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INTRODUCTION

The 2013 curriculum is one of the curricula used in the education system in
Indonesia, especially when this research was conducted. Siregar & Amrizal (2018)
stated that the 2013 Curriculum has several characteristics, including learning activities
using a scientific approach, emphasizing more on developing attitudes, knowledge,
and training skills in an integrated manner. In this curriculum, students are required to
be active in the learning process, and teachers act as facilitators. Furthermore,
Herawati (2018) in her research on teacher perceptions of the 2013 curriculum, 100%
of participants agreed with and recognized the advantages of the 2013 curriculum, but
only 50% were able to apply it consistently in learning activities. Mukminin (2022)
stated that there is a significant influence of the implementation of the 2013 curriculum
and teacher performance on the learning outcomes of didi participants.

Learning outcomes are obtained by students after following the learning process,
which is divided into cognitive, affective, and psychomotor aspects. This is in line with
Alamsyah (2021)explaining learning outcomes as an assessment of the results that
have been achieved by students obtained from the efforts of learning activities
assessed over a certain period. Education today does not only focus on learning
outcomes; it must also pay attention to skills that support the progress of human
resources in accordance with the development of science and technology that occurs
in the 21st century.

The development of science and technology in the 21st century is growing so
rapidly that it affects human life, especially in the field of education. The US-based
Apollo Education Group identifies 21st century skills that include critical thinking,
communication, leadership, collaboration, adaptability, productivity and accountability,
innovation, global citizenship, entrepreneurial ability and spirit, and the ability to
access, analyze, and synthesize information (Zubaidah, 2016). One of the 21st century
skills that needs to be developed is collaboration. Collaboration skills are part of the
4C skills (critical thinking, creative thinking, communication, and collaborative skills)
that need to be trained and developed (Kurniahtunnisa & Wowor, 2022).

Collaboration skills are crucial in the learning process because they aim to enable
students to work together in groups to solve problems together (Pramudiyanti et al.,
2020). Then, collaboration involves the division of tasks, and everyone has
responsibility for doing the work to achieve a common goal. According to Greenstein
(in Cahyati, 2019) collaboration skills are the ability to work together effectively, show
respect to different team members, train skills, and have the willingness to make
decisions necessary to achieve common goals.

Based on the results of observations that have been made at SMA Negeri 8
Tasikmalaya through interviews with biology class X MIPA teachers on November 15,
2022 and direct observation of the learning process in classes X MIPA 1 and 2, the
following results were obtained: The average scores of students in each biology
teaching material have different averages. One of them is in the ecosystem material
for the 2021/2022 school year, which has an average value of learning outcomes of
70, while the KKM (Minimum Completeness Criteria) value that must be achieved by
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students is 75. So that participants who have scores below KKM (Minimum
Completeness Criteria) are given a remedial opportunity. As for the learning process
in the classroom, teachers have used direct instruction and discovery learning models,
but the implementation has not been optimal. The learning process has carried out
learning in groups but has not optimally led to collaboration skills, which is shown by
the presence of students who have difficulty conveying arguments, communicating
discussion results, asking questions, and answering questions.

One concept in biology that can give rise to collaboration skills is ecosystem
material. Ecosystem material in the discussion is related to everyday life, which
includes biotic and abiotic components, interactions between organisms, and
biogeochemical cycles. Through the Project-Based Learning (PjBL) model, ecosystem
materials allow project-based learning to be carried out, which will make it easier for
students to be able to understand it collaboratively. This is in accordance with KD. 4.10
in the 2013 Curriculum applied at SMA Negeri 8 Tasikmalaya, which requires students
to create works that show interactions between ecosystem components and are done
in groups (collaboratively).

Several studies related to the project-based learning (PjBL) model have had a
positive impact on the learning process. Hamidah (2021) conducted research on the
effectiveness of the project-based learning (PjBL) model on learning outcomes. The
results of her research stated that the project-based learning model was effective in
improving student learning outcomes. Saenab (2019) in his research on the influence
of the project-based learning (PjBL) model on the collaboration skills of science
education students, found that the results of the inferential test show the influence of
the project-based learning (PjBL) model on student collaboration skills. Some previous
research has focused on the effect of the project-based learning (PjBL) model on
learning outcomes and collaboration skills separately. This study focuses on the
influence of the project-based learning (PjBL) model on the learning outcomes and
collaboration skills of students.

In line with the background of the problem, researchers tried to conduct research
by applying the project-based learning (PjBL) model to determine the effect of the P|BL
model on the learning outcomes and collaboration skills of students. The existence of
this research is expected to improve the learning outcomes and collaboration skills of
students and be useful for readers in improving the quality of education.

METHOD
The method used in the study, namely the Quasi experiment with the design of
the matching-only posttest-only control group design from Fraenkel et al (2012) can
be seenin Table 1.
Table 1. Research Design

M1 X (O]}

M, C (O]

(Source: Fraenkel et al., 2012)
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Information:

M1 : Experimental class group

M2 : Control class group

X : Experimental class using the Project-Based Learning (PjBL) model
C : Control class using the Discovery Learning model

O1 : Post-test experimental class

O2 : Post-test control class

The population in the study is the entire class X MIPA SMA Negeri 8 Tasikmalaya
Academic Year 2022/2023. The study population amounted to 186 students, consisting
of 5 classes of X MIPA, namely X MIPA 1 to X MIPA 5. The sampling technique uses
purposive sampling, which is based on teachers of the same subjects with the same
learning activity and learning outcomes that are not much different, so they have the
same characteristics. The selection of control classes and experimental classes is
carried out randomly. The sampling results were declared X MIPA 4 as an experimental
class with a total of 37 people and X MIPA 1 as a control class with a total of 35 people.
The learning control class uses the discovery learning model, while the experimental
class uses the project-based learning (PjBL) model. Data collection from post-test
scores using learning outcomes tests (which are limited to cognitive processes) and
non-tests in the form of Collaboration Self-Assessment Tool (CSAT) questionnaires

The test instrument is in the form of multiple-choice questions—as many as 30
guestions—that are limited to the cognitive processes of remembering (C1),
understanding (C2), applying (C3), analyzing (C4), and evaluating (C5) and
dimensions of factual (K1), conceptual (K2), and procedural (K3) knowledge.
Meanwhile, the non-test used the Collaboration Self-Assessment Tool (CSAT)
guestionnaire with a total of 44 statements, which were validated by experts (expert
judgment) and readability validated by 3 students of grade X MIPA 1 SMA Negeri 8
Tasikmalaya. As for the 44 statements, there were improvements in sentence structure
on indicators of contribution, quality of work, time management, problem solving, group
dynamics, flexibility, and reflection. The research data were analyzed with the help of
IBM SPSS 26 software. The prerequisite analysis tests included normality tests with
the Kolmogorov-Smirnov test and homogeneity tests with the Levene test at
significance level (a) 0.05. Test the hypothesis using the one-way ANOVA test at a
significance level (a) of 0.05, both partially and simultaneously. The anova test is used
to determine the average difference between the two groups. The hypotheses in this
study are as follows:

Ho : There is no influence of the project based learning (PjBL) model on learning
outcomes and student collaboration skills on ecosystem materials;
Ha : There is an influence of the project-based learning (PjBL) model on learning

outcomes and student collaboration skills in ecosystem materials.;
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RESULTS AND DISCUSSION
The Effect of a Project-Based Learning Model on Learning Outcomes and
Collaboration Skills

Project-Based Learning (PjBL) is a teaching and learning strategy in which
students engage in productive projects to solve community or environmental problems
(Putri & Zulyusri, 2022). The results prove that the project-based learning (PjBL) model
has an influence on the learning outcomes and collaboration skills of students. Based
on the results of simultaneous data analysis, sig values are obtained. 0.000 (0.000<
0.05) with a calculated F value of 14.475 > F table 3.12, which means that Ho is
rejected and Ha is accepted, or simultaneously, there is an influence of the project-
based learning (PjBL) model on learning outcomes and student collaboration skills on
ecosystem material in class X MIPA SMA Negeri 8 Tasikmalaya Academic Year
2022/2023. The average learning outcomes and collaboration skills of the experimental
class and the control class are stated in Figure 1.
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Figure 1. Average scores of learning outcomes and collaboration skills in experimental and
control classes

Based on Figure 1, it is known that the average difference in learning outcomes
and collaboration of students in experimental classes whose learning uses the project-
based learning (PjBL) model has a higher average score of 16.06 for learning
outcomes and 31.19 for collaboration skills compared to the average score of the
control class using the discovery learning model of 14.46 for learning outcomes and
28.63 for collaboration skills. The difference in average scores indicates that there is
an influence of the project-based learning (PjBL) model on student learning outcomes
and collaboration skills.

The existence of this influence is because, in using the project-based learning
(PjBL) model, students are given the opportunity to actively participate in learning
through projects, thus affecting learning outcomes and student collaboration skills. In
line with Na'imah (in Roziqin et al., 2018) the project-based learning (PjBL) model
provides opportunities for students to actively participate in learning so as to give a
pleasant impression and can improve learning outcomes and collaboration skills.
According to Aini (2018) the project-based learning (PjBL) model can create an
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interesting and fun learning atmosphere because students determine the project to be
made and take responsibility for completing it.

The results of this study are in line with Khanifah's research (2019) which states
that the use of the project-based learning (PjBL) model affects learning outcomes and
collaboration skills, as shown by the results of hypothesis testing. The calculated f
value is greater than the table f value (7,259 > 2,920), and the significance value is
smaller than the a value (0.002 < 0.05), because with project-based learning (PjBL),
students are given the opportunity to find concepts or understanding through examples
encountered in everyday life. Apriliani (2018) stated that learning using the project-
based learning (PjBL) model affects learning outcomes because it is able to stimulate
students to work together with other group members through projects made so that
students gain knowledge from others. Saenab (2019) suggests that there is an
influence of the project-based learning (PjBL) model on improving collaboration skills
because activities in the PjBL model are able to make students respect each other,
agree, find solutions, and achieve the goals of project implementation.

As for the implementation of research, it has been carried out in accordance with
research procedures. However, the average difference in learning outcomes was 2.14,
and the average difference in collaboration skills was 2.56. This means that the
difference in average scores has a small difference, so learning outcomes and
collaboration skills can still be improved again considering the project-based learning
(PjBL) model has several weaknesses in terms of time, cost, and other supporting
facilities. Zulhana (2017) project-based learning (PjBL) model has several
disadvantages, namely requiring a lot of time to solve problems and produce products,
requiring sufficient costs, requiring skilled and willing teachers to learn, and requiring
adequate facilities, equipment, and materials.

Based on this description, it can be concluded that the project-based learning
(PjBL) model can be one of the learning models that can be used to train and improve
the learning outcomes and collaboration skills of students. This is shown by the Anova
test, and the average score obtained on learning outcomes and collaboration skills for
the experimental class is higher than that of the control class. Learning outcomes and
collaboration skills still need to be improved, considering that the project-based
learning model has several weaknesses.

The Effect of a Project-Based Learning Model on Learning Outcomes

Learning outcomes are essentially obtained by students after going through
learning experiences. This study used a test instrument in the form of a compound
choice of 30 questions to measure learning outcomes. The data tested were the
posttest scores for the experimental class and the control class. Based on the results
of data analysis using the one-way anova test with the help of IBM SPSS 26 software,
a significance value of 0.020 (0.020<0.05) was obtained, meaning that HO was rejected
and Ha was accepted, or there was an influence of the project-based learning (PjBL)
model on student learning outcomes on ecosystem material in class X MIPA SMA
Negeri 8 Tasikmalaya for the 2022/2023 academic year.
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The existence of this influence is because students whose learning process uses
the project-based learning (PjBL) model have the ability to construct knowledge and
apply it through the projects they make. In line with Panjaitan (2019) which suggests
that the project-based learning model allows students to carry out learning activities
that support the knowledge construction process. Hamidah (2021) With project-based
learning, students are given the opportunity to explore and discover through
investigation and project creation. So that students have meaningful experiences that
can increase their understanding of the material learned. Therefore, learning outcomes
become better. The following is the score obtained from the learning outcomes of the
experimental class and the control class (Fig. 2).
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Figure 2. Bar chart of average learning outcomes score

Figure 2 shows the average posttest score of experimental and control class
learning outcomes, with an ideal score of 1. It is known that the highest score of the
experimental class and the highest score of the control class are found on the same
indicator, namely remembering (C1). The experimental class obtained a recall score
(C1) of 0.68, and the control class obtained a recall score (C1) of 0.55. Meanwhile, the
lowest score of the experimental class was found in the evaluating indicator (C5) at
0.41. While the lowest score of the control class is found in the applying indicator (C3)
of 0.38, As for the indicators of understanding (C2) and evaluating (C5), the control
class is superior to the experimental class. The control class's understanding indicator
(C2) obtained a score of 0.55, and the evaluating indicator (C5) obtained a score of
0.42.

Based on this, posttest learning outcomes conducted in the experimental class
and control class obtained the highest average score on the recall indicator (C1). This
shows that the use of project-based learning (PjBL) and discovery learning models has
an impact on the ability of cognitive processes to remember (C1). Anderson & Kratwohl
(2017) the ability to remember (C1) is a cognitive process in the category LOTS (Lower
Order Thinking Skill). Recall indicators include the processes of remembering
(recalling) and recognizing (recognizing). Nabilah (2020) some mistakes students
make in answering questions on the remembering indicator (C1) because students do
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not understand the concept and they forget the material tested because it has been far
passed.

The indicator with the lowest average score on the experimental class posttest
was the evaluating indicator (C5) at 0.41. A low ability to evaluate can be caused by
the inability of students to assess a statement. In addition, it can be caused because
students are accustomed to obtaining knowledge from teachers and are not used to
being independent in finding knowledge. Rochman (2018) students who are not used
to acquiring knowledge independently affect their ability to assess a statement. Afriani
(2022) students are said to have the skill to evaluate if they are able to understand the
meaning of the statement and provide the right reasons for choosing answers.

The lowest average score in the control class was found in the applying indicator
(C3) at 0.38. This shows that students are not used to using a procedure and carrying
it out when solving problems. Anderson & Kratwohl (2017) argue that applying includes
the process of executing and explaining. According to Nabilah et al. (2020), there are
several mistakes that occur in students when working on applying questions (C3),
including misunderstanding and translating problems so that students go through the
stages of solving, errors in using concepts, and errors in calculating problem solving.

The other learning outcome indicators are the understanding indicator (C2) of the
control class, which is superior to the experimental class with a score of 0.55. Higher
comprehension scores (C2) indicate the ability of students to construct meaning
(understanding). Anderson & Kratwohl (2017) Understanding indicators include the
cognitive processes of interpreting, giving examples, classifying, comparing, and
explaining. As for the implementation of learning in the control classroom using the
discovery learning model, students are accustomed to working on LKPD (student
worksheets), which stimulate students to interpret, give examples, compare, and
explain the material. According to Nabilah(2020), student errors in the understanding
indicator (C2) can be caused by students forgetting the material that has been learned.

The evaluating indicator (C5) in the control class obtained a higher average score
compared to the experimental class of 0.41. Higher evaluation scores indicate the
ability of students to determine a consideration and assess a statement. Anderson &
Kratwohl (2017) evaluate indicators, which include cognitive processes of examining
and critiquing. In the learning process in the control class, students are accustomed to
examining and assessing a statement. In discovery learning, students look for various
sources of information and check them to answer questions in LKPD (Student
Worksheets).

Based on data obtained from the results of learning outcomes research, it is
known that the project-based learning (PjBL) model has an influence on student
learning outcomes. The highest score in the experiment and control classes was found
on the recall indicator (C1). Meanwhile, the lowest score of the experimental class is
found in the evaluating indicator (C5). While the lowest score of the control class is
found in the applying indicator (C3), when viewed as a whole, the experimental class
that uses a project-based learning model is superior to three indicators, namely
remembering (C1), applying (C3), and analyzing (C4). Meanwhile, the indicators of
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understanding (C2) and evaluating (C5) in the experimental class tend to be lower than
those in the control class.

The Effect of a Project-Based Learning Model on Collaboration Skills

This research shows that the project-based learning (PjBL) model influences
student collaboration skills. Based on the results of the hypothesis test data analysis
using One Way Anova with the help of IBM SPSS 26, a significance value of 0.046
was obtained, so the conclusion of the hypothesis obtained was that Ho was rejected
and Ha was accepted because 0.046 < 0.05. This means that there is an influence of
the project-based learning (PjBL) model on the collaboration skills of students in class
X MIPA SMA Negeri 8 Tasikmalaya for the 2022/2023 academic year.

This influence is because students whose learning process uses the project-
based learning (PjBL) model are accustomed to collaborating on projects and are
actively involved in learning. This is in line with the George Lucas Educational
Foundation (in Nurohman, 2015) that project-based learning Project-based learning
provides opportunities for students to collaborate in exploring content (material) in
various meaningful ways. Meilinawati (in Alfaeni et al., 2022), namely the application
of the project-based learning (PjBL) model, can improve collaboration skills and the
guality of learning carried out by students. The acquisition of questionnaires on the
collaboration skills of the experimental class and the control class can be seen in
Figure 3.
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Figure 3. Average bar chart of collaboration skills
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Figure 3 is the average score of the CSAT (Collaboration Self-Assessment Tool)
experimental class and control class, with an ideal score of 1. It is known that the
highest score of the experimental class is found in the interaction and flexibility
indicator, with a score of 0.78. While the highest score of the control class was found
in the time management indicator with a score of 0.72, meanwhile, the lowest score of
the experimental class was found in the group support indicator, with a score of 0.62.
While the lowest score of the control class was found in the reflection indicator with a
score of 0.60, as for the indicators of contribution, group support, and preparation, it
was seen that the control class obtained higher scores than the experimental class.
The contribution indicator of the control class obtained a score of 0.67. The support
indicator of the control class group obtained a score of 0.64. The control class
preparation indicator obtained a score of 0.68.

The highest average achievement of the experimental class was found in the
interaction and flexibility indicator, with the same average score of 0.78. This is
because experimental classes using the project-based learning (PjBL) model can
stimulate students to interact with each other in making projects and train students'
adaptability (flexibility) in leading and being led during project work. Ofstedal (2009)
flexibility leads to the ability or flexibility of learners in the role of leaders or followers
when in a group. Interaction is the ability to respect, listen, acknowledge, and support
colleagues in a group. Nasehudin (in Qisthi & Diella, 2021) says that to form good
interactions between teachers and students, students with students, and students with
material, elements of communication are needed.

Meanwhile, in the control class, the highest average collaboration score was
found in the time management indicator of 0.72. This is because the control class uses
a discovery learning model so that the learning stages and phases are more structured
and students are accustomed to completing tasks on time. Ofstedal (2009) defines
time management as the ability of learners to manage their time and be responsible
for completing tasks on time. The high ability to collaborate on time management
indicators is related to the ability of students to function. Dewi (2020) defines
functioning as the ability of students to manage group activities when doing tasks and
establish effective working relationships because it can be done on the same day.

Furthermore, the lowest average score of the experimental class was found in
the group support indicator, with a score of 0.62. Ofstedal (2009) says group support
relates to the ability of learners to support efforts made by colleagues in a group. Low
group support can be caused because students are not used to creating cooperative
groups, so the support from group colleagues is not so good. According to Dewi (2020),
the ability of students to create cooperative groups affects their collaboration skills. As
for the learning process, group formation is carried out randomly by counting.

Meanwhile, the control class's lowest average collaboration score was on the
reflection indicator, with a score of 0.60. Low reflection scores are related to the ability
of students to evaluate the sustainability of group work and group work results.
Sandars (2009) says that reflection in the context of education has a meaning as a
process of rethinking so that it can be interpreted or analyzed. Rahman (2014) says
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that reflection has the potential to stimulate one's emotional self-awareness in a good
way. As a result, a person is more likely to enter feelings. Emotions, needs, and values
that reside in him so that he becomes a better self.

The results of other collaboration skill indicators, such as contribution indicators,
in the experimental class obtained a score of 0.64, while the control class obtained a
score of 0.67. This means that the contribution indicator of the control class is superior
to that of the experimental class. The low contribution to experimental classes can be
caused by students not being accustomed to sharing ideas, information resources, and
resources that are owned through project-based learning. Ofstedal (2009) Contribution
indicators lead to the ability to share ideas, information, and resources with colleagues
in a group. Suciani (2018) is one of the reasons students are less active in contributing
because they have difficulty sharing ideas, information sources, and resources they
have. In addition, contributions can be influenced by the ability of students to function
in groups, which includes dividing tasks and completing them.

The experimental class preparation indicator obtained a score of 0.66, while the
control class obtained a score of 0.68. This means that control class students have
good preparation before starting learning. In the learning process using discovery
learning, students are easier to prepare because what needs to be prepared is more
than the tools and materials commonly used in learning activities. This is different from
the learning process using project-based learning, which is more complex, so often the
tools that will be used are not brought in (left behind). This affects students in choosing
statements on the preparation indicators. Ofstedal (2009) argues that preparatory
indicators lead to the ability of learners to prepare the tools and materials needed.
Apriono (in Dewi, 2022)preparation can be influenced by the ability of learners to
manage group activities.

The control class learner group support indicator was superior to the experimental
class by 0.64. Higher scores on the group support indicator indicate that control-class
learners have the ability to support other colleagues in the group. This can be caused
because in the learning process using discovery learning, the division of tasks is more
in the context of how to complete the LKPD (student worksheet) and present the
answers from the LKPD that have been completed, in contrast to the experimental
class learning process, which uses a project-based learning model whose activities
are more complex and continuous, and sometimes students feel the absence of group
support. This affects the answers to student questionnaires on group support
indicators. Dewi (2020) suggests that group support can be influenced by the ability of
learners to function or manage groups, which includes effective division of tasks and
work relationships. In addition, group support can be influenced by group formation
that is carried out randomly (by counting), so that group formation is not in accordance
with the wishes of students.

Based on the data obtained from the results of the study, it shows that there is an
influence of the project-based learning (PjBL) model on collaboration skills. The
highest score of the experimental class was found on the indicators of interaction and
flexibility. The highest score of the control class is found on the time management
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indicator. Meanwhile, the lowest score of the experimental class was found on the
group support indicator. The lowest score of the control class is found on the reflection
indicator. When viewed as a whole, the experimental class is superior to eight
indicators, namely motivation/participation, work quality, time management, problem
solving, group dynamics, interaction, flexibility, and reflection. Meanwhile, the
indicators of contribution, group support, and preparation of experimental class
students tend to be lower.

CONCLUSION AND RECOMENDATION

Based on the results of research, data processing, and hypothesis testing,
partially and simultaneously, Reject Ho and Accept Ha or there is an influence of the
project-based learning (PjBL) model on the learning outcomes and collaboration skills
of students in class X MIPA SMA Negeri 8 Tasikmalaya Academic Year 2022/2023.

For future researchers, it is expected to continue research on the use of project-
based learning models on other materials, combined with the use of other media/
applications, to be more optimal. In addition, there needs to be further development of
products made by students so that the projects made are not wasted and can be used
further.
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