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Abstract: Students' environmental knowledge and sustainability awareness are important
competencies to prepare them to face global environmental challenges. The study aimed to
evaluate the gender difference and correlation between students’ environmental knowledge,
sustainability awareness, and sustainability practice frequency after Education for Sustainable
Development (ESD) in Biology lesson. This study uses a quantitative research design with a one-
group pretest posttest design using cognitive tests and a self-administered survey. The participants
were year X students inone of the schools in Indonesia, during 2022/2023 academic year, including
114 students (M=54, F=60). The result found that although Indonesian high school students
generally have high overall environmental knowledge students have low knowledge of global
warming. Students have a high sustainability awareness and a high average frequency of practicing
sustainability. Secondly, this research found that gender differences exist where female has
significantly higher environmental knowledge than male students. Female students also have higher
consciousness in all specific domains of sustainability, and they have statistically higher
sustainability behavior than males. Environmental knowledge has a statistically moderately positive
correlation with the frequency of sustainability practices. Environmental knowledge has a weak
correlation with sustainability awareness. The frequency of sustainability practices has low
correlation with sustainability awareness.

Keywords: Education for Sustainable Development (ESD); environmental knowledge; gender
difference; Indonesian high school; sustainability awareness

Introduction

Environmental issues such as pollutionin urban areas, climate change, domestic waste problems, and
the energy crisis concern humans and the environment (Christensen & Knezek, 2015; Whitburn et al.,
2019). Indonesia also has high environmental pollution, especially in urban areas. The annual landfil
rate in Indonesia is 64 million tons, dominated by 60% organicwaste, 14% plastic, and 9% paper. The
main contributing factor is the lifestyle of people less concerned about environmental sustainability
caused by low environmental knowledge and awareness of sustainability (Salehi et al., 2015; Tobleret
al., 2012). Environmental knowledge is an indicator of environmental literacy, which refers to the
comprehensive quality of knowledge that people have about the environment or an individual's
understanding ofthe aspects that build the environmentand the principles that occurin itin maintaining
environmental quality (McBride et al., 2013; Gheith, 2019). Students who are environmentally
knowledgeable willhave knowledgerelated to facts, concepts, or relationships regarding the surrounding
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environmentand its ecosystem. Environmental knowledge can also be seen in more general terms, such
as awareness about the use of environmentally friendly products, or in more specific terms, such as
issues related to recycling or carbon programs. Environmental knowledge is an indicator of
environmental literacy in the cognitive aspect. environmental literacy indicators consist of ecological
knowledge, cognitive skills, environmental consciousness attitudes, and environmentally responsible
behavior which can significantly influence environmental attitudes and behavior (Negev et al., 2008).
Environmental knowledge in this study is related to biology, such as global warming, climate change,
environmental pollution, waste management, and renewable energy.

On the other hand, students who have sustainability awareness have experience or awareness of
sustainability phenomena (Raymundo et al., 2019). This includes the experiences and perceptions we
usually associate with ourselves, such as beliefs, feelings, and actions. The dimension of sustainability
consciousness includes knowingness, attitudes, behavior, in three dimensions (economy, social,
environment) (Gericke et al., 2019). Sustainability practices are practices to implementsustainability in
everyday life (Velazquezet al., 2006). Many sustainability practices can be implemented by students in
school or at home as real actions for students to implement and realize the goals of SGDs in daily life
(Mahat et al., 2017). The SDGs that become the focus of this research are SDG6 (Clean Water and
Sanitation), SDG7 (Affordable and Clean Energy), SDG13 (Climate Action),and SDG15 (Life on Land).
Increasing students’ environmental knowledge and sustainability awareness, and practice can be
improved in schools through the Education for Sustainable Development (ESD) (Setyowati et al., 2022).
ESD is an education program to create a sustainable future in realizing Sustainable Development Goals
(SDGs) by cultivating knowledge, attitudes, and values relevantto economic, social,and environmental
(Fraisl etal., 2020; Kroll et al., 2019). Schools and universities are importantin teaching students about
sustainability (Kioupi & Voulvoulis, 2019). Several studies support the importance of environmental
education in schools in developing students' sustainability awareness (Brick & Lewis, 2016; Carmi et al.,
2015; Prati etal., 2017).

The implementation of ESD in Indonesia, especially in the context of secondary schools, is still limited
compared to the implementation in developed countries. Two countries that have had an outstanding
performance in implementing ESD in secondary schools are Japan and Sweden (Fredriksson et al.,
2020). Meanwhile, the implementation of ESD in Indonesia is still limited and only focuses on and
emphasizes content rather than taking real action to preserve the environment (Eliyawati et al., 2022).
Therefore, further research on ESD implementation is needed inIndonesia. This research was conducted
in one of the schools in Jakarta Province. Jakarta was chosen because one of the provinces with an
alarming pollution level and ranks 4th as the most polluted city. However, the material presented in the
Merdeka curriculum shows that sustainable developmentis minimal because it only contains basic
material without a project for real action (Eliyawati et al., 2022).

The Ministry of Education of Indonesia implements the Merdeka curriculum that includes the SDGs as
the goal of learning outcomes of Natural Sciences in grade X of Secondary School. According to the
written curriculum, at the end of phase E, students must have the ability to be responsive to global issues
and play an active role in problem-solving related to alternative energy, global warming, environmental
pollution, utilization of waste and natural materials. These efforts are directed to achieve sustainable
developmentgoals (SDGs). This research is significantfor research, practice, policy, and social action.
Theoretically, this research can be used as a reference for further research on developing ESD programs
in Biology education considering the role of genderin influencing students’ awareness of sustainability.
Also, the result of this study can be used as a reference for the role of environmental knowledge as a
predictor of sustainability awareness and practice. This research practically contributes to teachers and
schools. Forteachers and schools, this research can be used as a reference for designing ESD programs
considering gender differences. For social action, this research can be used as a reference for real action
activities on individual or group projects in preventing environmental damage implemented in schoals,
for example, by providing opportunities for students to be directly involved in both practical activities and
direct experience.

There are some gapsin the existed literature. Most ESD research was conducted in developed counties
such as the USA, Germany, Norway, and Japan (Miller et al., 2021). Limited research is conducted in
developing countries such as Indonesia and South EastAsia. Meanwhile, cultural differences between
students from emerging and developed nations due to external variables (educational curriculum, culture,
environmental systems, and services in each country) affect students' environmental practices and
behavior. In addition, most of the current research is conducted at the university level (Al-Nagbi &
Alshannag, 2018; Janmaimool & Khajohnmanee, 2019). Therefore, further research needs to focus on
ESD at the senior high school level in developing countries such as Indonesia. Although Level of
sustainability awareness research has been conducted in Indonesia, most are in the Physics context
(Ridwanetal., 2021). Therefore, comprehensive research should be conducted in the biology education
context, especially on the topics of global warming and environmental pollution. In addition, pro-
environmental attitudes are also influenced by many complex factors such as level of education, age,
and gender (Bronfman et al., 2015). However, the conclusions of several researchers about the
relationship between gender and students' environmental knowledge, behavior, and practices are still
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limited and inconsistentin the literature. In addition, there is limited research in Indonesia correlating
students' environmental knowledge, sustainability awareness, and sustainability practices. Meanwhile,
investigating factors that can predict the sustainability factors is important. According to the gaps in the
literature, this article aims to evaluate the gender difference and correlation between Indonesian high
school students’ environmental knowledge, sustainability awareness, and practice after ESD in Biology
lesson.

Method

Research design

This study uses quantitative research using cognitive tests and self-administered surveys. The research
design used in this study is a one-group pretest posttest design. The dependent variable is measured
before and after the treatment of ESD-based learning is implemented in Biology lessons. The final test
of environmental knowledge and questionnaire to measure students' sustainability aw areness was given
after the treatment. The cognitive test of environmental knowledge uses multiple -choice test questions
to determine the score of environmental knowledge. The survey was conducted to determine the
sustainability consciousness and practice.

Participants, location, and time

The participantsin this study were all grade X students of SMA Global Mandiri Jakarta in the 2022/2023
academicyear. Grade 10 was chosen because it is a class that uses the new Indonesian curriculum of
Merdeka. The school is chosen because based on the results of preliminary research at SMA Global
Mandiri Jakarta, only 60% of students stated that they had a caring attitude towards the environmentat
school, and only 15% of students knew aboutthe 17 SDGs agenda related to climate change, waste
management, and clean water sanitation. Although the majority of students always throw rubbish in the
trash and separate organic and inorganic waste (90%), there are still very few who reuse and recycle
plasticwaste at school (23%). Based on the results of the interviews, the school had notimplemented a
program designed to increase environmental care and sustainability awareness among students. Biology
teachers also have no projects to students to do 3R (reuse, reduce, and recycle) or concrete actionsto
prevent global warming, manage waste properly, and save water and energy at school. Based on the
results of this preliminary research, the researchers designed an Education for Sustainable Development
(ESD) program that was integrated through project (PjBL) activities in biology lessons. All students were
selected because the total number of students was only 114 from 5 classes consisting of 54 male
students (47.3%) and 60 female students (562.6%). The average age of students is 14 - 16 years. In
addition, the school is a school that applies the Sustainable Lifestyle theme in Projek Penguatan Profil
Pelajar Pancasila (P5). The time for conducting the research is in the 2022/2023 academic year, from
January 2023 to March 2023.

Research procedure

The research implementation was divided into 3 stages, including the initial stage, the implementation
stage, and the final stage. Firstly. In the early stages, researcher prepared students’ learning material,
such as Teaching Modules and research instruments. Instrument validation was also conducted to test
the validity and reliability of the instrument. In addition, ethical approval was obtained from the Human
Research Ethics of Universitas Pendidikan Indonesia, ensuring that the research follows the prin ciples
of research ethics. Potential participants are also provided with information implicitly regarding the
research. Secondly, the researcher delivers the integrated biology lesson with ESD atthe implementation
stage by providing a learning module. Biology lesson was conducted for 3 hours oflessons or equivalent
to 3 X 45 minutes each week. In the first week, students were given the material on environmental
change, which included global warming and climate change. In the second and third weeks, students are
given the material on ecosystem and water pollution. While atthe fourth meeting, the material presented
was about 3R waste management. In this meeting, teachers inform students about sustainability
practices. Students are given worksheets to record how often they do 20 sustainable lifestyle practices
daily for 3 weeks to know the average frequency.

During week 3, students were also informed aboutindividual and group projects. The group projectis to
create fashion designs from inorganic waste materials. In addition, students are invited to take two real
actions on sustainability in the fourth week, including the tree planting program (a tree planting program
as an effort to preventglobal warming) and take real action by making a video campaign on social media
related to sustainability. Group and individual projects are carried outin the fifth to eighth weeks. Videos
that students have made are uploaded to Instagram. All students must watch all the sustainability
campaign videos made by other students on Instagram. The topics of the campaign are Stop
Deforestation and lllegal Logging to prevent Global Warming, Reducing energy consumption athome to
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protect the environment, Reducing water consumption for water sustainability, Using Public Transport
and reduce the private vehicle to reduce fossil Fuel Emission, Sustainable Lifestyle by Save Electricity
and Energy efficiency, Tree Planting and Gardening as an effort to stop Climate Change, Using
Environmentally Friendly Product, and Waste Bank to Support Indonesia Clean-from-Waste.

The final phase was including reflection oflearning, and the Assessmentthat was conducted at the 8th-
week meeting. The researcher conducted a posttest at this meeting to determine the students'
environmental knowledge. The students are given 90 minutes to answer 20 questions of environmental
knowledge by pencil and papertest. In addition, researchers also collected survey data on sustainability
awareness and sustainability practices after the test. The students complete the surveys online using a
Google form. Google Forms is used because itis an easy platform for data collection and data analysis.
They could only choose one response for each item. Forty minutes are given to students to complete the
survey. After that, in the final stage, the researcher analyzes the data, draws conclusions, and make a
research report. The flowchart of research steps is shown in Figure 1.

-
= N
Stage 1: el Stage 2: Implementation S Stage 3
Initial Phase ~ of ESD-PjBL - Final Phase
I I ~
: ’ 1 A g |
Research Questions Literature Review Learning » Cami Post test and
S paign of 1 A
1 environmental sustalnabllity i Data Collection Survey
1 topics
\ J _
+ i '
Developing « Creating Project : 1 e ~ e B\
Instrument
Module
1 Project creating Eco Doing Sustainability l Asms-_nant of Re:lel:ti;m of
1 fashion Design Practice 1 Project earning
‘ 1 U : — —
I 1 s ~ 4 i
T Pretest I Tree Planting Making Compost 1
Instrument [] Program I Data Analysis Research Report
: 1 -_— ) _—
1 1

Figure 1. The flowchart of research procedure

Research instruments

The instrument used to measure students' environmental knowledge was initially developed by
researchers, including 24 multiple-choice questions. The environmental knowledge test instruments
include four sustainability topics (Knowledge of Global warming and Climate Change, Knowledge of 3R
Waste Management, Water Pollution, and Knowledge of Renewable Energy). The questions developed
are then tested first to determine the validity and reliability of the instrument. According to the validity of
the items, only 20 valid questions are remaining thatare used in the post-test, where each topic consists
of 5 questions. The results of the reliability = 0.57 which is reliable.

The instrument to measure student sustainability awareness data is a survey instrument adapted from
the previous research (Gericke et al., 2019) originally used the term sustainability consciousness. The
instrumentwas translated into Bahasa Indonesia. The instrument contains 27 statement items which are
divided into 3 indicators, including Knowingness (K), Attitude (A), and Behavior (B), and three
dimensions, namely environmental, social, and economy. The questionnaire instrument uses 4 points
Likert scale, including strongly agree, agree, disagree, and strongly disagree. The result of confirmatory
factor analyses shows a good fit with Root mean square error of approximation (RMSEA)= 0.052;
Comparative fitindex (CFI)=0.867; Tucker-Lewis Index (TLI) =0.850). The sustainability awareness test
instrument was retested by the researcher for the validity and reliability of the items. Based on the
validation results, all items are valid with a significance value of all items > 0.5 and a reliability value of
0.887, which is satisfactory.

The research instrument for the Sustainability Practice Questionnaire was developed by researchers
(Setiawan et al., 2023). The questionnaire consisting of four constructs, namely Global Warming Action
(GWA), 3R Waste Practice (RWP), Water Consumption (WC), and Energy Consumption (EC). The
frequency scale uses a five-pointscale from 1 to 5 (Never, Rarely, Sometimes, Often, and Always). The
factor loading of all items is higher than 0.5, meaning that the variables are relevant in explaining a
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construct. Bartlett's test of sphericity was significant (p<0.001), and the Kaiser-Meyer-Olkin (KMO)
measure of sample adequacy was 0.665, indicating thatthe data were suitable for factor analysis. Valid
and reliable SPF instrument results were then used for the survey.

Data analysis

Descriptive statistics are used in this study to describe the level of environmental knowledge level,
sustainability consciousness, and sustainability practices based on gender. For the sustainability
awareness and student perception questionnaires, each statement item has four alternative answers
with a score for each item between 1-4,including: strongly agree (4), agree (3), disagree (2), and strongly
disagree (1). As for the frequency of sustainability practice, there are five alternatives for each statement
item, including always (5), often (4), sometimes (3), rarely (2), and never (1). The level of knowledge of
studentsis categorized into two categories, low category (Average Score <2) and high category (Average
Score >2) for each topic (Knowledge of Global warming and Climate Change, Knowledge of 3R Waste
Management, Knowledge of Water Pollution, and Knowledge of Renewable Energy). The sustainability
Awareness Score is categorized into two categories, including low (Average Score <2.90) and high
(Average Score 22.90). Sustainability Practice Frequency is categorized into 3 categories including Low
(Average Score <2.40), Medium (Average Score between 2.4 and 3.40), and High (Average Score =
3.40). The data is then arranged in tabulations and bar charts in Microsoft Excell. Descriptive statistics
also present average, percentage, and standard deviation data

Then, the t-test is used to test whether environmental knowledge, sustainability awareness, and
sustainability practices are statistically different according to gender.. Second, the Pearson correlation
check is used to analyze whether there is a correlation between Gender. Correlation analysis is
presented in the scatterplot. Pearson'sr, p-value, and effect size are importantfor determining correlation
(Bryman, 2016). Spearman's rank correlation coefficient(r) was calculated using Microsoft Excel to see
alineartrend. It is presented in a scatter plot graph to see the trends (Setiawan & Phillipson, 2020). The
direction of the correlation can be positive, negative, or no correlation (Mertens, 2016). The p-value
indicates whether the relationship found in the correlation coefficientis statistically significant. When p <
0.05, the relationship is statistically significant.

Results and Discussion

Students’ environmental knowledge and sustainability awareness
during ESD-PjBL

The first aim of this research is to analyze the influence of ESD to students’ environmental knowledge.
Environmental knowledge in this research is students' understanding of four environmental subtopics,
including global warming, environmental pollution, waste management, and ecosystem. The learning
objective is that students are able to analyze data including the causes and impacts of environmental
change and environmental pollution in the daily life. The level of environmental knowledge that students
have caninfluence them to make appropriate environmental choices and actmore responsibly towards
the environment. The environmental concepts include 20 questions consisting of five questions each on
the topics of global warming, environmental pollution, waste management, and ecosystems. The results
of the hypothesis test show a significance figure of <0.05, which means thatthere is a significantaverage
increase between the results of the pretest and posttest scores for students' environmental knowledge.
The average pretestscore is 42.22,and the average posttestscore is 80.56. The average posttestscore
is higherthan the pretest score which shows an increase in the average environmental knowledge after
the ESD-PjBL implementation.

Overall, the results of the students' environmental knowledge showed an increase from pretest to
posttest with N-Gain of 0.66, or in the medium category. It means that the implementation of ESD-PJBL
in biology lesson is considered quite effective in increasing students' environmental knowledge. The
highestN-gain value isin students'knowledge of ecosystem material, with an N-gain of 0.80. Meanwhile,
the lowest N-Gain is in the topic of global warming, with an N-Gain of 0.62. The pretest and posttest
graphs for students' environmental knowledge are presented in Figure 2. The highest average pretest
and posttest scores were in the knowledge of ecosystem, with an average pretest score of 55 and a
posttest score of 91. Meanwhile, the lowest average score was in knowledge of global warming, with an
average pretest score of 31 and a posttest score of 74. Therefore, the implementation of ESD-PjBL can
increase the average score of high school students’ environmental knowledge.

This research also aimsto determine the effectof ESD-PjBL in biology lessons on high school students'
sustainability awareness. The result shows that students' sustainability awareness scores showed an
increase after the integration of ESD-PjBL. An increase in students' overall sustainability awareness
score was 4.88. The score of the pretest was high, with an average score above 75. This means that
students have a high level of understanding of sustainable developmentissues. The increase in average
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differences was due to the learning process, which was related to environmental problems. The
sustainability awareness measured in students in this research consists of three aspects, including
sustainability knowingness, sustainability attitude, and sustainability behavior. However, based on the
results of the hypothesistest, it shows a significance figure greater than 0.05, which means that there is
no significantdifference orincrease in the average between the results of the initial score and the final
score of students' sustainability awareness. The highest N-gain value is in the knowledge aspect
(sustainability knowingness), with an N-gain of 0.31. Meanwhile, the lowestN-Gain is behavioral aspect
(sustainability behavior), with an N-Gain of 0.18. The difference in average sustainability awareness
scores can be seen in Figure 3. Overall, the initial score to the final score of students' sustainability
awareness show an increase with N-Gain of 0.23 or low category. Therefore, ESD-PJBL in biology
learning can increase students' sustainability awareness, even though the increase is not significant. In
addition, most students (88.6%) had high awareness after participating in the ESD program.
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After the implementation of ESD, Indonesian senior high school students' average scores of
environmental biology topics were generally high in ecosystem, waste management, water pollution
although most of the students had low average knowledge of global warming. This result means that
Indonesian students perceive that those three topics are easier than global warming. The result of this
research is supported by previous research using Diagnostic tests found that 51.7% of Indonesian
students have a misconception aboutglobal warming, the greenhouse effect, and ozone layer depletion,
whereas 37.7% of students believe they comprehend the concept and 11% have a mistake. Similar
results were also found in other countries, such as Iran (Yazdanparast et al., 2013), and Malaysia
(Karpudewan etal.,2015). Misconceptions arise due to knowledge obtained by students from erroneous
source (Arslan et al., 2012). Based on the findings, we recommend that process-based learning should
be used to provide learning that prioritizes the process so that the information can be accepted by
students. The high average score of environmental knowledgeis also due to the lesson module creating
by the teachers which is shown in Figure 4.

Secondly, Indonesian students also have a high perceived level of sustainability awareness, including
sustainability knowingness, attitude, and behavior after implementing the ESD program. Sustainability
includes three main aspects: economy, environment, and society. That is, developmentis only
sustainable if it has adequately addressed issues related to economic feasibility, social justice, and
environmental impacts (Agbedahin, 2019; Winkler et al., 2019). This research differs from similar
research in the UK, where many UK students have a low frequency of saving electricity and recycling
paper, possibly indicating thatyoung people in the UK feel disempowered regardingthisissue. The high
consciousness and high average frequency of practicing sustainability of Indonesian students is also
because, at the same time, the Indonesian curriculum implements Projek Penguatan Profil Pelajar
Pancasila (P5) with one of the themes s Sustainable lifestyle thatis implemented in the high school for
approximately four monthsin Semestertwo. Therefore, the ESD is integrated into Biology lessons in this
research and is supported by the program with the same mission to cultivate a sustainable lifestyle
among Students. Several studies in other countries supported the importance of environmental
education in schools in developing environmental care attitudes toward students (Brick & Lewis, 2016;
Carmi et al., 2015; Janmaimool & Khajohnmanee, 2019). School programs and school policies affect
students who are in schools thatimplement environmental policies (Duarte etal., 2017).

@ LKPD TERINTECRASI ESD & PJBL
BIOLOGI LINCKUNGAN

LKPD

TERINTEGRAS! ESD & PdBL

BIOLOG! LINGKUNGAN
Desaign a plan
for the project

Brolog
LKPD Demen Pemaharan  : Perubahen Linghungen

Mates Pencesmeran Linghungen & Pengelolasn Limbeh

x

TERINTEGRASI s o Setaan, MES
EDUCATION FOR SUSTAINABLE

Penilaian

Jenis Sampah

RSO CAPAIAN PEMBELAJARAN 1 :'
DLLEMD?{'IE.‘I‘ (ESD) & + Pada akhir fase E, peserta didik memiliki kamampusn menciptakan solusi atas v
PROJECT-BASED LEARNING (P4BL) pérmaasifin permassiuban berdasariat i okl S gkiod fhr pesanamirigh ix
Tontang Reanskaragirman makiiek D dan pirameneys, VrUe dun peramaneye
Penacogan Biodolenig, Nomponan: shvaistar dan tatrskl astar Bomsgomte Sarte
BIOLOGI LINGKUNGAN oo i
TUJUAN PEMBELAJARAN

« Mengaralisis data, penyebob maupun dampak perubahan linghungan dan
opat.

TR
' -

y W

PETUNJUK PENCCUNAAN LKPD
« Heilah kleniitas LKPD dengan bonar |
. ash sumber bolajar yany LKPD guna menjawab
IPA BIOLOGI pertanyaan pertanyaan !
KELAS X . ke |
SMA GLOBAL MANDIRI « Perhatikan Insuuks) yang ciberikan dan lskukan kegia(an sesusl dengan yang
amntat
JAKARTA - Mintalah bantuan guru apebila terdapat kesuldan atau ketdahjensan pada instruks:
2023 dan pertanyaan paca LKPD t

Kumpatican pekerjaan sesual waktu yang teish disepakal!

Figure 4. The design of learning module of Environmental biology integrated ESD -PjBL

0 SMA GLOBAL MANDIRT JAKARTA

~E3 0

The high level of students' sustainability awareness of this research contradicts some literature arguing
that students living in the city tend to have lower awareness than studentsliving in the village (Mahatet
al., 2017). This condition is due to the higher exposure to the environment experienced by students in
this research in a private school, mostly living in Jakarta Garden City that practices sustainableand green
housing. For example, the housing has many plants, good access to public transportation such as the
MRT or Commuter line,good managementof waste, and water sanitation. Therefore, the environment
of students may contribute to the practice of sustainability in their daily life as well. The low level of some
itemsin sustainability practice of students is that some practices of Sustainability are quite challenging
to implementin daily life, such as informing other people of the effect of global warming and avoiding
using plastic bags. Similar research in Indonesia supported that discussing sustainability and com posting
organic waste are quite difficult to implement for students (Ridwan etal., 2021).
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Gender difference in students’ environmental knowledge, level of
sustainability awareness, and sustainability practice frequency

According to Table 1, Female students has statistically significantly higher environmental knowledge
than male students (p<0.05) related to Ecosystem. The female also has a higher knowledge of global
warming and pollution, but it is not statistically significant. In contrast, male students have statistically
significantly higher knowledge of waste management than female students (p<0.05).

Table 1. Students’ environmental knowledge according to gender

Environmental Gender Mean SD t-valt_Je and level of
Knowledge significance
Knowl_edge of Global Male (N=54) 69 1.02 0.16
Warming Female (N=60) 70 0.87 '
Knowledge of Ecosystem !Iearlr?a(lzl (31)60) g; 8;; 240*
Knowledge of Water Male (N=54) 77 1.12 187
Pollution Female (N=60) 87 1.30 '
Knowledge of Waste Male (N=54) 82 1.02 262 *
Management Female (N=60) 73 1.00 '

* Significance at p<0.05

According to Table 2, we found that both male and female students have a high category of sustainability
consciousness in all domains with the average mean above 75. Generally, female students rated higher
on all aspects of Sustainability consciousness and in all specific domains of sustainability, including
environmental, social, and economic factors. The results in Table 3 show that there were gender
differences in the scales of sustainability behavior. The female has a statistically significantly higher level
of sustainability behavior than the male (p<0.05). In addition, they also have a higher level of
knowingness, and attitudes than male students, although the difference is not statistically significant.

Table 2. Students’ level of sustainability awareness according to gender
Sustainability Awareness

t-value and level of

Domain Gender Mean SD significance
Sustainability Knowingness Male (N=54) 87 050 0.96
Female (N=60) 91 0.36
o ) Male (N=54) 83 0.40
Sustainability Attitudes Female (N=60) 85 0.39 113
Sustainability Behavior Male (N=54) 81 0.43
Female (N=60) 85 0.48 1.75*

* Significance at p<0.05

This study also analyze gender difference on students’ sustainability practice in the daily life (Table 3).
Based on gender, female students rated higher average frequency on sustainability practice in two
aspects, including 3R waste practice and energy consumption. For example, females are more often
than male students to reuse water bottles and food containers, bring their bags for shopping at the
market, turn off the bedroom light when notin use, and turn off the TV that is not watchinganymore.In
contrast, although the difference is not statistically significant, male students have a higher average
frequency of sustainability practice in the other two aspects, including global warming action and water
consumption. For instance, male students are generally more frequently in using public transportation to
travel, using bicycles to go around, conserving water when washing, speeding up the shower time.
This study discovered that female students have a greater environmental understanding than male
students regarding ecosystem, global warming, and water pollution. Male students, on the other hand,
have a statistically much greater understanding of waste managementand its applications than female
students. This study's result differs from a study in the USA, where women convey greater scientific
knowledge of climate change than men (McCright, 2010). Therefore, the result of this research
contradicts existing sociology of science research that women underestimate their climate change
knowledge more than men. Previous research supported that male student, especially those studying
Engineering, Social and Human Sciences, have higher levels of environmental understanding (Pago &
Lavrador, 2017).

378



AN
{'ﬂ Nt \J P B I Setiawan et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 9 Issue 3, 2023, 371-386
\ /
\\ -7-/

Table 3. Sustainability practice frequency of students according to gender

t-value and level of

Domain Gender Mean SD S
significance

Global Warming Action Male (N=54) 48 0.70 0.22
Female (N=60) 47 0.62
. Male (N=54) 68 073

3R Waste Practice Female (N=60) 71 0.62 0.37*
Water ; Male (N=54) 70 0.92

ateronsumption Female (N=60) 69 0.80 0.23
. Male (N=54) 80 0.90

Energy Consumption Female (N=60) 83 0.70 0.06

* Significance at p<0.05

Female students evaluated greater average frequency on sustainability practice in two categories, 3R
waste practice, and energy use, based on gender. Some literature supported the result of this research
that women tend to be more environmentally oriented than men significantly (Xiao & McCright, 2015).
Female students appear more conscious of sustainability (Pago & Lavrador, 2017). Women show
stronger pro-environmental attitudes and behavior than menand a higher level of socialization and social
responsibility. In addition, other studies have shown that women reportmore pro-environmental actions
when asked about everyday behaviors such as energy conservation, recycling, water conservation, and
transportation use (Carleton-Hug & Hug, 2010). Women are more active only in one particular domain
of pro-environmental action related to consumer behavior (buying organic products, reducing vehicle
use, sorting out recycling) in the private sphere, but not in other spaces related to the public,the scope
(environmentalgroup membershipand signing of petitions, for example, are considered to be more male-
dominated). Within this framework, women are directed to roles that encourage them to be more
compassionate, empathetic, and cooperative than men, thus, more protective of nature. However, men
emphasize the role of economic providers and market activities, encouraging men to be more masterful,
rational, and competitive than women and, therefore, closer to anti-environmental attitudes (Hunter et
al., 2004; Tobler et al., 2012).

This research also found that male students had a greater average frequency of sustainability practice
in the other two areas, whichinclude global warming action and water usage. Some literature supports
that males may have a higher level of sustainability consciousness depending on the aspects. Men's
environmental attitudes are higherthan women's, so men tend to be more sensitive to programs thattry
to change their behavior (Vicente-Molina etal.,2013). The gender differences found here only affectthe
use of publictransport, which is more likely to be used by male studentsin this research. Notably, some
itemsthey are not following the same pattern. Forexample, for global warming action, females are more
often to take care of the plants at home (planting or watering plants) and inform others to be aware of
the negative impacts of global warming. Males often avoid using single-use plastics such as plastic
straws and styrofoam in 3R waste practice. The similar level of sustainability awareness between males
and females in some items because students have the same perception. Therefore, the stereotyped
genderrole of women does notfully functionfor everyday pro-environmental actions thatare traditionally
considered within the scope of domestic work and are usually associated with women (Xiao & McCright,
2015).

The ic)iea that women are “closer to nature”, caring forthe land, water, forests, and other aspects of the
environment, has held strong way in developmenttheory since the 1980s, drawing on a range of
ecofeminist analyses, from feminine principles to ecospiritualist orientations. Feminism is the ultimate
solution to the world's ecological and social problems. Environmental justice is gendered because
women suffer the most from poverty, human rights violations, and environmental destruction. Climate
change disproportionately affects womendue to the combined feminization of poverty and environmental
degradation caused by climate change, while their adaptive capacity is limited by the exclusion of their
needs and perspectives from climate change (Sakellari & Skanavis, 2013). This is also supported by
Future models of environmentalism will include gender as a relevant predictor of environmentalism.

The correlation between students’ environmental knowledge, level of

sustainability awareness, and sustainability practice frequency

This research analyzes the correlation between the variable’s environmental knowledge, sustainability
awareness, and frequency of students' sustainability practices during the implementation of ESD -PjBL
in biology learning. All correlated variable scores, including environmental knowledge, sustainability
awareness, and sustainability practices, are converted to a scale of 100. Correlation analysisis usedto
determine whether there is a linear relationship between two variables shown in the correlation
coefficient. The correlation coefficientis a value that shows the strength or weakness of the linear
relationship between two variables. The correlation coefficient is usually denoted by the letter r, where
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the value of r can vary from -1 to +1. The results of the regression analysis are presented in a scatter
plot graph. A scatter plotis a distribution of points based on the values of variables X and Y. From the
scatter plot display, it can be seen whether there is a tendency for a linear relationship between the two
variables. The coefficient of determination, or R squared, means the contribution of influence given by
the independentvariable (X) to the dependentvariable (Y). This coefficientaimsto predictand see how
much influence variable X has on variable Y.

Meanwhile, the regression equationin thisresearch is used to predictthe value of the dependentvariable
from the independentvariable. The results of this study found that there was a positive correlation
between the three variables. As shown in Figure 5, environmental knowledge has a statistically
moderately positive correlation with the frequency of sustainability practices (r = 0.41, p<0.05). Second,
environmental knowledge has a weak correlation with sustainability awareness (r= 0.12, p> 0.05), or no
correlation (Figure 6). Third, the frequency of sustainability practices has low correlation with
sustainability awareness (r = 0.36, p < 0.05), as shown in Figure 7. The direction of correlation in this
study shows a positive correlation coefficient, meaning thatthe relationship between the two variables is
directly proportional, meaning that the increase in variable X coincides with the increase in variable Y.
In this graph, the correlation between variables has different coefficients of determination, or R squared
values. The coefficient of determination value is used to predict the contribution of variables X and Y.
First, the correlation coefficient of determination between environmental knowledge and the frequency
of sustainability practicesis 0.1652, or 16.52%. This means that the environmental knowledge variable
influences the frequency of sustainability practices by 16.52%. Meanwhile, the restis influenced by other
variables outside of these factors or other variables that are not researched. Second, the correlation
coefficientof determination between environmental knowledge and sustainability awarenessis 0.0146,
or1.46%. This meansthatthe environmental knowledge variable influences the sustainability awareness
variable by 1.46%. Meanwhile, the restis influenced by other variables outside of these factors or other
variables. Third, the correlation coefficient of determination between the frequency of sustainability
practices and sustainability awareness is 0.1296 or 12.96%. This means that the frequency of
sustainability practices influences the sustainability awareness variable by 12.96%. Meanwhile, the rest
is influenced by other variables outside of these factors or other variables. The smallerthe val ue of the
coefficient of determination, the weaker the influence of variable X on Y. On the other hand, if the R
square value is closerto 1, the influence is stronger. However, because the R square value in this study
is less than 0.5, the coefficient of determination category is in the moderate category.
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Figure 5. The correlation between students’ environmental knowledge and sustainability practice
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Figure 7. The Correlation between students’ sustainability practice and sustainability awareness

Environmental knowledge has a statistically moderate correlation with the frequency of sustainability
practices and a very weak correlation with sustainability awareness. The interpretation of the research
results generally means that if the environmental knowledge score is low, it does not necessarily mean
that students' sustainability awareness is also low, and vice versa. In other words, students who have
knowledge are notnecessarily aware of sustainability. Meanwhile, environmental knowledge is positively
correlated with sustainability practices, meaning thatwhen students' knowledge and level of awareness
of sustainability are high, they will also tend to practice it frequently in everyday life. When students
understand the concepts of global warming, climate change, water pollution, waste management, and
ecology well, their daily practices are more sustainable than those of students with a low understanding
of the concepts. Therefore, students' environmental knowledge can predictstudents' daily practices but
cannot predict students' sustainability awareness.

The resultof this study is supported by previous research. Research in the USA supported a statistically
significant correlation between knowledge and attitude. In other countries, for example, Germany,
programs that integrate agricultural activities are also carried out where children can participate in
agricultural life, such as urban gardening projects such as community gardens in abandoned urban
areas, botanical gardens, zoos, forest schools, conservation centers, and other centers. for
environmental education (Otto & Pensini, 2017). The integration of nature-based environmental
education enables the acquisition of environmental knowledge while fostering connectedness with nature
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by providing students with natural contact and experience, so that their awareness of sustainability wil
also be built during the activity process.

Students with greater knowledge levels had a higher level of environmental attitudes and environmental
behavior than students with lower knowledge scores (Zareie & Navimipour, 2016). However, other
researchin differentcountries found a weak association between knowledge and attitudes and between
knowledge and behavior (Paco & Lavrador,2017). The differentfindings can be caused by different ESD
programsimplemented for the students and different countries, so they may have a differentcurriculum
of ESD and cultures since they are conducted in different countries. In addition, the study found that
sustainability practice frequency has a statistically high correlation with Sustainability Awareness. When
students know the importance of sustainability in the environmental, social, and economic aspects, they
tend to do positive practices to take real action in reducing global warming, water pollution, and energy
consumption. The previous similar research found that School Waste Education Program in school
increased students' understanding and awareness of municipal waste, increased their pleasure in the
program, and helped them improve their waste practices athome (Grodzinska-Jurczak etal.,2003). The
presentstudy found thatstudents’ sustainability awareness predicts their sustainability practice. Although
the research connected sustainability consciousness and practice is limited in the literature, The Theory
of Planned Behavior model can explain the causal relationship between them. According to this theory,
there are three objects of environmental attitudes, as a set of valued objects, including individuals, other
people, and the biosphere, which are interpreted in social-cognitive theory. They argue that individuals
develop attitudes based on practice (Casal6 & Escario, 2016). Several studies have found that students'
environmental knowledge is correlated with their environmental attitudes and behaviors (Tang, 2018;
Marcinkowski & Reid, 2019). Students with greater levels of knowledge have higher levels of
environmental attitudes and behavior than students with lower knowledge scores (Zareie & Navimipour,
2016). However, other research in various countries found a weak relationship between knowledge and
attitudes and between knowledge and behavior (Pago & Lavrador, 2017).

Knowledge, consciousness, and practice are a collection of humanbehaviors. The Knowledge, Attitude,
Practice model asserts that a man with more knowledge influences the attitude or awareness, which
influences their practice (Ramsey & Rickson, 1976). Therefore, students’ knowledge sustainability of the
environmentcan be connected to their awareness thatwill influence behavior. The students'awareness
of sustainability occurs due to educational values and habituation to applying sustainability during the
implementation of ESD in learning, which was carried out for several weeks. This creates awareness of
sustainability because students are aware of the values of sustainability during several weeks of program
implementation. This means that value education builds student awareness. However, increasing
environmental knowledge does notmean increasing students'awareness as well. In the context of this
research, the ESD program to improve students' knowledge of global warming, water pollution, waste
management, and energy consumption can influence their awareness and practice of Sustainable
Development Goals related to SDG6 (Clean Water and Sanitation), SDG7 (Affordable and Clean
Energy), SDG13 (Climate Action),and SDG15 (Life on Land). The relationship between environmental
knowledge and sustainability behavior is quite complex, and there are many factors that influence the
relationship between students' understanding, beliefs, and actions.

This research has some implications for research, policy, and practice. For research, there are many
complexfactorsin the social context that affectstudents' environmental care attitudes. Future research
should explore the role of Environmental psychology, such as beliefs, norms, and values to predict
environmental awareness such as family, school characteristics, the peers influencing students' pro -
environmental attitudes (Prati et al., 2017). Since this research focuses on some SDG points, future
research should also investigate other topics of ESD, such as students’ sustainable consumpfion
practices. For policy, the Indonesian government, via the Ministry of Education, should redesign ESD
implementation in Senior High Schools. For example, the ESD should not only focus on theory but also
emphasize the real action by transformative learning. The teaching method that reinforces
misconceptions about global warming and climate change should be considered by biology teachers
(Karpudewan et al., 2015). The teacher should also emphasize some specific environmental biology
topics that males or females have a low understanding.

Conclusion

The application of ESD-PjBL in biology learning can increase the environmental knowledge of syudents.
Students' score of environmental knowledge during the pretestand posttestshows a significantincrease
with moderate N-gain category. The average score of students' sustainability awareness also increased
after ESD-PjBL, although it was not significant with low N-gain category. Although Indonesian high
school students generally have high overall knowledge of the environmentafter ESD implementation in
Biology lesson, they have low knowledge of global warming. After ESD implementation, students also
have a high level of sustainability awareness and a high average frequency of practicing sustainability.
However, the frequency of action to reduce global warmingisrelatively low. Secondly, when the result
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isfurther analyzed based on gender, female students have statistically significantly higher environmental
knowledge than male students (p<0.05) related to waste management. The female also has a higher
understanding of almost all chosen topics of environment. Also, female students have higher
Sustainability Consciousness in all specific domains of sustainability, includingenvironment, social, and
economic factors, and they have a statistically significant higher level of sustainability behavior than
males (p<0.05). Thirdly, this study found that there was a positive correlation between the three
variables. Environmental knowledge has a statistically moderately positive correlation with the frequency
of sustainability practices (r = 0.41, p<0.05). Environmental knowledge has a weak correlation with
sustainability awareness (r = 0.12, p> 0.05), or no correlation. The frequency of sustainability practices
has low correlation with sustainability awareness (r= 0.36, p < 0.05). The direction of correlationin this
study shows a positive correlation coefficient, meaning that the relationship between the two variables
is directly proportional.

There are some limitations of this study. The researcher measured students’ sustainability practice
frequency and awareness via self-reporting, meaning that students can under or overestimate the scale
according to their honesty during the survey. Therefore, future research can use other methods to
measure students’ awareness and practice, such as observation. Secondly, most participants are female
because females dominate most senior high school students in Indonesia. Also, the research is
conducted in only one private school in Jakarta. Therefore, further research should be conducted in
Indonesia's public schools and rural areas. Then, the quantitative research design used in this study is
aone-group pretest posttestdesign. The weaknesses of the researchdesignare thatthere are no control
group students.
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