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Abstract. Rabbit urine contains beneficial nutrients for
plants, and in this green chemistry project, its utilization in
making liquid organic fertilizer (LOF) is demonstrated. This
study aims to analyze the ability of students to design a
project to make LOF with the addition of rabbit urine and
analyze the improvement of environmental literacy. The
research method used was pre-experimental with a one
group pretest-posttest design. The research instruments
used were student worksheet, pretest-posttest questions,
and environmental care attitude questionnaire. The subjects
of the study were 30 students in class X of Baiturrahman
Ciparay Integrated High School. The data from the research
was processed using Wilcoxon signed rank test statistics with
a result of <0.001 which means that there is an increase in

environmental literacy after learning. The results of the study
showed that the ability of students to design a LOF project
with the addition of rabbit urine as a whole was obtained at
81.75. The results of the analysis of environmental literacy
improvement obtained an overall N-Gain value of 0.31
(medium), and based on aspects of content, context, and
process of 0.31 (medium). The results obtained an average
attitude score of 58.3 in the poor category. The results of the
study show that the use of project-based worksheets that
utilize rabbit urine in the manufacture of LOF effectively
improves students' environmental literacy.
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Introduction

Indonesia has become a participant in various international programs aimed at
measuring students' science literacy. The Organisation for Economic Co-operation and
Development (OECD) through the Programme for International Student Assessment (PISA)
conducts a global assessment to test students' skills and knowledge in reading,
mathematics, and science, so as to provide an overview of the education system at the
international level. PISA provides reliable data to compare a country's science literacy,
reading literacy, and math literacy levels with others, while understanding the weaknesses
and strengths of the education system being implemented (Sujadi et al., 2022).

Science literacy in Indonesia according to the PISA ranking in 2022 is ranked 6th with
383 points from the average of OECD countries which obtained 476 points. This shows that
Indonesia has relatively low literacy skills. According to the results of interviews with
chemistry teachers at Baiturrahman Ciparay Integrated High School, in general, students
are quite good at implementing environmental knowledge through projects at school. The
shortcomings are in behavior or actions towards the environment in daily life. This is shown
by habits such as the use of single-use plastic containers, then not being used to sorting
waste by type. One of the teachers explained that in environmental literacy skills,

960 | Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 14(3), 960-975, (2026)


https://publications.usk.ac.id/index.php/jpsi
https://doi.org/10.24815/jpsi.v14i3.2250
file:///C:/Users/HP%20X360/Downloads/risarahmawatis@uinsgd.ac.id

ecological knowledge and cognitive skills of the entire school community are quite good,
it's just that the implementation in daily life is still not optimal (R. W. Pertiwi & Mustofa, 2025).

The skills of 21st century learners include literacy, competence, and character.
Critical thinking, analysis, cooperation, and collaboration are essential components of
problem-solving. This skill is related to science literacy. Environmental literacy is part of
science literacy and has an important role in chemistry education.(Ate & Keremata, 2022;
Hikmawati et al., 2021; Pursitasari, 2023).

Environmental literacy refers to a person's ability to understand, apply, and engage
in various issues related to the environment (Mardiana et al., 2026). This ability includes
an understanding of environmental concepts and principles, as well as the ability to
interpret scientific information obtained. In its development, environmental literacy is also
defined as awareness as well as real actions in maintaining and preserving the environment
in a sustainable manner. Awareness and continuous action must certainly be accompanied
by the ability to understand, understand, interpret, analyze, and use available information
(Ulimaz, 2016; Meilina et al., 2024;Erlistiani et al., 2020; Ulimaz, 2021). According to
North American Environmental Education (NAAEE) (2008) environmental literacy consists
of four aspects which include ecological knowledge, cognitive skills, responsible actions
towards the environment, and environmental care attitudes environmental literacy needs
to be integrated into the curriculum in schools to help students develop a comprehensive
understanding of the environment, its challenges, and the importance of sustainable
practices through sustainable learning combined with the project (Jannah et al., 2026).

The PJBL model offers a more interactive approach and allows students to be active
in solving environmental problems, which is in line with the goals of environmental
education. In chemistry learning, activities are needed that can clarify the understanding
of abstract material, namely by the practicum method. The importance of the practicum
method in the PJBL model is reflected in research that shows that experimental activities
not only improve academic understanding but also the practical abilities of students. The
practicum method provides an opportunity for learners to experiment with natural
materials, such as organic waste, in a real-world learning context (Mufidah et al., 2021;
Putri & Rezania, 2024; Wicaksono et al., 2024).

Research shows that liquid organic fertilizer (LOF) can optimize the growth of plants,
such as mustard greens, and provide better results than the use of chemical fertilizers.
Practicum activities held in schools allow students to directly observe the fermentation
process and its application, as well as measure its impact on plant growth. This can arouse
students' interest in the study of science, especially in the fields of chemistry and
agriculture. Through project learning, making green chemical products that utilize leftover
organic materials can be a medium to improve one of the important skills developed in the
21st century, namely environmental literacy (Pariyanto et al., 2023).

Through the practicum of making LOF, students not only learn about the chemical
context that occurs during the fermentation process but also about the importance of
environmental responsibility in addition to students and innovations in producing products
that are beneficial from waste. Students are directly involved and gain practical experience,
will be better able to relate chemical concepts to real applications in daily life. Studies show
that rabbit urine contains sufficiently high macro and micronutrients (especially N, P, K)
compared to the urine of other farm animals, so it has the potential to be used as a base
or additional source of LOF nutrients through fermentation with microbial starters such as
EM-4 and the addition of molasses to improve the quality of N and C-organic. Frequently
reported specific content includes N around 2-4%, P-0s around 0.5-2.8%, and K20 around
0.5-1.6%, although these figures vary depending on the rabbit's source, diet, and
fermentation process. Preliminary test data on the content of macronutrients (nitrogen,
phosphorus, potassium) in LOF made from banana tree waste and the addition of rabbit
urine that had been made showed 0.59% nitrogen, 28.7420 ppm phosphorus, and 86.98
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ppm potassium. These macronutrients meet the SNI standard for macronutrient content
in LOF (Tampubolon et al., 2022).

The results of research conducted by Wicaksono et al. (2024) regarding the influence
of the PjBL model on improving students' environmental literacy showed that the overall
environmental literacy N-Gain value in the experimental class was 0.76 which was included
in the high category, this proves that the PjBL model integrated with environmental themes
is effective in improving students' environmental literacy (Wicaksono et al., 2024) . The
results showed that there was an increase in students' critical thinking skills (CTS) and the
indicators with the highest improvement were analyzing arguments (92.36%) and asking
and answering questions (84.72%). The results of several studies show that the PJBL
model can improve students' cognitive skills (Khoirunnisa et al., 2025; Delima et al., 2025;
Nida et al., 2025). Furthermore, the research conducted by the one who analyzed the
improvement of environmental literacy of high school students using a quasi-experimental
method through a problem-based learning (PBL) and (Putri et al., 2024) the "about In, &
for the environment" approach, the results of the study showed that the average posttest
of the experimental class was 81% while the average of the control class was 68%. Several
studies indicate that the implementation of project-based learning (PjBL) models with a
green chemistry approach has been proven effective in enhancing environmental
awareness and environmental literacy (Dionysios et al., 2021; Purba et al., 2026; Sunday
et al., 2026; Supamongkolruek et al., 2026; Wang et al., 2026).

Based on the above background, no one has applied the process of making LOF with
the addition of rabbit urine in chemistry learning activities with the aim of improving
environmental literacy knowledge, which has become a skill in 21st-century learning.

Methods

The research method used was pre-experimental with a one group pretest-posttest
design. This research was conducted in one experimental class without a control class. This
desigh was chosen because of the limitations of forming comparison groups and
considering homogeneous class conditions. This design makes it possible to determine
learning by comparing the results of the pretest and posttest in the same group (Sugiyono,
2021).

This research consists of three stages, namely: Preparation stage, core stage, and
closing. The preparation stage begins with analyzing KI, KD, syllabus, relevant journals,
preliminary studies, preliminary tests for making LOF, and making instruments. The
research instrument used was first validated by two lecturers who are experts in materials
and media. The instruments are revised according to suggestions and input from validators
so that the instruments used can be trusted to accurately measure the achievement of
students' competencies (Purba et al., 2026). The implementation stage is carried out a
learning process with project-based stages; analyzing problems, designing projects,
executing projects, drafting/protozing products, measuring, assessing, and improving
products, and finalizing and publishing products (Rahmat et al., 2023).

The final stage is focused on data processing, namely analyzing the value of project-
based worksheets and data pretest-posttest as well as attitude questionnaires. The data
were analyzed using Wilcoxon signed-rank test and also calculate the value N-Gain to find
out the improvement of students' environmental literacy (Creswell & Clark, 2017). The
research implementation time was carried out in February-June 2026, starting with the
initial trial and the application of project-based worksheets to class X students at
Baiturrahman Ciparay Integrated High School.
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Results and Discussion

The results and discussion will be divided into two parts, namely the results of the
analysis of the value of the project-based worksheet for making LOF with the addition of
rabbit urine and the results of the analysis of improving the environmental literacy of
students.

Project-Based Worksheet Value Analysis

PjBL activities consist of several stages, namely 1) analyzing problems, 2) designing
projects, 3) executing projects, 4) drafting/prototyping products, 5) measuring, assessing,
and improving products, and 6) finalizing and publishing products. Each stage is designed
to encourage learners to be actively involved in the process of solving real-world problems,
which is the basis for improving students' environmental literacy (Rahmat et al., 2023).

In this phase, students analyze problems in the form of discourses about soil
pollution and the manufacture of LOF products through the fermentation process. Students
are asked to determine the formulation of the problem, in question number 3, which can
be seen in Figure 1 and then fill in the hypothesis or answer to the problem formulation
from the discourse that has been read, which is stated in question number 4, can be seen
in Figure 1. Based on the results of data analysis, the average score for phase 1 analyzing
the problem obtained the highest score of 91.66 with the very good category. Research
conducted by STEM-PjBL in improving environmental literacy shows that project-based
learning is able to significantly improve students' environmental literacy skills, especially
in the early phase of problem identification, making a positive contribution to improving
environmental literacy (Pertiwi et al., 2019). An example of a student's answer in stage 1
can be seen in Figure 1.

AN —
3. Buatlah 2 rumusan masalah pada percobaan pembuatan pupuk cair organik
dari sampah organik! S

2 2
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Figure 1. Example of student answers at the stage of analyzing problems

In the project design phase, students are infiltrated to rewrite tools and materials
in the form of tables and procedures in the form of flow charts based on the pictures of the
procedures presented, an example of a flow chart can be seen in Figure 2, in the image it
can be seen that students write down the procedure for making LOF which includes the
stage of preparing raw materials, the stage of making molasses and the stage of making
LOF. In the project design phase, there are still many students who are not complete in
writing tools and materials and still do not understand the term flowchart. The average
score of the second phase was 75 with the Bai k category. This indicates that the project
design stage is well done. This is in line with the findings (Masdiana et al., 2020). that the
project design stage that is carried out well will contribute to increasing students'
environmental awareness (Masdiana et al., 2020)n example of students' answers at the
stage of implementing the project can be seen in Figure 2.
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Figure 2. Sample answers for students in the project design stage

In the phase of implementing the project, students carried out experiments and wrote
observations during the process of making LOF with the addition of rabbit urine. Writing
student observation data in the form of a table that has been provided in a worksheet. In
the third phase (implementing the project) obtained a score of 83.33 with a very good
category. This is in line with Amaliyah's findings where the project progress stage that is
carried out effectively contributes to improving children's ecoliteracy skills (Amaliyah et
al., 2025). An example of students' answers at the stage of implementing the project can
be seen in Figure 3.

Figure 3. Example of student answers at the stage of implementing the project
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In the phase of compiling product data/prototype, students answer the questions
listed onthe worksheet. The questions amounted to five questions that will make students
improve their understanding related to making LOF with the addition of rabbit urine
(Salsabilla Khoirunnisa et al., 2025). When answering questions, students learn to connect
new information with existing knowledge. Through the answers given, the researcher can
assess the extent to which students understand the material or concepts that have been
studied. In Figure 4 (a), question number 1 is a question about the function of effective
microorganisms 4 (EM4) in the manufacture of LOF and the student's answer is "Source of
microbes for the manufacture of LOF". In Figure 4 (b) is a question about the function of
adding rabbit urine in making LOF and the student's answer is "nitrogen source". In Figure
4 (c) is a question about the chemical process used in the manufacture of LOF, the
student's answer is "fermentation, the overhaul of complex compounds into simpler
compounds by microorganisms". In Figure 4 (d) is a question about how environmental
care actions are reflected through the LOF making project with the addition of rabbit urine,
the student's answer is "We can use banana trees that have become waste and unused
rabbit urine into LOF so that waste is not wasted". In Figure 4 (e) is a question about what
other attitudes can help reduce waste problems, the students' answer is "processing into
biogas".

The average value of the phase of preparing product prototypes was 86.66 with the
category of excellent, this is in line with the findings. that the implementation of STEM-
PjBL which includes (Pertiwi et al., 2024) the discovery and application phases contributes
significantly to increasing students' environmental literacy up to 16.94%, especially in the
aspects of knowledge and cognitive skills in designing solutions to environmental problems
examples of students' answers at the stage of implementing the project can seen in the
Figure 4.
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Figure 4. Sample answer of students at the data/prototype stage Products (a) Answer to
question number 1 (b) Answer to question number 2 (c) Answer to question number 3
(d) Answer to question number 4 (e) Answer to question humber 5

In the phase of measuring, assessing, and repairing the product, students conduct
product assessment by testing LOF through organoleptic test, pH test, and temperature
test. color, texture and odor. Figure 5 is a documentation of the activities of students who
will conduct a LOF temperature test with a thermometer. Figure 6 (a) is an example of an
assessment of the LOF that has been made. Figure 6 (b) is a question of analyzing the
difference in macronutrient content of LOF without rabbit urine and LOF using rabbit urine.
This phase obtained a score of 79.16 in the good category. This score shows that the
reflection stage in PjBL has been implemented well. This is in line with the findings of
(Setyowati et al., 2022) that the reflection stage in PjBL contributes to increasing students'
critical thinking and creativity (Setyowati et al., 2022). An example of students' answers
at the stage of implementing the project can be seen in Figure 5.

Figure 5. Student activities at the stage of measuring, assessing, and improving
products
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(b)

Figure 6. Sample student answers in the stage of measuring, assessing, and improving
products (a) Answer to question number 1 (b) Answer to question number 2

In the phase of finalization and publication of the product, students present the
products that have been made and practicum reports in the form of posters and make
conclusions from the projects that have been carried out. Documentation of poster
presentation activities can be seen in Figure 7, example of poster can be seen in Figure 8
and example of conclusion answers can be seen in Figure 9. The presentation was carried
out in groups and continued with a question and answer session to encourage students to
discuss and equalize their perspectives. The finalization and publication phase of the
product obtained a score of 74.16 in the good category. This is strengthened by the results
of research on PjBL to improve (Delima et al., 2025) scientific writing which reports that
the phase of writing scientific reports and presentation of project results is a crucial stage
in integrating ecological literacy into students' final products. The achievement of 74.16
shows that the students have successfully passed the stage of writing and presenting the
results of the project (Septriana et al., 2025).
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Figure 8. Conclusion answer at the product finalization stage
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Figure 9. Example of a poster of students in the finalization and publication stage of the
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The overall scores of project-based worksheets can be seen in Table 1.

Table 1. Recapitulation of students' worksheet scores

Student worksheet scores at each learning stages Quantity Value
Project learning stages
1 2 3 4 5 6
21 6 3 15 6 30 81 100
19 5 2 12 5 25 68 84
20 5 3 15 5 18 66 81,4
19 4 2 13 4 23 65 80,2
19 4 3 12 5 23 66 81,4
77 18 10 52 19 89 265 340,2
91.66 75.00 83.33 86.66 79.16  74.16 81.8 81.75

Excellent  Good Excellent Excellent Good Good Excellent Excellent
Standard Deviation

2.06 8.3 16.6 8.16 7.21 8.62 8.51

Based on Table 1, the average percentage of students' worksheet scores is 81.75
in the very good category. This shows that students' activities in working on project-based
learning worksheets are very well done. Based on the calculation results, the standard
deviation from the total score of each group of students was £8.51. This value indicates
the degree of variation or deviation of each group's score against the average overall score,
which is 81.75. In other words, the average difference in the score of each group from the
average score is about 8.51 points. This standard deviation is relatively low on a 0-100
rating scale, which means that the scores between groups are relatively consistent and do
not deviate significantly from each other. This indicates that the implementation of
activities using project-based worksheets has succeeded in providing even learning
outcomes. Although there was a slight difference in scores between groups, such as the
group with the highest score of 93 and the lowest score of 81, the difference was still within
reasonable limits. Therefore, it can be concluded that the learning activities carried out
have run effectively and are able to have a relatively balanced positive impact on all groups
of students (Sugiyono, 2021).

Analysis of Improving Environmental Literacy of Students

Students' environmental literacy skills are obtained from pretest and posttest
questions. The pretest questions are done by students before the implementation of the
worksheet, while the posttest questions are done after the implementation of the
worksheet. The environmental literacy ability test for students consists of 15 multiple-
choice questions. According to NAAEE (2011), this test refers to the aspect of
environmental literacy which has three aspects, namely: 1) ecological knowledge, 2)
cognitive skills, 3) responsible actions towards the environment. The average N-Gain value
for each aspect can be seen in Table 2.
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Table 2. N-Gain value of environmental literacy of students

Environmental literacy N-Gain
aspects Average Interpretation
High Mid Low
Environmental knowledge -0.21 -0.01 -0.22 -0.15 Low
Environmental context 0.64 0.58 0.45 0.64 Medium
Action on the 0.49 0.72 0.33 0.42 Medium

Environment

Average 0.3 0.34 0.27 0.31 Medium

Based on Table 2, the average N-Gain value for each indicator is 0.31, which falls
into the medium category. These findings show that the use of project-based worksheets
through the manufacture of LOF with the addition of rabbit urine makes a positive
contribution to improving students' environmental literacy. However, this increase has not
yet reached the high category, likely due to the research design used, i.e. a single-group
experiment without a control group. This is in line with the findings, which show an increase
in students' understanding in the medium category. This improvement was achieved
through a single-group experimental design without a control group, thus limiting the
ability to directly attribute the improvement to the given intervention (Wee et al., 2015).

The highest average N-Gain value was obtained in the second aspect, namely
cognitive skills in analyzing the causes of environmental problems of 0.64. This
achievement shows that the designed project-based learning activities successfully
improve students' applied cognitive skills in a real-world context. The results obtained are
in accordance with the research according to that knowledge about a balanced environment
can influence a person's attitude and behavior (Kristyowati & Purwanto, 2019; Putra et al.,
2024). Meanwhile, the lowest average N-Gain was found in the first aspect, namely
ecological knowledge with a value of -0.15. This low achievement suggests that although
the learning approaches used can improve learners' knowledge and skills, these non-
conformities require more in-depth and sustained interventions. Low N-Gain values in the
knowledge aspect often occur because project-based learning models often have several
obstacles, one of which is the different levels of active involvement of students so that
there is a potential for differences in understanding of the material in the project carried
out by students (Aritonang et al., 2024).

N-Gain average score results Each environmental literacy indicator indicates that
maximum test results are not always obtained by the high-achievement group. Likewise,
the low-achieving group does not always get the minimum test results. This shows that
the research conducted can help students in each achievement group to improve their
environmental literacy skills. Average value of N-Gain Based on Table 2, the environmental
literacy aspect is 0.31, which is included in the moderate interpretation. This shows that
there has been a significant improvement in students' environmental literacy skills.

The results of environmental literacy research that are still in the medium category
are relevant to the results of the research, which states that the level of environmental
literacy of students is in the medium category. This is due to the use of new teaching
models, methods, and materials that require adaptation to produce good learning.
Meanwhile, according to , the factors that cause less-than-optimal learning outcomes are
caused by the condition of students, the way teachers apply the learning model in the
classroom, the selection of learning models, and the teacher's lack of ability. Based on this,
to improve students' environmental literacy, it is necessary to develop and adjust learning

970 | Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 14(3), 960-975, (2026)



to have a positive effect on the environmental literacy aspect of students (Uyun & Suhartini,
2024) (Rohsulina et al., 2026). Meanwhile, the aspect of attitude of caring for the
environment is measured through different instruments, namely in the form of a
questionnaire containing 15 case statements that measure 3 dimensions of attitude,
namely affective which is a dimension of feelings that refers to concern and empathy for
the conditions of the surrounding environment, then the cognitive dimension, namely a
person's understanding and awareness of environmental issues such as the impact of
environmental pollution to understanding how to manage waste properly and conative
dimensions (Marusi¢ & Milica, 2020). The real embodiment or action of the affective and
cognitive dimensions, for example related to daily habits related to the environment
(Martiana et al., 2025). Each statement has 4 attitude response options in the form of
multiple choices. The acquisition of the overall attitude value of the students can be seen
in Table 3.

Table 3. Acquisition of attitude values

Attitude dimension Value (%) Interpretation
Affective 70 Pretty Good
Cognitive 60 Not Good
Conatif 40 Not Good
Average 58.3 Not Good

Based on Table 3, the average score of environmental care is 58.3, which is included
in the range of poor categories. The assessment of the score of environmental care
attitudes refers to the National Environmental Literacy Assessment (NELA) (2008), the
affective dimension obtained the largest percentage of 70% which was included in the
category of quite good then cognitive of 60% included in the category of poor and conative
of 40% of the category of poor Overall, the average value of the attitude of caring for the
environment of students was at a value of 58.3 which was included in the category of poor.
The assessment of environmental care attitudes through PjBL can be low due to several
factors such as the design and implementation of PjBL that is not optimal, structural
barriers and student contexts such as diverse learning needs, workload, unsupportive
school environment, then inadequate teacher roles and scaffolding, cultural/external such
as social norms, community support, and access to direct experience with the environment,
and the distance between attitudes and real behaviors that are not always in harmony, so
that an increase in attitudes is not automatically followed by an increase in behavior
measured as caring for the environment (Lopez & Palacios, 2024).

Conclusion

Data analysis revealed that students' activities in project-based learning achieved an
assessment of 81.75 in the very good category. The increase in students' environmental
literacy in the aspect of environmental knowledge averaged -0.15, in the aspect of context
towards the environment 0.64, and in the aspect of action towards the environment 0.42
so that an average N-Gain value of 0.31 was obtained in the medium category. The results
obtained an average attitude score of 58.3 in the middle poor. Overall, it shows that the
use of project-based worksheets utilizing rabbit urine in the manufacture of LOF effectively
improves students' environmental literacy.
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