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INTRODUCTION

Based on Statistics Indonesia (2021), plastics waste and used cardboard increased by 27-36%,
medical waste increased by 30%, and the numbers continued to increase throughout the pandemic. This
shows that humans are still doing activities that only benefit themselves regardless of nature, even if
this behavior can cause air, soil, water, sea, and other environmental pollution (Flandroy et al., 2018).
The high number of diarrhea cases in 2020 is one of the examples of damage caused by water pollution,
which reached more than seven million cases (Badan Pusat Statistik Indonesia, 2020). To reduce and
eliminate the impact of environmental problems, destructive human behavior must be changed
(Janmaimool & Denpaiboon, 2016).

Pro-environmental behavior can be defined as a deliberate action to benefit others or a desire to
sacrifice oneself for the environment's sake (Seymour et al., 2018). It includes various types of behavior
such as recycling, using public transportation, waste management, saving energy consumption, and
purchasing environmentally friendly products B. Pro-environmental behavior will be strong when
individuals have knowledge in the environmental field and show it to others, making it easier for people
to act in accordance with the goals they want to set.

Education is one of the important variables in explaining the level of attention and environmental
behavior (Zilahy & Huisingh, 2009). Education provides opportunities for students to learn and apply
environmental action skills (Hungerford, 1978) which aims to foster pro-environmental behavior. In
promoting pro-environmental behavior, schools, colleges, and training centers play an important role,
as individual behavior change can be easily fostered among the younger generation (Hooi Ting & Chin
Cheng, 2017; Massaro etal., 2018).

One of the environmental problems in Indonesia can be overcome through learning in schools
(Zajuli et al., 2019). Learning about the environment such as changes that occur in the environment,
environmental pollution, and efforts to overcome environmental problems are contained in Biology
learning about environmental change material in the 10th grade of senior high school. The role of
learning in this material is very important because it is the right time to convey knowledge about the
environment to educate an environment-friendly generation.

Based on research conducted Zajuli et al. (2019), there is no difference in pro-environmental
behavior scores between students who have received environmental material and those who have not
been taught at school. This shows that learning biology in environmental materials still has many
shortcomings and changes need to be made. Biology learning on environmental materials must be
designed in such a way that it can improve students' pro-environmental behavior because the initial
model of environmental behavior change is based on the assumption that if a person becomes more
knowledgeable about the environment and related topics, he will become more aware of the
environment and its problems. The lack of research that applies learning strategies to improve the pro-
environmental behavior of students is also the reason for the need for further research.

Project-based learning emphasizes solving problems that occur every day through hands-on
learning experiences in the community (Larmer, et al, 2015). Project Based Learning applies
experiential-based education, and based on real-life problems (Gijbels et al, 2005). Project Based
Learning can facilitate students to learn and apply action skills in pro-environmental behavior such as
behavior in social groups that focus on conservation and other environmental issues by doing
campaigns on existing environmental problems, so it is hoped that using the Project Based Learning
model will improve students' pro-environmental behavior.

Previous research Borhan & Ismail (2011) that investigates third-year chemistry major students’
attitudes and behaviors towards the environment after using the Project-based learning method,
concludes positive results where the PBL method can enhance it. Similar to Kiling (2010) study, applying
Project Based Learning had a beneficial impact on the elementary science major students’ pro-
environmental behavior. Even though university students have been the subject of numerous studies,
more research that attempts to increase student’s pro-environmental behavior through Project-based
Learning needs to be conducted, especially at younger ages.

Leeming et al. (1997) and Cheong (2005) stated in their study that learning about the
environment held with learning methods that encourage more student involvement will be more active
in improving students' environmental attitudes and conceptual understanding. Based on Kiling (2010),
learning using the Project Based Learning model can be used to change students' views about the
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environment and also make them more pro-environmental. This study aims to determine the effects of
the Project-based learning model on students’ pro-environmental behavior.

METHODS
Research Design

The research method used was quasi-experimental. The quasi-experimental method was used
because this research is an experiment that measures the consequences of the treatment, and the
samples are not randomly assigned into groups (Siedlecki, 2020). The variable used is the Project Based
Learning model as the independent variable and pro-environmental behavior as the dependent variable.
The quasi-experimental design used in this study was the Pretest Posttest Non-equivalent Control
Group Design, which was a research design that provides Pretest before being treated, and Posttest after
being given treatment in each group to measure the consequences of the treatment (Valente &
MacKinnon, 2017).

Population and Samples

The population in this study were all students of a senior high school in Jakarta. Class X
Mathematics and Natural Sciences were chosen as the research sample through purposive sampling
because those classes studied environmental changes. Then, two of the four X Mathematics and Natural
Sciences classes were taken using cluster random sampling technique. This study involved one class as
a control class by applying the Discovery Learning model and another class as an experimental class by
applying the Project Based Learning model. Then the sample was chosen randomly from the students
in each class using a simple random sampling technique. From a total of 71 people, 60 students were
obtained consisting of 30 students from the experimental class and 30 students from the control class
as the research sample.

Instrument

The research instrument used to measure pro-environmental behavior scores in this study is
using a questionnaire with instruments adapted from Kaiser & Wilson (2004). The questionnaire
instrument was prepared based on the pro-environment behavior instrument used consisting of 6
indicators, namely: Energy conservation, Transportation and mobility, Waste avoidance, Consumerism,
Recycling, Vicarious, and social behavior toward conservation. Data collection was carried out pre-
treatment and post-treatment in the control class and experimental class through Google Forms. This
instrument consists of 46 statement items with answer choices for positive statements, such as: always
(5), often (4), sometimes (3), rarely (2), and never (1). Meanwhile, for negative statements, the opposite
is: always (1), often (2), sometimes (3), rarely (4) and never (5). There is also an implementation
observation sheet to assess the implementation of the learning syntax carried out with the learning
model in the control class and the experimental class.

Validity testing was carried out to see the accuracy or suitability of the research instrument items.
The validity test was measured by the Pearson Product Moment formula using the SPSS application.
Based on the tests carried out, 6 items were declared invalid from a total of 46 items. Furthermore, the
valid question items on the instrument of each variable are measured in the level of reliability. The
instruments that have been declared valid are then calculated for reliability using the Alpha Cronbach,
and the results show a reliability coefficient of 0.933 which can be concluded that the instrument is
reliable.

Procedure

The preparation stage consists of managing permits to conduct research in schools and preparing
learning tools in the form of syllabi, lesson plans, teaching materials, etc. After that, created an
instrument to measure pro-environmental behavior, made a learning implementation observation
sheet, and carried out briefings with teachers regarding the learning process that will be carried out.
The implementation stage consists of the teacher giving a pro-environment behavior questionnaire at
the beginning of learning (Pretest) in the experimental class and the control class using Google Forms.
Learning begins with preliminary activities such as greetings, prayer, and taking attendance of students,
carry out core activities following the applied learning model. In this study project, the experimental
class worked on environmental campaigns, where students explored real-world environmental
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challenges and came up with solutions. The teacher again gave a pro-environment behavior
questionnaire at the end of the lesson (post-test) in the experimental class and the control class using
Google Forms.

Data Analysis Techniques

Research data were analyzed using the independent sample t-test. Hypothesis testing was done
after the prerequisite tests were carried out, including the normality test using the Kolmogorov-
Smirnov test and the homogeneity test using Levene's Test of Equality of Errors Variance. The
Normalized Gain test was carried out to show the effectiveness of increasing pro-environmental
behavior before and after learning by applying the Discovery Learning model to the control class and
the project-based Learning model to the experimental class.

RESULTS AND DISCUSSION

Normality testing was carried out using the Kolmogorov-Smirnov test at alpha 0.05. Based on the
normality calculation, the Pretest score in the control class is 0.200, the experimental class is 0.200.
Then the calculation of normality on the post-test scores in the control and experimental classes are
0.200 and 0.200, respectively. Calculation of the normality of gain scores in both classes obtained a
significance value of 0.200 in the control class and 0.074 in the experimental class. It can be concluded
that the research data is normally distributed.

Homogeneity testing was carried out using Levene's test at an alpha of 0.05. Based on the
calculation of homogeneity, the significance values of the Pretest and post-test scores were 0.060 and
0.317, respectively. Then the calculation of the homogeneity of gain scores in both classes obtained a
significance value of 0.146. It can be concluded that the variance of all research data is the same or
homogeneous.

The gain Score is obtained from the difference between the Pretest and post-test scores. The
control class had an average pretest and posttest score of 65.40 and 67.12 respectively, while the
experimental class had 61.77 and 68.03. Then the average Gain Score for the control class is 1.72 and
the experimental class is 6.27 (Figure 1).

100.00
90.00
80.00
70.00
60.00 -
50.00 -
40.00 -
30.00 -
20.00 -
10.00 -

0.00 - — |

Pretest Posttest GainScore
\ @ Control 65.40 67.12 1.72
OExperiment 61.77 68.03 6.27

Figure 1. The average score of Pretest, Posttest, and Gain score students’ pro-environmental behavior.

Hypothesis testing in this study was carried out through parametric hypothesis testing using an
independent t-test, which obtained a significance value of 0.02. This shows that the significance value is
smaller than alpha, i.e. 0.02 < 0.05, which means that there is an effect of implementing the Project Based
Learning model on the pro-environmental behavior of students.

The same result is also found Borhan & Ismail (2011) which says that Project Based Learning has
a positive effect on pro-environmental behavior. Likewise with Kilinc's research in 2010, there was a
positive influence on pro-environmental behavior after the Project Based Learning model was applied
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(Kiling, 2010). Another study conducted in Bogor also shows that Project Based Learning increases
junior high school students’ concern towards the environment (Oktavian, 2016). Cheong (2005) said
that even short-term projects are sufficient to help deal with environmental problems such as waste,
saving water, etc., which are forms of behavior that support environmental sustainability.

Individuals who know the environment are considered to be able to reduce environmental
problems and have pro-environmental behavior (Kése et al., 2011). But in practice, classroom learning
generally only emphasizes memorizing concepts about the environment which makes students not
understand the concept of the environment (Zajuli et al., 2019), especially in actions and behaviors that
are beneficial to the environment. This also happens because teachers are often only focused on
discovery learning, which leaves the students free to study independently with little to no supervision
(Mayer, 2004). Whereas learning may be best supported by teaching practices that allow for a deep
understanding of the concepts, principles, and strategies (Mayer, 2004).

The learning process using a project-based learning model on environmental change material
provides experience for students in applying their knowledge related to environmental problems to
real-world situations to provide an opportunity to improve action skills which is also one of the factors
that influence pro-environmental behavior (Hungerford, 1978). Another opinion also says that for pro-
environmental behavior to increase, the person must be able to take actions that are useful for the
environment (Sawitri et al., 2015). In this study, students directly apply the knowledge of
environmental change that they know into the form of a campaign to face the problems of environmental
change.

The stages or syntax in the Project Based Learning learning model include first asking questions
derived from the phenomena that exist around it; then designing the stages in project completion;
developing a project implementation schedule; then collecting, analyzing, and interpreting the data
obtained; preparing reports and project presentations; final evaluation of the project process and
results (Blumenfeld et al,, 1991) .

The project carried out in the experimental class in this study is through an environmental issues
campaign which is one way of implementing behavior in social groups that focus on conservation and
other environmental issues. In biology learning about environmental change, learners explore cases
regarding existing environmental problems and develop ways to deal with them through a three-week
group project. The theme of the problems used in the project is related to environmental issues.

Students are given essential questions about how human activities affect various environmental
problems and how to reduce or address those problems. Students were divided into 6 groups and asked
to choose a problem to be raised into a project. In this learning, students are given the freedom to look
for problems, and other research shows that students are comfortable using technology for teaching
and learning so that they are aware and interested in the issues that exist around them (Yusop & Sumari,
2013).

Then the students collect data based on library studies and work on worksheets on understanding
pollution, understanding pollution according to experts, types of pollution, types of waste, as well as the
impact and how to handle environmental problems that are the subject matter. Worksheets are media
that can guide students in understanding a concept in a structured way (Miarsyah et al., 2019). The use
of worksheets can increase the liveliness of students because they have to solve problems that require
them to find the facts of each problem (Giindiiz et al., 2016).

The next step is for students to create and distribute the projects they have made in the form of
posters on their respective social media and also present the projects carried out in front of the class so
that between groups of students there is an exchange of information and knowledge about
environmental issues that they raise as the theme of the project. Social Media can also be used as a
learning medium (Yusop & Sumari, 2013). The use of social media in the learning process can increase
learner engagement and improve understanding of the material (Blaschke, 2014). The use of poster
media as a learning process also facilitates learners to be more active and independent in learning
(Crichton & Kopp, 2006). Another opinion also said that the media can help students understand the
material presented (Rosamsi et al., 2019)

Based on descriptive data analysis (Figure 2), can be seen the difference in the gain score on each
aspect of pro-environmental behavior. The difference in value between posttest and pretest was
calculated and the biggest increase was in the aspect of behavior in social groups that focus on
conservation and other environmental issues, which amounted to 10.87 in experimental classes that
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apply the learning model of Project Based Learning. The increase in the value of pro-environmental
behavior in this aspect shows that students who previously did not contribute to conservation such as
disseminating information about climate change, discussing environmental problems, making or
pasting posters about the environment, and behavior in social groups that focus on conservation and
other environmental issues, now participate.
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Figure 2. Average Gain Score of each aspect of students’ pro-environmental behavior.

Other aspects such as energy conservation, transportation and mobility, avoiding waste
production, and Consumerism also increased in the experimental class compared to the control class.
Even in the recycling aspect of the control class, there was no increase in the value of pro-environmental
behavior at all, compared with the experimental class there was an increase of 2.56. This shows the use
of project-based learning Learning model is already suitable to increase knowledge about the
environment and improve the pro-environmental behavior of students. The findings also reinforce the
theory that knowledge will be better when learning activities involve more complex processes such as
analysis, evaluation, to creation (Anderson et al., 2001) which is the syntax of the Project Based Learning
model.

Learning in this study has also been done very well which can be seen from the calculation of the
observation score of the implementation of learning. Based on the observation data of the
implementation of learning, there are differences in the percentage score of the implementation of
learning between teachers and students as well as in the control and experimental classes. This can be
because teachers are still not used to using the project-based learning model. After all, teaching with the
project-based learning model requires the right amount of guidance to achieve the appropriate learning
objectives. Where in this learning process there are no two projects or groups with the same project
theme so each group has different experiences and knowledge, but each learner needs to achieve the
same results (Mufida et al, 2020).

The average value of N-Gain in the experimental class and control class of 0.02 and 0.08,
respectively, indicating the effectiveness of the use of learning models in both classes is low. The
average value of N-gain, which is classified as low is because the difference in Pretest and Posttest scores
in both classes has only a slight difference. The cause of low effectiveness despite the effect of the use of
a project-based learning Learning model is that pro-environmental behavior is affected by various
things, and this study only provides experiments on one factor, namely knowledge. The knowledge
factor was chosen because the initial model of behavior change in the environmental context was based
on the assumption that if a person has more knowledge about the environment, then that person will
be more aware of the environment and the problems that exist in the environment (Kiling, 2010),
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reducing problems. The increase in the number of environmentally sensitive individuals is only possible
through education (Genc, 2015).

Other factors that affect pro-environmental behavior such as social norms, emotions, religion,
traditions, and previous experiences (Kiling, 2010) are very difficult or even uncontrollable in this study.
On the other hand, there are also some limitations derived from the study. This study uses a
questionnaire that gives the subject freedom to report his behavior. This has a tendency of the subject
to report his behavior and attitude more positively (Vanderstoep & Johnston, 2009).

CONCLUSION

Project Based Learning models are effective in improving the pro-environmental behavior of
high school students. Students can take actions that are useful for the environment using a project-based
learning model, so their pro-environmental behavior increases. The average value of N-gain indicating
the effectiveness of the use of learning models in both classes is low. This could happen since teachers
are still not used to the project-based learning model.
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