, reflective thin-
king, and project-based problem-solving. These 
features align with contemporary trends in lear-
ning technology literacy and progressive educa-
tion, enabling students to construct knowledge 
through authentic environmental challenges. 

 
b. How is the validity and practicality of 

the Ethno-STEM WBL? 
The validity of the web GT is based on the 

assessment of 5 experts. This validity asses-
sment consists of several aspects, namely the fe-
asibility of content, presentation, language, and 
media. The validation results can be seen in Ta-
ble 3. Based on Table 3, the overall validity of 
the web is 92.58%.  Yunita et al. (2021) state 
that the range 81%-100% is the "very valid" ca-
tegory. The validator noted the web GT's 
completeness, relevance, and suitability for 
illustration. 

 
Table 3. Validation Results of Web GT 
Aspects Percentage Category 
Content 90.67 Very valid 

https://www.teknologihijau.my.id/home
https://www.teknologihijau.my.id/home
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Aspects Percentage Category 
Presentation 95,07 Very valid 

Media 93.00 Very valid 

Language 91.56 Very valid 
Average 92.58 Very valid 

 
Validation of GT's presentation includes 

introduction, content, and conclusion; stu-
dents' projects show reliable HOTSEP and 
EL with Cronbach's alpha 0.71, 0.76. Reada-
bility averaged 85.88%, and 95.5% had a po-
sitive online experience. Ethno-STEM WBL 
positively impacted HOTSEP and EL.  

The production of biofuel (bioethanol and 
biodiesel) involves Ethno-STEM WBL can eas-
ily highlight any socio-scientific issues (SSI) 
(Tytler, 2012). The syntax of the Ethno-STEM 
WBL approach is displayed in Table 4. Lecturer 
enhances project performance across five 
phases: Ask, Imagine, Plan, Create, and Im-
prove (Shahali et al., 2016; Purwaningsih et 
al., 2020).  

 
1) The Ask Phase 

The learning chemistry class begins with 
an introduction to the SDGs, and students 
identify problems: New Renewable Energy 
(NRE) aims to reduce reliance on fossil fuels, 
targeting 23% usage by 2025 and 31% by 
2050. How can biofuels, as an alternative 
energy source, be made from biomass or waste 
cooking oil (WCO)?. 

 
2) The Imagine Phase 

Students then engage in group activities 
to gather information and conceptualize NRE 
projects in GT about biofuels from biomass or 
WCO.  

3) The Plan and Create Phase 
Students plan and develop laboratory 

projects, researching plant feedstocks for 
biofuels. They design solutions and proto-
types, presenting findings while monitoring 
progress in class. Group activities enhance 
their NRE-Biofuels projects, with teacher 
support for overcoming challenges. 

 
4) The Improve Phase 

After project completion, students per-
form product testing and improvement, and 
evaluation.Assessment includes project and 
product design through an evaluation rubric. 
Finally, a test to assess HOTSEP (covering 
the cognitive levels of analyzing, evaluating, 
and creating) was administered, and students 
completed an EL questionnaire for each indi-
cator.  

The GT web is implementable. The prac-
ticality of the Ethno-STEM WBL was very good 
(Table 4). The 'Ask, Imagine, and Plan' stage 
is in a very good category. While the 'Create 
and Improve' stage is in the good category. 
Ethno-STEM WBL can be used as teaching 
material in chemistry learning for GT. 

The learning sequence reflects a challen-
ging learning environment where students 
are encouraged to investigate complex envi-
ronmental issues, formulate evidence-based 
solutions, and evaluate the societal implica-
tions of renewable energy technologies 
(Živković et al., 2017). Such experiences are 
essential components of advanced learning 
and critical education, where learners acti-
vely construct knowledge rather than passi-
vely receive information. 
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Table 4. The Syntax of the Ethno-STEM WBL 

The Ethno-STEM-WBL Syntax  HOTSEP 
Indicator   Environmental Literacy Indicator  

Ask (Reflection). Identify problems (S, T) Criticizing 
environmental 
issues 

Feelings towards the environment; 
Issue identification and issue analysis Imagine (Discovery). Gather information to 

support the project (S, T) 
Plan (Design). Designing solution ideas and 
simple tools (E, Ethno, M) 

Solving 
environmental 
problems 

Ecological knowledge; 
Environmental sensitivity 

Create (Develop, Present). Making prototype 
products and presentation (S, T, Ethno) Developing 

innovations in the 
environment 

Action plan; Verbal commitment; 
Actual commitment; Pro-
environmental behaviour 

Improve (Improvement and Evaluation). 
Product testing and improvement (S), and 
evaluation (S, T) 
(Chatwattana & Nilsook, 2017; Laboy-Rush, 2011; Shahali et al., 2016) 
Note: Science (S), Technology (T), Engineering (E), and Mathematics (M) 

 
The Ethno-STEM WBL syntax presented 

in Table 4 serves as a pedagogical framework 
that systematically integrates cultural 
knowledge, scientific inquiry, technological 
applications, engineering design, and 
mathematical reasoning into green technology 
learning activities. Through the sequential stages 
of Ask, Imagine, Plan, Create, and Improve, 
students are encouraged to identify 
environmental issues, formulate potential 
solutions, develop innovative products, and 
evaluate the effectiveness of their proposed 
solutions (Zabed et al., 2014). This learning se-
quence fosters HOTSEP, environmental lit-
eracy, and connects scientific concepts with 
local wisdom and real-world sustainability 
issues 

(Almubarak et al., 2025). 
In the context of renewable energy 

education, biofuel production projects offer a 

relevant and meaningful platform for 
implementing the Ethno-STEM approach. 
Bioethanol and biodiesel production activities 
require students to apply interdisciplinary 
knowledge involving chemistry, biotechnology, 
process engineering, and quantitative analysis 
(Syahmani et al. 2021). Furthermore, the 
utilization of locally available biomass resources 
and waste materials reflects the integration of 
indigenous knowledge and environmental 
sustainability principles (Sudarmin et al., 2024). 
Through project-based investigations, students 
gain practical experience in designing 
production processes, evaluating product 
quality, and understanding the role of green 
technology in supporting sustainable 
development goals. The integration of Ethno-
STEM components in biofuel projects is 
summarized in Table 5. 

 
Table 5. Integration of Ethno-STEM in Biofuels 

Ethno Science Technology Engineering Mathematics 
Using biomass or 
local material 
for bioethanol 
and biodiesel 

Making biofuel 
(bioethanol and 
biodiesel) with 
testing the prod-
uct.  

Fermentation  
technology 
Heating, cata-
lyst, and stir-
ring technol-
ogy 

Designing proce-
dures, tools, and 
materials  
for making biofu-
els. 

Calculate tool and material costs, 
and measure biofuels' volume 
and properties 
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5) Bioethanol Production 
Sugar, starch, and cellulose serve as 

feedstock for bioethanol (Germec et al., 2015). 
To produce bioethanol, sterilize sugarcane, 
then ferment with 150 g/L sugar at pH 5.0 
and 30-35°C for 72 hours using Saccharomy-
ces cerevisiae (Zakhartsev et al., 2015), fol-
lowed by distillation and purification (Figure 
2). Yields of bioethanol from honey pineap-
ple and sugarcane are 70.35% and 71.41%, 
respectively, after processing. 

Bioethanol produced and its physical pro-
perties are presented in Table 6.  The amount of 
bioethanol generated increases with the amount 
of sugar. Before being used as biofuel, the bio-
ethanol must be refined by 90% limestone or ze-
olite to remove the remaining 94.0–99.5% of its 
bioethanol concentration (Muhaji & Sutjahjo, 
2018; Candra et al., 2019). Zeolite absorbs wa-
ter, allowing for the precipitation of distilled 
ethanol from sugarcane and pineapple, which 
is then filtered to meet the required standards.  

 

 
Figure 2. Procedure for Making Bioethanol 

 
Figure 2 illustrates the overall pathway of 

bioethanol production from various biomass 
sources, including sugar-rich, starch-rich, and 
lignocellulosic feedstocks. The process begins 
with feedstock preparation, followed by conver-
sion into fermentable sugars through different 
pretreatment routes (Annisa et al., 2024). Sugar-
based materials can be directly fermented, whe-
reas starch-containing biomass requires lique-
faction and saccharification to convert complex 
carbohydrates into simple sugars (Qori et al., 
2020). Lignocellulosic biomass undergoes pre-
treatment and hydrolysis to break down cellu-
lose and hemicellulose into fermentable mono-
saccharides. Subsequently, the resulting sugars 

are subjected to microbial fermentation using 
Saccharomyces cerevisiae, producing ethanol as 
the primary product. The fermentation broth is 
then purified through distillation and dehydra-
tion processes to obtain bioethanol with a higher 
concentration suitable for fuel applications (Putri 
et al., 2023). This production pathway demons-
trates the integration of scientific principles, 
technological processes, and engineering design 
within the Ethno-STEM learning framework, 
enabling students to understand renewable 
energy production through hands-on project ac-
tivities and sustainable resource utilization. 
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Table 6. Physical Properties of Bioethanol Produced 

Feed-stocks Free Sugar (%) Bioethanol Yield (%) Density 
(g/mL) SNI (2008) 

Sugarcane  14,66 70.35 0.7985 0.7936-0.7961 
Honey Pineapple  15,80 71.41 0.7959 0.7936–0.7961 

 
6) Biodiesel  

Biodiesel, or FAMEs (fatty acid methyl 
esters), is an alcoholic ester derived from 
plant oil, microalgae lipids, and animal fat, 
through trans-esterification (Brahma et al., 
2022; Saputro et al., 2022; Elma et al., 2017). 
Transesterification for biodiesel uses homo-
geneous catalysts like sulfuric acid, sodium 
hydroxide, and potassium hydroxide (Yang 
et al., 2018; Neumann et al., 2016; Reyero et 
al., 2015). Heterogeneous base catalysts offer 
environmental benefits, reduced disposal is-
sues, non-corrosiveness, and can be engi-
neered for enhanced activity, selectivity, lon-
gevity, and easier separation (Jayakumar et al., 

2021; Abdullah et al., 2017). Eggshell-derived 
calcium oxide acts as a heterogeneous trans-
esterification (Yusuff et al., 2024; Ahmad et 
al., 2020; Degfie et al., 2019; Chavan et al., 
2015; Lee & Wilson, 2015; Lee et al., 2015) 
for the synthesis of biodiesel (methyl ester) from 
waste cooking oil (WCO).  

The pre-treatment methods for producing 
biodiesel include esterification processes, follo-
wed by transesterification triglycerides or WCO 
(as shown in Figures 3 and 4). This method is 
suitable for oils or fats with high free fatty acid 
(FFA) content and low-quality ingredients. 

.  
Figure 3. The General Transesterification Reaction of Triglycerides to Biodiesel Uses Homogeneous Catalysts  

 

 
Figure 4. The Transesterification of WCO to Biodiesel (Adapted from Trirahayu et al., 2022) 
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A titration method was used to quantify 
FFA in a sample, determining the amounts of 
sodium hydroxide (NaOH) and methanol that 
reacted with WCO to form biodiesel. This 
process requires a catalyst, such as sodium 
hydroxide or catalyzed egg shells derived 
calcium oxide (CES, CaO), and methanol, to 
react with WCO. Using catalysts enhances 
yield, reduces energy needs, and minimizes 
equipment and side effects.  

Fatty acid methyl esters (FAME), com-
monly referred to as biodiesel, along with 

glycerol, are the final products resulting from 
the decomposition of triglycerides (Akubude 
et al., 2019). During the reaction process, tri-
glycerides decompose into FAME, which 
represents biodiesel, while glycerol is formed 
as a byproduct (Khoobbakht et al., 2020). 
The percentage volume yield of WCO bio-
diesel (Table 7). 

The transesterification process occurs 
(Figure 4) in three sequential stages (Basu-
matary et al. 2023). 

 

 
Figure 4. Mechanism for the Synthesis of Biodiesel Using CaO Catalyst 

 
7) Initial interaction 

The fundamental surface sites of CaO nano-
particles draw in and hold triglyceride molecules. 
Elements like surface area and pore architecture 
affect the quantity of accessible active sites for 
triglyceride adsorption (Syahmani et al., 2023). 

 
 
 

8) Nucleophilic Attack 
Methanol adsorbs on CaO, enabling proton 

abstraction to create the methoxide anion, which 
then attacks the carbonyl carbon of triglyceride 
ester linkages. Efficiency relies on temperature, 
methanol-to-oil ratio, and catalyst loading 
(Yusuff et al., 2024). 
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9) Ester exchange and glycerol formation.  
Through nucleophilic attack, creating a tet-

rahedral intermediate. This collapses into diglyc-
eride and FAME, stabilizing the diglyceride an-

ion. The process repeats, attacking all triglycer-
ide carbonyl centers, yielding three moles of 
FAME and one mole of glycerol (Basumatary et 
al. 2023).

 
Table 7. Comparison of Biodiesel Products 

Feedstock 

Methano
l to Oil 
Ratio 
(mol) 

Catalyst 
(wt.%) 

Reaction 
Temperat
ure (°C) 

Reactio
n Time 

(h) 

Biodiesel 
Yield (%) 

Methyl 
Ester (%) 
SNI 2015 

Density 
(kg/m³) 

Density 
(kg/m³) 

SNI 2015 

WCO + NaOH 9:1 3 65 3 94.00 

96.50.00 

903 

850–890 WCO + CES 9:1 3 65 3 95.00 900 

WCO + CES 9:1 3 60 2 96.00 890 

 
The yield and density of WCO biodiesel 

are close to the Indonesian National Standard 
(SNI). The density of biodiesel from WCO 
with CES (CaO) meets the SNI, but the yield 
is slightly below it. Students present project 
outcomes, guided by the lecturer, facilitating 
group discussions and responses regarding 
their findings and achievements. 
  
c. How effective is the Ethno-STEM WBL  

to improve students’ HOTSEP and EL? 
Ethno-STEM WBL enhances students' 

creativity, environmental literacy, and con-
ceptual awareness. Based on n-gain, t-test, and 
Wilcoxon test results (Table 8), the lesson was 
generally successful. The Kolmogorov-Smirnov 
test results showed that the pretest and posttest 
data on students' HOTSEP are normally distri-
buted (Sig., 2-tailed, p-value >0.05), but the data 

on students’ EL are not normally distributed 
(Sig., 2-tailed, p-value <0.05). The inferential 
analysis reveals a significant difference between 
the post-test and pretest scores. Thus, the 
STEAM-WBBL effectively increased HOTSEP 
and students’ EL (p Sig. < 0.05; with n-gain > 
0.70 (high criteria) in the broad trial.  The inte-
gration of Ethno-STEM WBL will streng-
then knowledge construction through studen-
ts' experiences and Long-Term Memory 
(LTM), plus project execution that is appro-
priate to the students' relevant situations. Stu-
dents who have LTM have scientific literacy 
competency and HOTSEP that are aligned in 
a positive direction (Saduglo, 2018). Findings 
support experts' views on the importance of stu-
dents’ HOTSEP and EL (Ichsan et al., 2021; Sari 
et al., 2023; Prabawati et al., 2025). 

 
Table 8. The n-Gain, t-Test, and Wilcoxon Test for All Groups 

Assessment 
aspect Trial 

N 
 

Descriptive analysis Paired t-test Wilcoxon test 
Conclusion 

Pre-test Post-test <g> N-Gain t p(Sig.) Z p(Sig.) 
HOTSEP LT 12 30.90 81.45 0.73 High -30.256 0.000* - - Ho is rejected 
 BT 40 20.23 80.18 0.74 High -47.353 0.000* - - Ho is rejected 
EL LT 12 55.01 85.92 0,69 Moderate - - -4.370 0.000* Ho is rejected 
 BT 40 55.01 86.90 0,71 High - - -5.512 0.000* Ho is rejected 
 
1) Students’ HOTSEP 

Students’ HOTSEP performance is 
presented in Table 9. The results indicate that the 
implementation of the Ethno-STEM WBL 
approach substantially improved students’ 

Higher-Order Thinking Skills on Environmental 
Problems (HOTSEP) across all measured 
indicators. As shown in Table 9, the aspect of 
solving environmental problems achieved an N-
gain score of 0.74, which falls within the high 
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category. This result demonstrates that students 
were able to enhance their capacity to analyze 
environmental issues, evaluate alternative 
solutions, and formulate evidence-based 
recommendations after participating in the 
learning activities. 

Although the improvement was categorized 
as high, the N-gain score for solving 
environmental problems was slightly lower than 
that of the criticizing environmental issues 
aspect. This finding may be attributed to the 
greater cognitive demands associated with 
problem-solving tasks, which require students 
not only to identify and analyze environmental 
issues but also to evaluate available evidence, 
justify their arguments, and propose feasible 
solutions based on scientific reasoning. Such 
activities involve higher levels of cognitive 
processing, particularly at the evaluation level 
(C5), where students must investigate complex 

environmental situations and support their 
decisions with relevant evidence and logical 
explanations (Martawijaya et al., 2023; Garcia, 
2015). 

The findings suggest that students were 
generally more proficient in recognizing and 
critiquing environmental problems than in 
developing comprehensive solutions to address 
them. Nevertheless, the high N-gain value 
indicates that the Ethno-STEM WBL approach 
effectively facilitated the development of 
advanced problem-solving competencies by 
engaging students in authentic environmental 
projects and collaborative inquiry activities 
(Ichsan & Rahmayanti, 2020). These 
experiences encouraged students to apply 
scientific knowledge in real-world contexts, 
thereby strengthening their critical thinking, 
decision-making, and environmental problem-
solving skills. 

 
Table 9. Average of Students’ HOTSEP 

Aspect of HOTSEP Level of  Cognitive Pre-test Post-test N-gain Category 
Criticizing environmental issues C4 24.00 82.00 0.76 High 
Solving environmental problems C5 28.20 81.20 0.74 High 
Developing innovations in the environment C6 20.50 77.33 0.71 High 
Average  20.23 80.18 0.74 High 

 
The achievement of cognitive levels C5 

(Solving environmental problems) and C6 (De-
veloping innovations in the environment) is lo-
wer than that of cognitive level C4 (Criticizing 
environmental issues) because not all students 
can correctly decide, assess, and predict pro-
blems.  This aligns with the findings of Priemer 
et al. (2020), who suggest that STEM and com-
puting education can help students improve their 
problem-solving skills. The lowest increase was 
observed in level C6, with an n-gain of 0.71 in 
the high category. This finding aligns with the 
research results obtained by Musfira & Badjeber 
(2023), which indicate that most students expe-
rienced difficulty in learning concepts and solv-
ing verbal problems presented in questions (C5) 

and (C6), specifically evaluating and creating. 
Some students struggle with drawing conclu-
sions and finding solutions to environmental is-
sues; the teacher assesses both the processes and 
outcomes. Students experienced an increase in 
proposing ideas or solutions accompanied by ev-
idence to support their claims about the problem 
by paying attention to the impacts caused. In line 
with research highlighting the role of STEM ed-
ucation in enhancing HOTSEP and environmen-
tal (Ammar et al., 2024; Ichsan et al., 2021).  

 
2) Students Environmental Literacy 

The students’ environmental literacy (EL) 
achievement is presented in Table 10. The 
results indicate that the implementation of the 
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Ethno-STEM Web-Based Learning (WBL) 
approach in green technology significantly 
improved students’ environmental literacy, as 
evidenced by an N-gain score greater than 0.70, 
which falls within the high category. This 
finding suggests that the integration of cultural 
context, STEM disciplines, and project-based 
green technology activities effectively enhances 
students’ understanding of environmental issues 
and fosters responsible environmental behavior 
(Ichsan et al,. 2021). Through active engagement 
in biofuel production projects, students were 
able to connect scientific concepts with real-
world environmental challenges, thereby 
strengthening their ecological awareness and 
sustainability-oriented decision-making skills. 

These findings are consistent with previous 
studies demonstrating that environmental 

education programs play a crucial role in 
improving learners’ environmental knowledge, 
attitudes, and awareness (Schmitz & Rocha, 
2018; Suryawati et al., 2020; Liu et al., 2015). 
The Ethno-STEM WBL approach provides 
meaningful learning experiences that encourage 
students to investigate environmental problems, 
evaluate alternative solutions, and develop 
environmentally responsible actions. 
Consequently, the learning process not only 
promotes cognitive gains but also supports the 
development of affective and behavioral 
dimensions of environmental literacy, which are 
essential for preparing environmentally 
conscious citizens capable of contributing to 
sustainable development.

 
Table 10. Pre-test and Post-test Scores of Students’ EL 

Aspects of 
Environmental 
Literacy (EL) 

Item Pre-test Post-test N-gain Category 

Ecological Knowledge 1-15 53.40 90.00 0.79 High 
Environmental Affect 16-46 55.00 86.95 0.68 Moderate 
Cognitive Skills 47-55 59.65 86.75 0.71 High 
Behavior 56-65 52.00 83.90 0.66 Moderate 

Average 55.01 86.90 0.71 High 

 
Toward aspects of ecological knowledge 

and cognitive skills in the high category. In line 
with research by Erhabor & Don (2016), envi-
ronmental education influences students' envi-
ronmental attitudes and knowledge. While im-
provements in environmental effects and stu-
dent behavior are moderate, influenced by 
personality and attitudes (Pratiwi et al., 2019). 
The Ethno-STEM WBL fosters interdiscipli-
nary skills through project activities (Syah-
mani et al., 2023; Pease et al., 2020). This ap-
proach focuses on data-driven exploration to 
enhance chemistry understanding through 
project activities, observations, and active 
teacher engagement in problem-solving. 

4. Conclusion 
Based on the results of this study, the web 

GT developed was declared valid and practical. 
The Ethno-STEM WBL learning approach is 
also effective in enhancing students' HOTSEP 
and EL (p Sig. < 0.05) with N-gain values of 
0.74 and 0.71, respectively, in the high category. 
The Ethno-STEM WBL approach represents an 
innovative learning design that effectively inte-
grates local wisdom, STEM disciplines, digital 
learning technology, and green technology pro-
jects to foster students’ HOTSEP and environ-
mental literacy. Beyond improving learning ou-
tcomes, the approach promotes advanced lear-
ning, sustainability-oriented character 
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development, and progressive educational prac-
tices that are relevant to the demands of twenty-
first-century education and the Sustainable De-
velopment Goals. 

The scientist makes some recommendations 
to improve the quality of related future research. 
For example, the GT website can be made more 
interactive, allowing users to engage with it 
through the Ethno-STEM WBL approach to 
solve real-world problems and integrate with 
other learning systems, namely (1). Interactive 
Ethno-STEM integration includes simula-
tions for local problem-solving (e.g., indige-
nous organic waste management) and prob-
lem-based challenges addressing environ-
mental, energy, or health issues. (2) The 
WBL approach is reinforced through project 
modules like designing natural water filters 
or creating bioplastics from cassava and sago, 
linking these to local STEM career profiles. 
(3) Collaboration potential allows integration 
with LMS platforms like Moodle or Google 
Classroom for tracking progress. (4) Superior 
interactive features encompass virtual labs to 
enhance scientific skills and a four-tier simu-
lation system promoting higher-order think-
ing and cultural reflection. 
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