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Annotation. This study aims to evaluate the application of the Project Based Learning
model on environmental pollution material to improve students' problem-solving skills and
mutual cooperation. This type of research is a class action research conducted at Senior High
School 3 Surakarta, Indonesia. The results showed that applying the Project Based Learning
can improve the problem-solving skills and mutual cooperation of students in class X-2 Senior
High School 3 Surakarta.

Keywords: class action research, environmental pollution, mutual cooperation, Project Based
Learning, problem solving skills.

Introduction

Problem-solving skills and mutual cooperation are crucial for students lives in the
21st century and the Industrial Revolution 4.0 and have qualified abilities to contribute
positively to the nation. Education should build quality students who need to adapt and
transform to answer the demands of the times (Kollar & Matusova, 2023). One of the
main focuses of education transformation in Indonesia is to develop Pancasila learner
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profiles and 21st-century skills (Jayadiputra, 2023). The Pancasila Learner Profile is a
collection of characters and competencies that learners in Indonesia are expected to
achieve based on the noble values of Pancasila.

The dimensions of the Pancasila Learner Profile and 21st-century skills contain two
essential and interrelated skills. That is problem-solving and mutual cooperation (Ima-
nia et al., 2022). Problem-solving skills help individuals to identify, analyze, and solve
problems effectively (Afandi et al., 2019), adapt to complex situations and conditions,
think critically and creatively, and make the right decisions (Choudhar et al., 2022).
Then mutual cooperation allows individuals to work together with others to achieve
common goals, appreciate differences and diversity, develop empathy and tolerance
attitudes, and build effective communication and collaboration (Freitas et al., 2019)
These skills are essential foundations for learners to contribute to society and address
global challenges, including climate change, natural disasters, and social inequality.

Problem-solving skills and mutual cooperation of students in class X Senior High
School 3 Surakarta Indonesia are still low categories. The interviews with biology
teachers showed that the quality of class X students decreased compared to the previ-
ous generation based on the summative assessment biology scores available with 60%
students not reaching the minimum completeness criteria limit (KKM). The summa-
tive assessment results show that students who score below the KKM have difficulty
working on questions that measure biological problem-solving skills.

The affective domain in students also decreased. Observation of learning activities
in the classroom shows students were more individualistic in the learning process in
class. In the learning process, teachers distribute PowerPoint containing material to
students, then explain the material and continue with students working on problems
individually. The results of interviews with students showed that learning in the
classroom rarely does activities in groups. Based on the results of observations and
interviews that have been conducted, students’ problem-solving skills and mutual
cooperation are still underutilized.

After observations and interviews followed by pre-cycle activities, all class X stu-
dents took questionnaires and tests. Class X-2 had lower problem-solving skills and
mutual cooperation than other classes. The results of the problem-solving skills test are
that six students were in the poor category with scores between 20-40%, 17 students
were in the moderate category with scores between 41-60%, and 11 students were in
the able category with scores between 61-80%. The problem-solving skills questionnaire
obtained the results of aspects of defining the problem at 69% (capable), exploring the
problem at 68% (capable), aspects of planning a solution at 69% (capable), implementing
the plan at 70% (capable), checking the solution at 69% (capable), and evaluating at
67% (capable). The results of the mutual cooperation questionnaire obtained aspects
of empathy at 67% (good enough), cooperation at 69% (good enough), establishing
communication and friendship at 68% (good enough), commitment to joint decisions
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at 69% (good enough), consensus deliberation at 66% (good enough), respectful actions
at 71% (good), voluntary help at 66% (good enough). The test and questionnaire data
became the baseline of this research. The categorization is based on problem-solving
skills instrument score criteria by Hidayatulloh et al. (2020) and mutual cooperation
instrument score criteria by Monika et al. (2023).

Students’ lack of problem-solving skills is not only found in Senior High School 3
Surakarta. Program for International Student Assessment (PISA) study in 2015 shows
that Indonesian students’ problem-solving skills are ranked 64th out of 72 countries.
This ranking and average score are not much different from the results of PISA tests
and surveys in 2022, which showed that Indonesia was in the low material mastery
group, which ranked 64th out of 81 countries. This data shows that the problem-solving
skills of students in Indonesia in learning are low (Arif et al., 2018).

It is necessary to transform learning that focuses on developing problem-solving
skills and mutual cooperation. This transformation can be done through the application
of active and participatory learning models such as Project Based Learning (Bozyigit
et al.,, 2014), which provides opportunities for students to learn and work together in
completing projects and tasks; the use of learning materials that are contextual and
relevant to real life, strengthening the values of mutual cooperation in the learning
process (Rohmah et al., 2020).

Previous research on the application of Project Based Learning to improve
problem-solving skills was conducted by Darwis et al. (2020), who found that the ap-
plication of the Project Based Learning learning model in connected type integrated
science learning can improve problem-solving skills on indicators of analyzing prob-
lems, collecting data or information, and proposing problem-solving solutions. Sasmita
etal. (2021) researched the application of Project Based Learning to improve students’
mathematical problem-solving skills and obtained the results that after applying
Project Based Learning, the problem-solving ability test score was 91.24, so there was
an increase of 15.086%.

Anengsih et al. (2023) researched the application of Project Based Learning to
improve students’ mutual cooperation. They obtained favorable results in character
learning so that it can be implemented as an implementation of the Pancasila Student
Profile in mutual cooperation. Research conducted by Fitri et al. (2023) showed that
Project Based Learning increased the character of mutual cooperation. There was a
marked increase in three assessment indicators: collaborating, caring, and being able to
share solutions in problem-solving, with a percentage increase ranging from 80-89%.
Jagantara et al. (2014) explained the advantages of using the Project Based Learning
model in learning, which can increase motivation, and improve problem-solving,
research, collaboration, and resource management skills.

The theoretical basis for using Project Based Learning to improve problem-solving
skills and mutual cooperation is Neo-Piagetian research, Vygotskyan views regarding
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learning as a social activity, and epigenetic theory (Krajcik et al., 2014). Piaget’s (1963)
notion of socio-cognitive conflict (Doise et al., 1984) refers to the mechanism by which
an individual realizes that students’ thoughts or ideas are inconsistent with the views
or new information of others (Esther Care, 2018). This internal conflict makes indi-
viduals reflect on their thinking and can be the beginning of conceptual change. The
Vygotskyan argument for collaborative learning is based on Vygotsky’s (1978) view
of the social nature of learning, namely that through social interaction, learners can
achieve a higher level of development than learners achieve by working and learning
alone (Helle et al., 2006).

Epigenetic theory argues that genes inherited by parents can be modified by each
individual as influenced by the environment (Chomitz et al., 2009). Epigenetics plays
an important role in the learning process, as it has been shown to occur in parts
of the brain responsible for learning and memory formation (Abel et al., 2013 &
Cortés-Mendoza et al., 2013). The PJBL model involves learners in projects that require
direct application of learning concepts in real-world situations. The projects provide
practical experience that can enhance understanding of concepts. Epigenetic theory
underscores the role of experience and environment in shaping individual development,
especially in regulating gene expression and its impact on cognitive and behavioral
development (Fagiolini et al., 2009).

As explained above, the selection of material that is contextual and relevant to real
life can also train students’” problem-solving skills and mutual cooperation. Therefore,
this research was carried out on environmental pollution material in class X of the
independent curriculum. This material is very suitable for research because of the
increasing environmental problems at local and national levels due to the presence of
polluting materials produced by human activities.

The background explained that the general research objectives are that applying
project-based learning models in environmental learning can empower and improve
students’ abilities, especially problem-solving skills, and mutual cooperation. Several
research questions were formulated to facilitate the solution of the research problem:
First, how does using the PJBL model affect students’ problem-solving skills and mu-
tual cooperation? Second, how are the results for each problem-solving and student’s
mutual cooperation indicator when applying the PJBL model? The research objectives
are as follows: first, to determine the effect of using the PJBL model on students’
problem-solving skills and mutual cooperation; Second, to determine the results on
each problem-solving skills indicator and each student mutual cooperation indicator
after applying the PJBL model.
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Methods

Research Design

This study is a classroom action research conducted on environmental pollution
material to improve students’ problem-solving skills and mutual cooperation using the
Project Based Learning model. This research was carried out with several stages adap-
ted from Kemmis et al. (2002): planning, acting, observing, and reflecting (Figure 1).

Figure 1
Schematic of Classroom Action Research Procedure

For the test scores of problem-solving skills, 6
students are in the poor category with scores between

20-40%, 17 students are in the moderate category
ERECXCLE with scores between 41-60%, and 11 students are in
the able category with scores between 61-80%. The
mutual cooperation questionnaire and problem-
| solving skills results show that all aspects are in the
| sufficient category.

Preparation of learning tools
and research tools based on the
results of problem analysis

e Presenting data results and
learning findings obtained
in cycle I

e Analyze the results of the
target achievement in
cycle I. If the target has
not been achieved, then
the next cycle can be
continued

The application of the Project Based Learning model
on environmental pollution material and the stages of
observation using the research tools that have been
prepared.

Revise the design of learning implementation in cycle
11 by the reflection

e Presenting data results and

learning findings obtained
in cycle II

Analyze the results of
achieving the target in

The application of the Project Based Learning model
on environmental pollution material and the stages of
observation using the research tools that have been
prepared.

cycle II. If the target has
not been achieved, then
the next cycle can be
continued

FOLLOW-UP HAS REACHED THE RESEARCH TARGET
Problem-solving skills and mutual cooperation of students have increased by the target achievement,
namely problem-solving skills the average acquisition of each aspect >80% with very capable criteria
and the target achievement of mutual cooperation the average acquisition of each aspect >85% with
very good criteria.

Population and Sample

The research population was class X Senior High School 3 Surakarta students, and
the sample chosen in this research was even semester students who were studying
Environmental material. The sample size was determined using purposive sampling,
which was to the researcher’s needs by considering the characteristics of the learning
model. The sample chosen was class X-2, with 17 females and 17 males in one class,
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so the total sample was 34 students. Students’ ages range from 16 to 17 years. The
duration of the research is around 4 weeks. The number of samples is limited because
it is adjusted to the actual number of students in the class; this may be a limitation
of the study.

Data Collection

The data collection technique of this research is a test and non-test to determine
the problem-solving skills and mutual cooperation of students. The test technique is
a discourse description question, while the non-test technique is questionnaires, in-
terviews, observation, and documentation. Details of data and research data sources
are listed in Table 1.

Table 1
Data and Data Source
No. Data Data source
1. Syntax implementation Observation of syntax implementation

2. Intra-group and inter-group learner Observation of learners’ social interaction
interaction

3. Overview of how the teacher treats Observation of teacher reaction
and responds to learners’ questions

4. Learner response after learning Interview of learners’ response after learning
Problem-solving skills Questionnaires and tests
6.  Mutual cooperation Questionnaires
Data Analysis

The data analysis technique used in this research is qualitative descriptive analysis.
There are three elements in the descriptive analysis technique by Creswell (2009): re-
duction, data presentation, and conclusion drawing. The data validity test in this study
used method triangulation techniques. The data obtained from the problem-solving
skills and mutual cooperation questionnaires used scoring modified from Facione
(1994). Then, the raw scores that have been obtained can be converted into percentage
scores using the following formula:

NP = K x 100 ()
sm

Description:

NP = Value sought

R = Score obtained by the learner

Sm = Maximum test score
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The percentage score obtained can be used to determine students’ problem-solving
skills and mutual cooperation based on 5 categories. The categories for determining
the level of problem-solving skills through the administration of test sheets can be seen
in Table 2, and the categories for mutual cooperation skills can be seen in Table 3. The
target achievement of this research is that students” problem-solving skills increase to
>80% with highly capable criteria, and students’ mutual cooperation becomes >85%
with highly capable criteria.

Table 2
Problem Solving Skills Instrument Score Criteria
No. Criteria Interval

1 Highly Capable 81-100
2 Able 61-80
3 Medium 41-60
4 Less 21-40
5 Very Less 0-20

Source: Hidayatulloh et al. (2020)

Table 3
Mutual Cooperation Instrument Score Criteria
No. Criteria Interval

1 Highly Capable 85-100
2 Able 70-84
3 Medium 55-69
4 Less 46-54
5 Very Less <45

Source: Monika et al. (2023)

Results and Discussion

The pre-cycle activities began with interviews with biology teachers and students
and then classroom observations to identify problems. The observations showed that
learning activities are individualistic, where students individually work on tasks gi-
ven by the teacher, and learning activities are rarely implemented in groups. Students’
problem-solving skills are still lacking, and it can be seen that students have difficulty
working on problem-solving during the end-of-semester summative assessment. Karmina
et al. (2021) argue that collaborative learning models and contextualized materials in-
fluence problem-solving skills and mutual cooperation. According to Bozyigit Bozyigit
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et al. (2014), one of the ways that can be done to improve problem-solving skills and
mutual cooperation is through the application of active and participatory learning
models, such as the Project Based Learning learning model, which provides oppor-
tunities for students to learn and work together in completing projects and tasks, the
use of learning materials that are contextual and relevant to real life, strengthening
the values of mutual cooperation in the learning process (Rohmah et al., 2020).

The results of applying the Project Based Learning model on environmental pol-
lution material to improve problem-solving skills can be seen in Figure 2, Table 4,
and Table 5. The histogram in Figure 2 shows that the average test scores of problem-
solving skills at each stage increased. The percentage of the acquisition of each aspect
of problem-solving skills measured using tests and questionnaires can be seen in
Table 4 and Table 5.

Figure 2

Comparison of Problem Solving Skills Test Results for Each Cycle
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Table 4
Comparison of the Percentage of Problem Solving Skills Test for Each Aspect in
Pre- Cycle, Cycle and Cycle 2 Activities

Aspects of Problem Pre-cycle Value Cycle | Value Cycle2 Value
Solving Skills Result Criteria Resule Criteria Result Criteria
(%) (%) (%)

Defining the problem 69 Able 86  Highly 85  Highly
Capable Capable

Exploring the problem 70 Able 76  Able 90  Highly
Capable

Planning a solution 56 Medium 72 Able 95  Highly
Capable
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Aspects of Problem Pre-cycle Value Cycle 1 Value Cycle2 Value
Solving Skills Result Criteria Result Criteria Result Criteria
s (%) (%) (%)

Implementing the plan 35 Less 50  Medium 81 Highly
Capable

Checking the solution 34 Less 60  Medium 81  Highly
Capable

Evaluate 34 Less 60  Medium 81  Highly
Capable

Table 5

Comparison of the Percentage of Problem Solving Skills Questionnaire Results for Each
Aspect in Pre-Cycle, Cycle 1 and Cycle 2 Activities

Aspects of Problem Sol-  Pre-cycle Value Cycle 1 Value Cycle 2 Value

ving Skills Result (%)  Criteria Result Criteria Result Criteria
(%) (%)

Defining the problem 69 Able 81 Highly 83  Highly
Capable Capable

Exploring the problem 68 Able 74 Able 81  Highly
Capable

Planning a solution 69 Able 75  Able 80  Highly
Capable

Implementing the plan 70 Able 79  Able 83  Highly
Capable

Checking the solution 69 Able 79  Able 83  Highly
Capable

Evaluate. 67 Able 78  Able 80  Highly
Capable

Applying Project Based Learning in cycle I can improve problem-solving indicators:
defining problems, exploring problems, planning solutions, implementing plans, chec-
king solutions, and evaluating have not yet reached the research target. The percentage
of test scores in aspect of exploring problems in cycle I was 76%, and the questionnaire
value in aspect exploring problems was 74% and included in the capable category. The
aspect of exploring problems has not reached the target achievement and can be caused
by learning activities in cycle I students modeling various conditions of polluted river
water using simple tools and materials. Modeling river water conditions limits students’
ability to explore existing problems. In the next cycle of learning activities, students can
make direct observations of the surrounding environment. Mook (2019) claims that
direct observation of the environment can help students explore the problem further.
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Sadiman (2014) and Darmawan et al. (2019) also state that proper media selection
can foster students’ interest and attention during learning and can improve students’
problem-solving skills.

The aspect of planning solutions in tests and questionnaires of problem-solving
skills has not yet reached the target achievement (=80%). The aspect of planning
solutions on the test received a percentage value of 72% (capable category), while the
questionnaire value obtained 75% (capable category). The acquisition of test scores on
the aspect of planning solutions aligns students’ answers on the problem-solving skills
tests. Students are asked to plan project solutions to be carried out but have not come
up with products that can be made or used in the real world. Then, based on classroom
observations, students in planning solutions have been unable to find new products
that differ from other groups. Each group has the same product, a water filter. The
difference lies in the constituent components in each group. All products produced
are uniform, indicating that the aspect of planning solutions is still lacking. According
to Insani et al. (2016), the factor that causes the low aspect of planning solutions is
students’ cognitive skills. Solving problems requires complex thinking skills, namely
cognitive skills and awareness of using the right strategy. Thus, if the cognitive skills
possessed by students are low, then students’ skills in planning solutions to solve
problems will also be hampered. Utomo (2020) argues that teachers can improve the
aspect of planning solutions by directing learners to create problem-solving projects
that are different from other groups.

The aspect of implementing the learners’ plan obtained a score of 50% (medium
category) on the problem-solving skills test, while the percentage of questionnaire
data was 79% (capable category). These results align with the answer to test question
number 4, where students have been unable to make a complete project implementation
plan schedule, and students” answers do not elaborate on activities and implementa-
tion dates. Besides that, the results of interviews after cycle I learning actions of some
learners revealed that some group members did not contribute enough to making
products. Teachers must manage group work to ensure equal participation and maxi-
mum benefits (Khasaia, 2016). So, the teacher must constantly monitor the project,
remind students to contribute actively, and conduct assessments among students in
one group (Utomo, 2020).

The aspect of checking solutions that are still classified as capable with the acquisi-
tion of a test score of 60% and the acquisition of a questionnaire of 79% is in line with
the test answers of students who do not show the suitability of the planned solution
with the supporting theory, and the observation data shows that during the water fil-
ter product trial, there were several groups whose products did not function properly.
The teacher can improve this aspect by constantly monitoring the project, reminding
students to contribute actively, and conducting assessments between students in one
group (Utomo, 2020).
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The results of applying the Project Based Learning model on environmental pol-
lution material to improve mutual cooperation can be seen in Table 6. The percentage
of acquiring each aspect of mutual cooperation measured using a questionnaire has
increased at each stage. In the results of the assessment of aspects of mutual cooperation
in cycle I, 3 aspects had not reached the achievement target (=85%), namely, aspects
of establishing communication and friendship, deliberation to reach consensus, and
helping voluntarily. Observation data provides a note that there are submassive stu-
dents in class discussions. One of the dominant students is more prominent because
he actively argues and proposes opinions. In contrast, sub-massive students lack con-
fidence in expressing their opinions in class, so in the next cycle, the sharing aspect
needs to be increased again for submissive students by requiring all students to take
turns expressing their opinions in learning activities (Utomo, 2020). The aspect of
evaluating received a test score of 60% and a questionnaire score of 78%, including
in the capable category, in line with the student’s answers on the test sheet, did not
describe the advantages and disadvantages of the planned solution. In addition, based
on the observation results, several groups did not provide responses and evaluations
for other groups. Teachers can improve the evaluation aspect by requiring each group
to respond to the products made by other groups (Utomo, 2020).

In discussion activities, river water modeling practicum, and presentations, some
students do not contribute to their groups, so collaboration and caring must also be
re-empowered in the next cycle. The observation data is supported by observations of
syntax implementation, where the motivation stage at the first meeting is less visible.
According to Posamentier (2015), motivation from the teacher can foster students’
interest in learning so that the learning process can take place well.

Table 6
Comparison of Percentage of Mutual Cooperation Questionnaire Results for Each
Aspect in Pre-action, Cycle 1 and Cycle 2 Activities

Aspects of Mutual ~ Pre-cycle  Criteria  CycleI  Criteria  Cycle2  Criteria

Cooperation Skills Result Result Result
(%) (%) (%)

Empath 67 Good 90 Very good 93 Very good
pathy enough Y8 Y8
Cooperation 69 Good 87 Very good 87 Very good
p enough Y8 Y8

Establish communi- Good
cation and friendship 08 enough 84 Good 87 Very good
Commitment to Good
shared decisions 69 enough 85 Very good 89 Very good
Consensus Good
deliberation 66 enough 81 Good 85 Very good
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Aspects of Mutual ~ Pre-cycle  Criteria  CycleI  Criteria  Cycle2  Criteria

Cooperation Skills Result Result Result
(%) (%) (%)
Acts of respect 71 Good 86 Very good 89 Very good
p enough Y8 Y8
Voluntary hel 66 Good 83 Good 88 Very good
yaep enough V8

The reflection results of the application of Project Based Learning during cycle II
showed increased problem-solving skills and mutual cooperation among students. The
results of the application of Project Based Learning in cycle II show that the research
achievements of students have been achieved in all aspects of problem-solving skills
and mutual cooperation so that action research has met the conditions for not doing
the next cycle.

During the research activities, there was incomplete student data, and the incom-
pleteness of the student data was due to students not following the stages of the research.
A list of incomplete learner data can be seen in Table 7.

Table 7
Incomplete Learner Data
. Achievement of Problem Achievement Score of
Achievement of Problem . . . .
Solvine Test Score Solving Questionnaire Mutual Cooperation
Nl;lm' 8 Score (%) Questionnaire (%)
er
Cycle Cycle Cycle Cycle Cycle Cycle
Pre-cycle . i Pre-cycle I I Pre-cycle . -
90 90 0 70 100 0 74 100 0
8 35 80 0 71 87 0 68 89 0
14 35 30 0 74 74 0 78 98 0
26 55 70 0 71 74 0 72 80 0

Numbers 3, 8, 14, and 26 took part in the pre-cycle and cycle I actions but did not
take part in cycle IT actions. At the time of the pre-cycle number 3 obtained a percent-
age of problem-solving test scores of 90% (very capable category), and in the cycle-1
got 90% (very capable category). The achievement percentage of the problem-solving
questionnaire in the pre-cycle was 70% (capable), and in cycle I, it was 100% (very
capable). The percentage achievement of mutual cooperation questionnaire number
3 in the pre-cycle was 74% (good), and cycle I was 100% (very good). Based on this
data, there was an increase in the percentage score from pre- cycle to cycle I action.

Number 8 obtained the achievement percentage of the problem-solving skills test
score as follows: in the pre-cycle, 35% (poor category); cycle I of 80% (capable category).
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The achievement percentage of the problem-solving skills questionnaire score in the
pre-study was 71% (capable category), and cycle I was 87% (very capable category). The
achievement percentage of the mutual cooperation questionnaire score in the pre-cycle
was 68% (quite good), and cycle I was 89% (very good category). Based on this data,
there was an increase in the percentage of scores from pre-cycle to cycle I action.

Number 14 obtained the achievement percentage of the problem-solving skills test
score as follows: in the pre-cycle of 35% (less category), cycle I of 30% (less category).
The achievement percentage of the problem-solving skills questionnaire score in the
pre-cycle was 74% (capable category), and in cycle I it was 74% (very capable catego-
ry). The percentage of achievement of the mutual cooperation questionnaire score at
pre-cycle was 78% (good), and cycle I was 98% (very good category). Based on the
data on the percentage score of the mutual cooperation questionnaire, there was an
increase in the percentage score from pre-cycle to cycle I action. However, based on the
data in the percentage score, achievement of the problem-solving skills test decreased
by 5%, and based on the percentage score achievement of the problem-solving skills
questionnaire, students’ achievement was stagnant (not increasing or decreasing).

Number 26 obtained the achievement percentage of the problem-solving skills test
score: in the pre-cycle it was 55% (moderate category); cycle I amounted to 70% (capable
category). The achievement percentage of the problem-solving skills questionnaire score
in the pre-cycle was 71% (capable category), and cycle I was 74% (capable category).
The percentage of achievement of the mutual cooperation questionnaire score in the
pre-cycle was 72% (good), and cycle I was 80% (good category). Based on this data,
there was an increase in the percentage score from pre-cycle to cycle-I action.

The data from Cycle I and Cycle II align with the theories supporting Project
Based Learning: Piaget’s constructivism theory, Vygotsky’s constructivism, Dewey’s
experiential learning theory, and epigenetics. Social interaction in groups can improve
problem-solving skills and mutual cooperation compared to learning alone (Piaget,
1963; Vygotsky, 1978; Yang et al., 2012; Afandi & Sajidan, 2017). The experience learners
gain through direct practice in the field can also help learners understand the material
(Dewey, 1933; Afandi & Sajidan, 2017). A classroom environment that is organized
to empower problem-solving skills and mutual cooperation can improve students’
problem-solving skills and mutual cooperation (Sajidan & Afandi, 2018).

Conclusion

Based on the study’s results, applying the project-based learning model in environ-
mental learning can improve problem-solving skills and mutual cooperation of students
in class X-2 Senior High School 3 Surakarta in the 2023/2024 academic year. There is a
significant difference in students’ problem-solving skills and mutual cooperation before
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and after learning the integrated PJBL model. Learners become more skillful in solving
problems in the environment and work together with their groups.

There was an increase in the six students’ problem-solving skills indicators between
before and after learning, with the highest score on both the pre-cycle, cycle 1, and
cycle 2 on the cognitive indicator of remembering when the pre-cycle all indicators
were in the able criteria (69%) and in the cycle 2 all indicators increased to the cri-
teria highly capable (82%). There was an increase in the seven indicators of mutual
cooperation between before and after learning when the pre-cycle, all indicators in the
good enough criteria (68%), and in the cycle 2, all indicators increased to the criteria
of very good (88%).

These results show that applying the PJBL in environmental learning can form
problem-solving skills and mutual cooperation. This study has implications for edu-
cators’ understanding and mastery in implementing PJBL because PJBL can be used
as one of the most effective alternative models of teaching and learning activities for
improving students’ problem-solving skills and mutual cooperation. It is hoped that
future researchers will use a more diverse sample to enrich future research findings
related to PJBL and other 21st-century skills.

Acknowledgement

The author would like to thank LPPM UNS for providing Applied Excellence Research
funds (PUT-UNS) in 2024 with contract: 194.2/UN27/PT.01.03/2024.

References

Abel,]. L. B., & Rissman, E. F. (2013). Running-induced epigenetic and gene expression changes
in the adolescent brain. International Journal of Developmental Neuroscience, 31(6), 382-390.
https://doi.org/10.1016/j.ijjdevneu.2012.11.002

Afandi, & Sajidan. (2017). Stimulation of higher order thinking skills (Concepts and applications
in 21st century learning). UNS Press.

Afandi, Sajidan, Akhyar, M., & Suryani, N. (2019). Development frameworks of the Indonesian
partnership 21 st -century skills standards for prospective science teachers: A Delphi study.
Jurnal Pendidikan IPA Indonesia, 8(1), 89-100. https://doi.org/10.15294/jpii.v8il.11647

Akhlis, N. (2023). Improving learning outcomes of self-esteem material through the make a

match model assisted by powerpoint for grade 3 students at SD Negeri Kwadungan Jurang.
Jurnal Pendidikan Dasar, 11, 1-6.

Pedagogika | 2025, t. 157, Nr. 1 185


https://doi.org/10.1016/j.ijdevneu.2012.11.002
https://doi.org/10.15294/jpii.v8i1.11647

Allolinggi, L. R. (2023). Character education learning model based on rambu solo ceremony
as strengthening the mutual cooperation attitude of elementary school students [Doctoral
Dissertation. Indonesian university of Education]. Universitas Pendidikan Indonesia.

Amin, A. M., Karmila, F., Muna, L., Hujjatusnaini, N., Adiansyah, R., & Yani, A. (2022). Effects
of online learning on high order thinking skills in biology students during the Covid-19
pandemic. Bioedusiana: Jurnal Pendidikan Biologi, 7(1), 1-17. https://doi.org/10.37058/
bioed.v7il1.4467

Anagiin, . S. (2018). Teachers’ perceptions about the relationship between 21st century skills

and managing constructivist learning environments. International Journal of Instruction,
11(4), 825-840. https://doi.org/10.12973/iji.2018.11452a
Anengsih, A., & Jamaludin, U. (2023). Application of project based learning in pantun learning

in grade V elementary school. Jurnal Ilmiah Mandala Education, 9(1), 264-270. https://doi.
org/10.58258/jime.v9il.4472
Arikunto, S. (2015). Fundamentals of educational evaluation (2 ed.) PT. Bumi Aksara.
Bancroft, T. D., Hockley, W. E., & Servos, P. (2014). Does stimulus complexity determine whether

working memory storage relies on prefrontal or sensory cortex?. Attention, Perception, and
Psychophysics, 76(7), 1954-1961. https://doi.org/10.3758/s13414-013-0604-0
Bozyigit, N, Onan, T. S., Oz¢inar, A., & Erdem, A. (2014). An in-class project model: Active
learning and effective participation nuray. Journal of Education and Future, 6, 15-24.
Chao, C,, Tsai, C., & Lin, M. (2022). Sciencedirect fully digital problem-based learning for
undergraduate medical students during the COVID-19 period : Practical considerations.
Journal of the Formosan Medical Association, 121(10), 2130-2134. https://doi.org/10.1016/j.

jfma.2021.11.011
Chiang, & Lee. (2016). The effect of project-based learning on learning motivation and problem-

solving ability of vocational high school students. International Journal of Information and
Education Technology, 6(9), 709-712. https://doi.org/10.7763/ijiet.2016.v6.779

Chomitz, V. R, Slining, M. M., McGowan, R. ]., Mitchell, S. E., Dawson, G. F., & Hacker, K. A.
(2009). Is there a relationship between physical fitness and academic achievement? Positive

results from public school children in the Northeastern United States. Journal of School
Health, 79(1), 30-37. https://doi.org/10.1111/j.1746-1561.2008.00371.x

Choudhar, S., Bi, N, Singh, P. N., & Talwar, P. (2022). Study on problem solving skills and its
importance. World Journal of English Language, 12(3), 47-54. https://doi.org/10.5430/wjel.
v12n3p47

Chu, S. K. W, Reynolds, R. B., Tavares, N. J., Notari, M., & Lee, C. W. Y. (2016). 21st Century
Skills Development Through Inquiry-Based Learning: From Theory to Practice. Springer.
https://doi.org/10.1007/978-981-10-2481-8

Cohen, P. R., & Feigenbaum, E. A. (1982). Planning and problem solving. Department of

Computer Science, Stanford University.
Cortés-Mendoza, J., Diaz de Ledn-Guerrero, S., Pedraza-Alva, G., & Pérez-Martinez, L. (2013).
Shaping synaptic plasticity: The role of activity-mediated epigenetic regulation on gene

186 Pedagogika | 2025, t. 157, Nr. 1


https://doi.org/10.37058/bioed.v7i1.4467
https://doi.org/10.37058/bioed.v7i1.4467
https://doi.org/10.12973/iji.2018.11452a
https://doi.org/10.58258/jime.v9i1.4472
https://doi.org/10.58258/jime.v9i1.4472
https://doi.org/10.3758/s13414-013-0604-0
https://doi.org/10.1016/j.jfma.2021.11.011
https://doi.org/10.1016/j.jfma.2021.11.011
https://doi.org/10.7763/ijiet.2016.v6.779
https://doi.org/10.1111/j.1746-1561.2008.00371.x
https://doi.org/10.5430/wjel.v12n3p47
https://doi.org/10.5430/wjel.v12n3p47
https://doi.org/10.1007/978-981-10-2481-8

transcription. International Journal of Developmental Neuroscience, 31(6), 359-369. https://
doi.org/10.1016/j.ijjdevneu.2013.04.003

Creswell, J. W. (2009). Reasearch design: Qualitative, quantitative, and mixed-methods research.
Microbe Magazine, 4(11), 485-485. https://doi.org/10.1128/microbe.4.485.1

Darmawan, E. W., & Suparman, S. (2019). Design of mathematics learning media based on

discovery learning to improve problem solving ability. Indonesian Journal on Learning and
Advanced Education (IJOLAE), 1(2), 20-28. https://doi.org/10.23917/ijolaev1i2.7564
Darwis, R., & Hardiansyah, M. R. (2020). Project-based learning in improving students’
problem-solving skills. Ekspose: Jurnal Penelitian Hukum Dan Pendidikan, 19(1), 1008-1018.
https://doi.org/10.30863/ekspose.v1il.752
Dewey. (1933). How we think: a restatement of the relation of reflective thinking to the educative

process. D.C. Heath and Company.

Dryden, G., & Vos, J. (2016). The new learning revolution: How brain can lead the world in
learning. Education and schooling. The Learning Web.

Effendi, T. N. (2016). Community mutual aid culture in the current social change. Jurnal
Pemikiran Sosiologi, 2(1), 1. https://doi.org/10.22146/jps.v2i1.23403

Ependi. (2018). Application of question and answer method to improve Indonesian language

learning Achievement of class Vi students of Sd Negeri 012 Pangkalan Baru Siak Hulu
district. Journal Pendidikan Guru Sekolah Dasar, 7(2), 256-264.

Erlina, U., Hartoyo, A., & Erlina. (2023). Designing a project based learning model to develop
students’ mutual cooperation and creative attitudes in science learning at elementary school.
Jurnal Alwatzikhoebillah : Kajian Islam, Pendidikan, Ekonomi, Humaniora, 9(2), 320-332.

Esther Care, P. G. (2018). Educational assessment in an information age assessment and teaching
of 21st century skills: Research and applications [1 ed.]. http://www.springer.com/series/13475

Facione, P. A., & Facione, N. C. (1994). Holistic critical thinking scoring rubric. California
Academia Press.

Facione, Peter A. (1994). How to use the holistic critical thinking scoring rubric. Holistic
Critical Thinking Scoring Rubric, 1-2.

Fagiolini, M., Jensen, C. L., & Champagne, F. A. (2009). Epigenetic influences on brain
development and plasticity. Current Opinion in Neurobiology, 19(2), 207-212. https://doi.
0rg/10.1016/j.conb.2009.05.009

Farisi, M. L. (2016). Developing the 21st-century social studies skills through technology

integration. Turkish Online Journal of Distance Education, 17(1), 16-30. https://doi.
org/10.17718/tojde.47374
Filho, L., & Pace. (2016). Teaching education for sustainable development at university level.

Springer.

Fitri, A. N, Utomo, A. P., & Arabia, A. (2023). Implementation of PBL in improving mutual
cooperation character and mastery of immune system concept at SMAN 1 Rogojampi.
Jurnal Biologi, 1(2), 1-8. https://doi.org/10.47134/biology.v1i2.1956

Pedagogika | 2025, t. 157, Nr. 1 187


https://doi.org/10.1016/j.ijdevneu.2013.04.003
https://doi.org/10.1016/j.ijdevneu.2013.04.003
https://doi.org/10.1128/microbe.4.485.1
https://doi.org/10.23917/ijolae.v1i2.7564
https://doi.org/10.30863/ekspose.v1i1.752
https://doi.org/10.22146/jps.v2i1.23403
http://www.springer.com/series/13475
https://doi.org/10.1016/j.conb.2009.05.009
https://doi.org/10.1016/j.conb.2009.05.009
https://doi.org/10.17718/tojde.47374
https://doi.org/10.17718/tojde.47374
https://doi.org/10.47134/biology.v1i2.1956

Freitas, J., Thomas, K., DeScioli, P., & Pinker, S. (2019). Common knowledge, coordination, and
strategic mentalizing in human social life. Proceedings of the National Academy of Sciences of
the United States of America, 116(28), 13751-13758. https://doi.org/10.1073/pnas.1905518116

Germaine, R., Richards, J., Koeller, M., & Schubert-Irastorza, C. (2016). Purposeful use of 21st
century sKkills in higher education. Journal of Research in Innovative Teaching, 9(1), 2-17.

http://www.nu.edu/assets/resources/pageResources/journal-of-research-in-innovative-
teaching-volume-9.pdf#page=10

Giindiiz, A. Y., Alemdag, E., Yasar, S., & Erdem, M. (2016). Design of a problem-based online
learning environment and evaluation of its effectiveness. Turkish Online Journal of
Educational Technology, 15(3), 49-57.

Guo, P, Saab, N, Post, L. S., & Admiraal, W. (2020). A review of project-based learning in
higher education: Student outcomes and measures. International Journal of Educational
Research, 102(May), 101586. https://doi.org/10.1016/].ijer.2020.101586

Haiers, J. R. (2017). The Neuroscience of Intelligence. Cambridge University Press.

Hanifa, N. L., Akbar, B., Abdullah, S., & Susilo. (2018). Analysis of problem solving ability
of science class X students on environmental change material and its affecting factors.

Didaktika Biologi: Jurnal Penelitian Pendidikan Biologi, 2(2), 121-128. http://jurnal.um-
palembang.ac.id/index.php/dikbio

Helle, L., Tynjala, P., & Olkinuora, E. (2006). Project-based learning in post-secondary
education - Theory, practice and rubber sling shots. Higher Education, 51(2), 287-314.
https://doi.org/10.1007/s10734-004-6386-5

Hidayatulloh, R., Suyono, & Azizah, U. (2020). Analysis of high school students’ problem solving
skills on the topic of reaction rate. Jurnal Penelitian Pendidikan Sains, 10(01), 1899-1909.

Ichsan, I. Z., Sigit, D. V., Miarsyah, M., Ali, A., Arif, W. P, & Prayitno, T. A. (2019). HOTS-
AEP: Higher order thinking skills from elementary to master students in environmental
learning. European Journal of Educational Research, 8(4), 935-942. https://doi.org/10.12973/

eu-jer.8.4.935
Imania, Y. F., Marwoto, P., & Ellianawati, E. (2022). Pancasila student profiles in science

lessons and potential for strengthening by developing PjBL-Based E-Modules. Physics
Communication, 6(2), 37-42. https://doi.org/10.15294/physcomm.v6i2.36755
Insani, S. U., & Utami, R. W. (2016). Application of metacognition in improving students’

mathematical problem solving ability. Prosiding Dalam Seminar Nasional Matematika Dan
Pendidikan Matematika UNY, MP503-MP508.

Jagantara, I. W. M., Adnyana, P. B., & Widiyanti, N. P. (2014). The effect of project based
learning model on biology learning outcomes in view of learning styles of high school
students. E-Journal Program Pascasarjana Universitas Pendidikan Ganesha Program Studi
IPA, 4(1), 1-13.

Jayadiputra, E. (2023). The pancasila and civic education curriculum model at 21st century.
Jurnal Civics: Media Kajian Kewarganegaraan, 20(1), 65-74.

188 Pedagogika | 2025, t. 157, Nr. 1


https://doi.org/10.1073/pnas.1905518116
https://doi.org/10.1016/j.ijer.2020.101586
http://jurnal.um-palembang.ac.id/index.php/dikbio
http://jurnal.um-palembang.ac.id/index.php/dikbio
https://doi.org/10.1007/s10734-004-6386-5
https://doi.org/10.12973/eu-jer.8.4.935
https://doi.org/10.12973/eu-jer.8.4.935
https://doi.org/10.15294/physcomm.v6i2.36755

Juniati. (2017). Improving Mathematics learning outcomes through drill methods and group
discussions in class Vi Students. Journal Pendidikan Dan Kebudayaan, 3, 283-291.

Karmina, S. (2018). Indonesian teachers’ beliefs about cooperative learning. Asia Pacific Journal
of Education, Arts and Sciences, 5(2), 1-7.

Karmina, S., Dyson, B., Watson, P. W. S. J., & Philpot, R. (2021). Teacher implementation of
cooperative learning in indonesia: A multiple case study. Education Sciences, 11(5), 1-13.
https://doi.org/10.3390/educscil1050218

Kemendikbud. (2021). Teaching materials for pancasila student profile. Kementeri. Pendidik.
dan Kebud.

Kemendikbud. (2022a). Guidelines for the development of the pancasila learner profile
strengthening project. Ministry of Education and Culture.

Kemendikbud. (2022b). Pancasila learner profile strengthening project. Ministry of Education
and Culture.

Kemendikbudristek. (2022). Decree of the head of the education standards, curriculum, and
assessment agency of the ministry of education, culture, research, and technology number
009/H KR/2022 on the dimensions, elements, and elements of the pancasila learner profile
in the merdeka curriculum.

Kemmis, S., Altrichter, H., McTaggart, R., & Zuber-Skerritt, O. (2002). The concept of action
research. The Learning Organization, 9(3), 125-131.

Khasaia, L. (2016). Students’ attitude towards teaching models, 6(22), 137-140.

Kokotsaki, D., Menzies, V., & Wiggins, A. (2016). Project-based learning : a review of the
literature. Improving Schools, 19(3), 167-277.

Kollar, V., & Matusova, S. (2023). Selected aspects of education transformation. International
Scientific Conference — EMAN 2023, 7, 177-187. https://doi.org/10.31410/eman.2023.177

Kongmanus, K. (2016). Development of project-based learning model to enhance educational

media business ability for undergraduate students in educational technology and
communications program. Journal of Advances in Humanities and Social Sciences, 2(5),
287-296. https://doi.org/10.20474/jahss-2.5.5

Krajcik, J. S., & Shin, N. (2014). Project-based learning. The Cambridge Handbook of the Learning
Sciences, Second Edition, 275-297. https://doi.org/10.1017/CBO9781139519526.018

Luthfi, I. A., Robiatun Muharomah, D., Hendi Ristanto, R., & Miarsyah, M. (2019). Development
of problem solving ability test on environmental pollution issues. Jurnal Program Studi
Pendidikan Biologi, 9(2), 11-21.

Marliani, N. (2014). Utilization of household waste (inorganic waste) as a form of implementation

of environmental education. Jurnal Formatif, 4(2), 124-132.

Marzano. (1988). Dimensions of thinking: A framework for curiculum and instruction. Association
for supervision and curriculum Development.

Mayer, R. E. (2019). Problem solving. Oxford University Press.

Pedagogika | 2025, t. 157, Nr. 1 189


https://doi.org/10.3390/educsci11050218
https://doi.org/10.31410/eman.2023.177
https://doi.org/10.20474/jahss-2.5.5
https://doi.org/10.1017/CBO9781139519526.018

Mellisa. (2018). Analysis of problem solving ability of biology education study program students
in plant physiologycCourse 2015/2016 academic year. Journal Indonesian Biology Teachers,
1(2), 47-52.

Miles, & Huberman. (1992). Qualitative data analysis.PT Remaja Rosdakarya.

Moleong, L. J. (2007). Qualitative research methodology. PT Remaja Rosdakarya.

Monika, K. A. L., Suastika, I. N., & Sanjaya, D. B. (2023). The application of project based
learning based on tri hita karana local wisdom improves the attitude of Gotong Royong.
Dharmas Education Journal (DE_Journal), 4(1), 7-15. https://doi.org/10.56667/dejournal.
v4i1.890

Mook, A. (2019). Virtual reality based environment for immersive, hands-on learning. ACM
International Conference Proceeding Series, 9(2), 1-4. https://doi.org/10.1145/3332186.3338099

Mourtos, N., Okamoto, N., & Rhee, J. (2004). Defining, teaching, and assessing problem solving
skills. 7th UICEE Annual Conference on February 2004, 9-13. http://ae.sjsu.edu/files/public/
nikos/backup/pdf/UICEE 04 Mumbai.pdf

Murniarti, E. (2014). Application of project based learning method. Universitas Kristen Indonesia.

Nepal, K. P,, & Jenkins, G. (2011). Blending project-based learning and traditional lecture-
tutorial-based teaching approaches in engineering design courses. AAEE Conference
Fremantle Western Australia, 338-343. https://research-repository.griffith.edu.au/
handle/10072/46601

Nja, C. O., Anari, M. L, Erim, C. M., Idiege, K. J., Ilhami, A., Ukah, J. U,, Eneyo, O. E., Uwe, U. E.,
& Cornelius-Ukpepi, B. U. (2023). Learning space, students’” collaboration, educational

outcomes, and interest: Exploring the physical, social and psychological mediators. Heliyon,
9(4), e15456. https://doi.org/10.1016/j.heliyon.2023.e15456
Noppitasari, N. (2023). Implementation of pancasila student profile dimensions of gotong royong

in mathematics Learning Class IV SD Negeri Karangasem IV Surakarta. Universitas Sebelas
Maret. https://digilib.uns.ac.id/dokumen/detail/105695/
Nur Bintari, P., & Darmawan, C. (2016). The role of youth as the successor of sambatan tradition

in the framework of Gotong Royong character building. Jurnal Pendidikan Ilmu Sosial,
25(1), 57-68. https://doi.org/10.17509/jpis.v25i1.3670
Nurmamatova, Z. (2021). The formation of highly qualified personnel is the goal of the

educational process. Society and Innovations, 6, 26-29.

OECD. (2018). The future of education and skills: Education 2030. OECD Education Working
Papers, 1-23. http://www.oecd.org/education/2030/E2030%0APosition%0APaper%
0A(05.04.2018).pdf

Pheeney, C. (2015). Professional ‘Gotong Royong’ mentoring in education. International Seminar

& Workshop on Mentoring and Career Counselling.

Pinel, J. (2000). Biopsychology (4th ed.). Pearson Education Company.

Posamentier. (2015). Teaching secondary mathemathics techniques and enrichment units.
University of New York.

190 Pedagogika | 2025, t. 157, Nr. 1


https://doi.org/10.56667/dejournal.v4i1.890
https://doi.org/10.56667/dejournal.v4i1.890
https://doi.org/10.1145/3332186.3338099
http://ae.sjsu.edu/files/public/nikos/backup/pdf/UICEE%2004%20Mumbai.pdf
http://ae.sjsu.edu/files/public/nikos/backup/pdf/UICEE%2004%20Mumbai.pdf
https://research-repository.griffith.edu.au/handle/10072/46601
https://research-repository.griffith.edu.au/handle/10072/46601
https://doi.org/10.1016/j.heliyon.2023.e15456
https://digilib.uns.ac.id/dokumen/detail/105695/
https://doi.org/10.17509/jpis.v25i1.3670
http://www.oecd.org/education/2030/E2030%0APosition%0APaper%0A(05.04.2018).pdf
http://www.oecd.org/education/2030/E2030%0APosition%0APaper%0A(05.04.2018).pdf

Puryono. (2020). Efforts to improve civics learning outcomes through the application of a
group learning model of disassembly for grade v elementary school students. JPI (Jurnal
Pendidik. Indones. J. Ilm.Pendidik, 6(3), 82-87.

Rahmawati, D,, Sajidan, S., & Ashadi, A. (2018). Analysis of problem solving skill in learning
biology at senior high school of Surakarta. Journal of Physics: Conference Series, 1006(1),
1-5. https://doi.org/10.1088/1742-6596/1006/1/012014

Rohmah, S. N., Waluya, S. B., Rochmad, & Wardono. (2020). Project based learning to improve
student learning activeness. Journal of Physics: Conference Series, 1613(1), 1-5. https://doi.
0rg/10.1088/1742-6596/1613/1/012079

Sadiman. (2014). Understanding, development and utilization of media. Rajawali Press.

Sajidan, & Afandi. (2018). Empowerment of higher level thinking skills in view of epigenetic
aspects and its implications in education. Seminar Nasional IPA IX 1 Universitas Negeri
Semarang, October, 1-10. http://ipa.unnes.ac.id/wp-content/uploads/2018/04/Artikel-Prof.-
Sajidan-Semnas-IPA-2018.pdf

Saputra. (2016). Comparison of the effect of general clustering and Fuzzy K-Means clustering

techniques on the benefits of STAD type cooperative learning. Prosiding Seminar Nasional
Matematika, 1(1), 242-258.

Sasmita, L., Tayeb, T., Mattoliang, L. A., Abrar, A. L. P., & Mardhiah, M. (2021). Effectiveness of
Project Based Learning (Pbl) Model in Improving Mathematical Problem Solving Ability. Al
Asma : Journal of Islamic Education, 3(2), 242-249. https://doi.org/10.24252/asma.v3i2.24406

Shelviana, A. S., Sunarno, W., & Suharno. (2020). A needs analysis of problem-based physic

modules of senior high school. ACM International Conference Proceeding Series, 1-5. https://
doi.org/10.1145/3452144.3453734
Siradjuddin, Z. (2023). Innovation on mutual cooperation culture (Gotong Royong)

implementation for house development. International Review for Spatial Planning and
Sustainable Development, 11(3), 172-191. https://doi.org/10.14246/irspsd.11.3 172
Sitompul, E., Dhieni, N., & Hapidin, H. (2022). ). Gotong Royong character in sema learning
package. Jurnal Obsesi : Jurnal Pendidikan Anak Usia Dini, 6(4), 3473-3487. https://doi.
org/10.31004/obsesi.v6i4.1674
Sudijono, A. (2015). Introduction to education evaluation. Thema Publishing.

Sudrajat, & Hernawati. (2021). Learning models module. Pusdiklat Tenaga Teknis Pendidikan
dan Keagamaan Kementrian Agama RIL

Sugiyono. (2017). Educational research methods quantitative, qualitative, and R&D approaches.
Alfabeta.

Suherman. (2003). Evaluation of mathematics learning for prospective teachers and students of
prospective mathematics teachers. Jurusan pendidikan Matematika FPMIPA UPIL

Teng, M. F,, Putra, Y. K., Ilham, M., & Pratama, W. A. Y. (2020). How much does distance
learning affect social life and psychology of growing adolescent. Bulletin of Social Informatics
Theory and Application, 4(2), 52-58. https://doi.org/10.31763/businta.v4i2.289

Pedagogika | 2025, t. 157, Nr. 1 191


https://doi.org/10.1088/1742-6596/1006/1/012014
https://doi.org/10.1088/1742-6596/1613/1/012079
https://doi.org/10.1088/1742-6596/1613/1/012079
http://ipa.unnes.ac.id/wp-content/uploads/2018/04/Artikel-Prof.-Sajidan-Semnas-IPA-2018.pdf
http://ipa.unnes.ac.id/wp-content/uploads/2018/04/Artikel-Prof.-Sajidan-Semnas-IPA-2018.pdf
https://doi.org/10.24252/asma.v3i2.24406
https://doi.org/10.1145/3452144.3453734
https://doi.org/10.1145/3452144.3453734
https://doi.org/10.14246/irspsd.11.3_172
https://doi.org/10.31004/obsesi.v6i4.1674
https://doi.org/10.31004/obsesi.v6i4.1674
https://doi.org/10.31763/businta.v4i2.289

The George Lucas Educational Foundation. (2005). Instructional module project based learning.
The George Lucas Educational Foundation.

Thomas, Selvadurai, Lyndon, & Moorthy. (2011). Factors influencing commitment of volunteers’
in neighborhood watch organization. Journal of Social Sciences, 7(4), 569-574. https://doi.
0rg/10.3844/jssp.2011.569.574

Triansyah, Atmaja, Abdurrochim, & Bafadal. (2020). Increasing the character of caring and

cooperation in learning athletic courses. Journal Pendidikan Jasmani Indonesia, 16(2),
145-155.

Trianto. (2014). Integrated learning model (6th ed.). Bumi Aksara.

Trimuliana, I, Dhieni, N., & Hapidin, H. (2019). Religious behavior of 5-6 year old children
at character model PAUD. Jurnal Obsesi : Jurnal Pendidikan Anak Usia Dini, 3(2), 570-577.
https://doi.org/10.31004/obsesi.v3i2.251

Unayah. (2017). Gotong royong as social capital in handling poverty. Sosio Informa, 3(1), 49-58.
https://doi.org/10.33007/inf.v3i1.613

Utomo. (2020). Developing a learning model. Bildung.

Weaver, C. G. L. (2011). Toward an understanding of the dynamic interdependence of genes and
environment in the regulation of phenotype nurturing our epigenetic nature. In A. Petronis
&J. Mill. (Ed). Brain, behaviour, and epigenetics, 209-243. Springer Science+Bussiness Media.

Wena. (2014). Contemporary innovative learning strategies. Bumi Aksara.

Yusuf, A. M. (2014). Research methods: Quantitative, qualitative & combined research.
Prenadamedia Group.

192 Pedagogika | 2025, t. 157, Nr. 1


https://doi.org/10.3844/jssp.2011.569.574
https://doi.org/10.3844/jssp.2011.569.574
https://doi.org/10.31004/obsesi.v3i2.251
https://doi.org/10.33007/inf.v3i1.613

Projektinis mokymasis aplinkosaugos srityje: ar tai gali
pagerinti besimokanciujy problemuy sprendimo jgudzius ir
tarpusavio bendradarbiavima

Windasari Apriwijayanti'’, Sajidan’, Dwi Oetomo®, Idam Ragil Widianto Atmojo*

Sebelas Maret universitetas, Mokytojuy rengimo ir ugdymo fakultetas, Biologijos edukologijos katedra, JI. Ir. Sutami

nr. 36, Kentingan 57126, Surakarta, Centriné Java, Indonezija, windasariapriwijaya4@student.uns.ac.id
Sebelas Maret universitetas, Mokytojy rengimo ir ugdymo fakultetas, J1. Ir. Sutami nr.36, Kentingan 57126,

Surakarta, Centriné Java, Indonezija, sajidan_fkip@staff.uns.ac.id
Sebelas Maret universitetas, Mokytojy rengimo ir ugdymo fakultetas, J1. Ir. Sutami nr. 36, Kentingan 57126,

Surakarta, Centriné Java, Indonezija, dwioetomo@staff.uns.ac.id
Sebelas Maret universitetas, Mokytojy rengimo ir ugdymo fakultetas, J1. Ir. Sutami nr. 36, Kentingan 57126,

Surakarta, Centriné Java, Indonezija, idamragilwa@staff.uns.ac.id

Santrauka

Indonezijos Surakartos 3-osios vidurinés mokyklos X klasés vyresniyjy mokiniy problemy
sprendimo jgiidziai ir abipusis bendradarbiavimas vis dar yra nepakankamo lygio. Siuo tyrimu
siekiama jvertinti projektinio mokymosi modelio taikyma tyrinéjant aplinkai tarsias medziagas,
kad buty patobulinti mokiniy problemy sprendimo jgtadziai ir tarpusavio bendradarbiavimas.
Sio tipo tyrimas yra grupés veiksmy tyrimas, atliktas Surakartos 3-iojoje vidurinéje mokykloje,
Indonezijoje. Tyrime dalyvavo Surakartos 3-iosios vidurinés mokyklos X klasés vyresnieji
mokiniai. Pasirinkta X-2 imtis. Tyrimo procedura apémé planavima, veiksmus, stebéjimg ir
refleksija. Duomenims rinkti ir tyrimui atlikti buvo naudojami problemy sprendimo jgadziy
klausimynai ir testai, tarpusavio bendradarbiavimui tirti klausimynai, testai, stebéjimo lapai,
mokiniy socialinés saveikos stebéjimo lapai, mokytojy reakcijy stebéjimo lapai, interviu lapai,
dokumentacija. Duomenys patvirtinti naudojant trianguliacijos metoda. Rezultatai atskleidé,
kad problemy sprendimo jgudziy testy balai pasikeité, t. y. padidéjo (nuo 53 proc. pries cikla iki
86 proc. II cikle). Visi problemy sprendimo jgudziy ir tarpusavio bendradarbiavimo aspektai
II cikle buvo jgyvendinti. Darytina i§vada, kad projektinio mokymosi modelio taikymas gali
pagerinti Surakartos 3-osios vidurinés mokyklos X-2 klasés mokiniy problemy sprendimo
igudzius ir tarpusavio bendradarbiavima.

Esminiai zodziai: klasés veiklos tyrimas, projektinis mokymasis, problemy sprendimo
igudziai, tarpusavio bendradarbiavimas, aplinkos tarsa.
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