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Abstract

Critical Thinking Skills (CTS) and student learning independence are two things related to the learning process.
The low independence of student learning affects critical thinking skills in solving a learning problem. A
project-based learning model can improve critical thinking skills and independent learning. This study aims to
analyze the application of the PjBL model to manufacture colloids to improve students' critical thinking skills
and independent learning at MAN 1 Banda Aceh. The type of research used is quasi experimental. The samples
of this study were students of natural science two 11t grade as control class and students of natural science
four 11t grade as experimental class, which had normal distribution and had the same variance. The
instruments of this research are the CTS test questions and learning independence questionnaires. The results
show that applying the PjBL model can improve critical thinking skills (CTS) with an average N-gain value in
the medium category, then the CBC analysis of indicators is in the high category. The results of testing the CTS
hypothesis for experimental class and control class students are also significantly different, meaning that the
CTS model can improve students’ critical thinking skills. The analysis of student learning independence results
obtained an average score of N-gain, including the medium category. The results of the hypothesis test of
student learning independence in the experimental and control classes are also significantly different, meaning
that the PjBL model can increase learning independence. The results obtained prove that the PjBL model can
improve CTS and learning independence better than in the control class.
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applications in everyday life. This is in
accordance with Permendikbud (minister of

1. Introduction

Chemistry covers everything about matter
which includes composition, structure and
properties, changes, dynamics, and energy of
substances that require skills and reasoning in
studying them (Kharismawan et al,, 2018). One
of the chemistry learning materials taught in
schools is colloids. Colloidal material is a
chemistry subject that is given in natural
science 11t grade senior high school which
has a lot of memorization (Fajri et al,, 2012). In
addition, the characteristics of this material are
mostly in the form of concepts that have many

education and culture) number 24 of 2016
concerning Basic Competencies that students
must have in colloid materia, namely
classifying various types of colloid systems,
and explaining the uses of colloids in daily life
based on their properties and making food or
other products in the form of colloids or
involves the colloidal principle.

However, based on the results of observations
and interviews with several teachers at MAN 1
Banda Aceh, it shows that there are problems
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with student learning abilities in chemistry
learning. It is proven from the average national
exam scores of students who are still in the
less category. The low score of the National
Examination affects the students' lack of
critical thinking skills. In fact, the 2018
National Examination Results Executive
Summary data from the Education Assessment
Center, Research and Development Agency,
Ministry of Education and Culture (2018)
shows that the preparation of the National
Examination consists of three levels. At the
first level, namely knowledge (Cl) and
understanding (C2), the second level is
application (C3), then at level 3, namely
reasoning or included in the three cognitive
domains of analysis (C4), synthesis (C5) and
evaluation (C6). Based on the results of the
review, it proves that the UN questions are
included in the category of critical thinking
questions, because the preparation of
questions consists of C4, C5, and C6.

Critical thinking is one part of 215t century
learning skills. Critical thinking consists of the
ability to think logically, reflectively, and
productively to assess situations. Critical
thinking is an act of active thinking that leads
students to be able to create, apply, analyze,
synthesize, and evaluate concepts rather than
just receiving ideas or information, so that
students are easier to think about. In depth the
existing problems, especially regarding
fundamental life issues ((Ennis, 1993); (Hakim
et al, 2018); (Sellars et al, 2018); (Sumarni et
al, 2016)). Critical thinking is included in the
realm of higher-order thinking skills that have
the potential to increase students' critical
analysis power. Increasing students' critical
analysis power is closely related to making the
right decisions (Andayant et al, 2020) with
increasing students' intellectual abilities
(Setiawati et al., 2017). Critical thinking is a
high-level skill that is important for solving
complex and sharp problems that require in-
depth analysis (Wardant et al, 2019). These
skills will help students to master test material
with a higher level of difficulty, for example the
entrance exam for public universities (Reza et
al, 2021).
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In addition to the lack of critical thinking skills
in students at MAN 1 Banda Aceh. Based on
the results of interviews, students also have
low independence influenced by a lack of
confidence in students in doing assignments
or answering questions independently. The
data on student reviews in natural science
four 11t grade at MAN 1 Banda Aceh shows
that the number of students who achieved the
KKM were 12 people (31.6%) and students who
had not reached the KKM were 17 people
(684%) out of 38 students. The interview
results strengthen the data above, namely
students who are confident in their abilities
when working on questions <50%. This is due
to the habit of students overcoming the
difficulties they experience by asking their
friends who understand better without trying
to do it themselves first. There are still some
daily tasks given by the teacher to be done at
home who do not collect according to the
agreed time.

Independent learning is an important thing
also grown through learning. There are three
stages that must be carried out in increasing
learning independence including; (1) observe
and monitor independently, (2) compare their
position with certain standards, and (3)
provide positive and negative self-responses
(Nafisa et al,, 2021). Learning independence is
a learning activity carried out by someone with
the freedom to determine and manage their
own teaching materials, time, place, and utilize
the necessary learning resources (Loeng,
2020).

Students who have high learning
independence are able to manage their own
learning  activities starting from  the
preparation, implementation, and evaluation
stages (Kurniawan et al, 2018); (Aulia et al,
2019). The reality in the current learning
process is that there is still a lack of
independence or lack of student initiative to
learn on their own, do not have high self-
confidence and think critically to solve
problems (Yuliasari, 2017). This proves that the
low independence of student learning affects
critical thinking skills in solving a learning
problem.
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The PjBL learning model has an important role
in improving students’ critical thinking skills
and character values (Rumansyah et al., 2019).
Educators who are able to teach students to
understand the values in lessons have carried
out quality teaching and learning activities
(Sulastri et al,, 2018). Project-Based Learning
teaches many important strategies for success
in the 21t century. Students are encouraged to
be self-directed learning as well as to work
collaboratively to research and create projects
that reflect knowledge. From accumulating
appropriate  new technology skills, to
becoming proficient communicators and
problem solvers at an advanced level, students
will benefit greatly from this teaching
approach (Bell, 2010).

Through the PjBL model in chemistry learning,
it is no longer oriented towards understanding
concepts but more emphasis on the
application of chemical concepts to a project
so as to produce certain products (Wenger,
2014). Students develop and hone mindsets
by linking through phenomena in everyday life
(Birgil, 2015) further (Ennis, 1993) says that
students' critical thinking skills that must be
improved consist of five indicators including;
(a) basic support; (b) the bases for the desician;
(c) inference; (d) advance clarification; (e)
strategy and tactics.

The PjBL learning model is a learning model
that prioritizes solving complex tasks, based
on challenging questions, which involves
students in designing, problem solving,
decision making, or investigative activities,
giving students the opportunity to work
independently over a period of time and
culminate in a product. or presentation (Devi
et al, 2019). The independence of student
learning that must exist in students includes;
goal setting, technical readiness, time
management, procrastination management,
note-taking skills, task preparation, research
skills, ~exam  preparation and  stress
management (Khiat, 2015).

Based on the previous problems, a model is
needed that is able to improve critical thinking
skills and independent learning, especially in
chemistry lessons. The topic of chemistry

39

Application of Project Based Learning (PJBL) to
Improve Critical Thinking Skills and Students’
Learning Independence on the Making of Colloids
in Dispersion

about colloids is one of the potential
chemistry topics, because it can be
understood and practiced easily. Students are
able to do work or projects in learning
situations in order to improve their analytical
power. Previous research conducted by
(Hikmah et al, 2016) & (Hasbie et al,, 2018)
revealed that the project based learning (PjBL)
learning model was able to improve critical
thinking  skills and student learning
independence on colloidal system material.

This research focuses on the manufacture of
food products using the working principle of
making colloids. PjBL can improve research
skills, communication skills and self-
confidence. PjBL will improve students in
processing information critically, critically
thinking (Chuppa-Cornell & Zimmerer, 2017,
(Walker & Li, 2016); (Ferrer-vinent et al., 2016);
(Saliba et al., 2017).

2. Research Method

The type of research used is quasi-
experimental. This method contains steps
consisting of pretest, experiment and posttest.
The population used was all students of class
11t grade MAN 1 Banda Aceh in the even
semester of the 2020/2021 school year. The
population is 228 people who are distributed
into six classes, namely natural science one
11t grade, to natural science six 11™ grade.
The reason for choosing class 11" grade is
because the material being tested is 11t grade
material and the data for determining the
sample can be selected according to the
results of the mid-semester chemistry exam.
The sample selection used a purposive
sampling technique which was included in
non-probability sampling (Etikan et al, 2016).
The purposive sampling technique selects the
sample intentionally with sample
requirements based on the characteristics of
the same chemical value to determine the
control class and the experimental class
(Fraenkel et al, 2011). The similarity in the
nature and characteristics of this sample was
selected from a population of students who
had passed mixed material in 10™ grade. The
sampling technique was carried out through
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normality and homogeneity tests showing
that it came from a population that was
normally distributed and had the same
variance, obtained natural science two 11%
grade as the control class and natural science
four 11t grade as the experimental class.

The learning tools developed in this study
consisted of the Learning Implementation Plan
(RPP) and Student Worksheets (LKPD). The
lesson plans were developed using PjBL
learning steps with a scientific approach for
the experimental class and direct instruction
steps for the control class. After the RPP and
LKPD were developed, they were then
validated by two validators.

Colloid-making learning through PjBL was
carried out in two meetings, with an allocation
of 4 lesson hours (JP). The learning steps in this
study are in accordance with those proposed
by (Suranti et al,, 2016), namely (1) students
answer essential questions related to food
products using colloidal working principles
proposed by the teacher to encourage
knowledge and ideas about the project to be
worked on, (2) students make plans for food
products to be carried out, as well as project
work rules, (3) students make schedules in
completing colloid-making projects, (4)
activities while completing student projects
are monitored by the teacher by giving
colloid-making videos, (5) The results of
project work carried out by students are given
feedback by the teacher, (6) students together
with the teacher at the end of the learning
process reflect on the activities and results of
projects that have been carried out.

The instruments used in this study consisted
of critical thinking skills test questions and
student learning independence
questionnaires. The test instrument for critical
thinking skills in this study is a question in the
cognitive domain of categories C4 and C5
which consists of 30 questions. While the
learning independence questionnaire
instrument consists of 10 indicators and 46
statement items.

After the data is obtained, then the data is
analyzed using a hypothesis test consisting of;
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(1) normality test, (2) homogeneity, (3) mean
difference test (t test) and (4) N-gain test.

3. Result and Discussion

3.1. Application of PjBL in Making Colloids
PjBL activities carried out by students at the
first meeting started with listening to the
classical colloid-making material by the
teacher, determining the title of the project to
be carried out, making plans for work
procedures and the use of tools and materials,
finally compiling a schedule for colloid-
making project activities. The second meeting
of PjBL activities started with students showing
a video showing the results of colloid making,
receiving feedback and ending with evaluating
experiences.

The advantages of the PjBL model (1)
encourage students to be challenged to solve
real problems in the field through project
activities, (2) students become active in
learning, (3) student performance in
completing projects is more organized, (4)
students have more freedom in completing
projects, (5) students are motivated to
compete to produce the best products, and (6)
students become more independent and have
responsibility for the projects they are working
on (by (Rauziant et al., 2016); (Novianto et al.,
2018); (Daryanto, 2014).

3.2. Student Critical Thinking Skills

Critical thinking skills are students' thinking
skills that involve reasoning and logic in
solving problems, distinguishing problems,
and being able to review information to plan
problem solving strategies given. Students'
critical thinking skills in this study were
measured by five indicators (Ennis, 1993)
including; (a) building basic skills (basic
support); (b) give reasons for a decision (the
bases for the desicion); (c) conclude
(inference); (d) make further explanation
(advance clarification); (e) strategy and tactics.
Students' critical thinking skills were measured
using test questions. Based on the results of
data analysis, the average pretest, posttest,
and N-gain of students' critical thinking skills
can be seen in Figure 1.
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Figure 1 shows the results of the pretest,
posttest, and N-gain analysis in the
experimental class and the control class. Based
on the results of data analysis, it was found
that the average critical thinking skills of
students after applying the Project based
learning (PjBL) learning model in the
experimental class was higher than the direct
instruction model in the control class. This is in
accordance with research conducted by

(Kusadi et al, 2020) that the project based
learning (PjBL) model can improve students'
critical thinking skills, because this model
seems to involve more students in the learning
process, so students are more active.

To find out the average pretest and posttest of
students' critical thinking skills in each
indicator of the experimental class and control
class, it can be seen in Figures 1 and 2.
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Figure 2 shows the results of the analysis of the
average CTS of students in the experimental
class before and after implementing the PjBL
learning model. Based on the results of the
analysis, it was found that the average CTS of
students after applying the PjBL learning
model was higher than in the control class. The
average student results obtained > 80,
meaning that the application of the PjBL
model was able to improve students' critical
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Figure 2. Student's CTS Average Results Per-indicator of Experimental Class

thinking skills better than the DI learning
model.

This is in accordance with research conducted
by (Aprianty et al.,, 2020) which states that PjBL
is a learning model that uses projects as
learning media and can help students develop
psychomotor skills and understand concepts.
The PjBL learning process demands the
readiness of teachers to develop RPP and
LKPD for project work. Students experience
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the learning process and build their
knowledge independently (Muntari et al,
2018).

The application of the PjBL model is able to
improve students' CTS on each indicator. In
the first indicator students are able to build
basic skills with a score of 89. Second, students
are able to give reasons for a decision with a
score of 99. Third, students are able to
conclude with a score of 98. Fourth, students
are able to make further explanations with a
score of 98. Fifth, students have strategies and
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tactics with a score of 97. These results show
that students' critical thinking skills on each
indicator can be improved well, which is in line
with research conducted (Sagala et al, 2020)
that through the PjBL model students are
invited to think broadly, seek information in
order to find ideas that will be used to solve
the problem.

To find out the results of the analysis of each
indicator in the control class, before and after
applying the learning treatment, it can be seen
in Figure 3.
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Figure 3. Student's CTS Average Results Per-indicator of Control Class

Figure 3 shows the results of the analysis of the
average CTS indicator students in the control
class. Based on data analysis, it was obtained
that the average student CBC for each
indicator after applying the direct instruction
model obtained a score of <80. This means
that the application of the learning model in
the control class has not been able to improve

students' critical thinking skills, so the results
measured on each indicator are still in the low
category.

To find out the increase in students' CTS, each
indicator in the experimental class and control
class is calculated through the N-gain
equation, with the results shown in Table 1.

Table 1. Result of N-gain Analysis Student CTS

. . N-gain N-gain
Question Number Indicator Experiment Category Control Category
CTS 1:1,234,56,7 Build Basic Skill (basic support) 79 High 45 Medium
CTS 2:8,9,10 Give reasons for a decision 98 High 43 Medium
(the bases for the decision)
CTS 3:11,12,13,14,15 Conclude (inference) 96 High 34 Medium
CTS 4:16,17,18 Make further explanation 96 High 11 Low
(Advance clarification)
CTS 5: 19,20 Strategy dan tactics 93 High 47 Medium
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Based on data analysis, it was obtained that
the N-gain CTS score of experimental class
students was >70, meaning that students'
critical thinking skills were included in the high
category. While the results of the analysis of
the N-gain CTS students in the control class
obtained a score of <70, meaning that
students’ critical thinking skills are still in the
low and medium categories.

After analyzing the results of N-Gain, in the
experimental class and control class, the next
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step is to test the hypothesis. Hypothesis
testing used in the form of independent
sample t-test, with prerequisites in the form of
normality test and homogeneity of the data
used.

The normality test used in this study is the
Shapiro-Wilk test. The results of the Shapiro-
Wilk normality test in the experimental class
and control class can be seen in Table 2.

Table 2. Result of Normality Test Shapiro-Wilk

Shapiro-Wilk

Class Statistic df Sig.
Result of Student Experiment (Pretest) .950 38 .086
CTS Experiment (Pretest) .947 38 .073

Control (Pretest) .972 38 442

Control (Posttest) .950 38 .091

The results of the analysis of the normality test
using the Shapiro-Wilk technique proved that
for all the experimental and control group
data on the pretest and posttest, the Shapiro-
Wilk sig value was > 0.05. So, the conclusion
from this distribution is that the data in both
classes are normally distributed. After doing
the normality test, then the next step is to do
the homogeneity test.

According to (Ismail, 2018) the homogeneity
test of the data provides information that the
research data for each data group comes from
a population that does not differ much in
diversity. The results of the homogeneity test
in the experimental class and control class can
be seen in Tables 3 and 4.

Table 3. Pretest Homogeneity Test Results Experiment and Control Class

Levene Statistic dfl df2 Sig.
CTS Result Based on Mean .071 1 74 791
Based on Median .032 1 74 .858
Based on Median and
with adjusted df .032 1 72.387 .858
Based on trimmed mean .073 1 74 .788

Based on table 3, the sig Based on Mean value
is 0.791> 0.05, so it can be concluded that the
variance of the pretest data for the
experimental class and the control class is the

same or homogeneous. To find out the

posttest

homogeneity

test

for

the

experimental class and the control class, it can
be seen in Table 4.

Table 4. Results of Homogeneity Test of Experimental and Control Class

Levene Statistic dfl df2 Sig.
CTS Result  Based on Mean 2.708 1 74 .104
Based on Median 2.200 1 74 142
Based on Median and
with adjusted df 2.200 1 68.514 143
Based on trimmed mean 2.376 1 74 127
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Based on Table 4, the sig Based on Mean value
is 0.104> 0.05, meaning that the variance of
the posttest data for the experimental class
and the control class is the same or
homogeneous. To find out the test results of
the average difference between the
experimental class and the control class before
and after applying the learning treatment, the
independent sample t test was used.

The results of the independent sample t test of
the experimental class and control class
pretest data obtained a sig (2-tailed) value of
0.988 > 0.05, meaning that the results of the
pretest CTS students in the experimental class
and control class were not significantly
different. This means that the initial ability of
the students’ CTS before the learning
treatment was applied to the two classes was
the same.

Then the independent sample t test test of the
posttest data of the experimental class and the
control class obtained a sig (2-tailed) value of
0.000 <0.05, which means that there is a
difference in the students' average CTS after
applying the learning treatment. Based on the
test results, it can be concluded that the
application of the PjBL learning model can
improve students' CTS compared to the
control class. This is in line with the results of
research proposed by (Zahroh, 2020) that the
PjBL Learning model has a positive influence
on students' critical thinking skills, because
students are able to utilize various sources to
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get the right procedures to be used in the
projects carried out. Aldabbus (2018) said that
project learning (PjBL) is not only limited to
learning content knowledge of students, but is
further developed in students' psychomotor
and social skills, such as; seeking information
from various sources, critical thinking,
problem solving, self-evaluation,
summarizing, and giving presentations are
highly recommended for long term learning.
Furthermore, this type of project offers an
ideal context for students to study physical
and chemical phenomena such as transport,
surface phenomena, colloids and
macromolecules (Santos et al,, 2014).

3.3. Student Learning Independence

Student learning independence is a learning
activity carried out by students, where
students are more active in learning because
they carry out learning  activities
independently and solve problems. According
to (Khiat, 2015) student learning
independence consists of ten indicators
including; goal setting, technical readiness,
time management, procrastination
management, note-taking skills, assignment
preparation, research skills, class readiness,
exam preparation, and stress management. To
find out the results of the analysis of the
pretest, posttest, and N-gain average student
learning independence can be seen in Figure
4.
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Figure 4. The Average Results of Student Learning Independence
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Based on Figure 4, it can be seen that the
average results of the experimental class
students' learning independence  after
applying the PjBL learning model were higher
than those in the control class. Then the results
of the average N-gain analysis of the
experimental class are in the medium category
with a score of 63, while the control class is in
the low category with a score of 28. The results
of the analysis of student learning
independence in both classes can be
concluded that the application of the PjBL
model is better used than the learning model.
Conventional form of DI. This is in accordance
with research conducted by (Ekawati et al.,
2019) that learning independence is not only
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focused on thinking, but helps individuals use
their minds in drafting designs, choosing
learning strategies, and interpreting their
appearance so that they can solve problems
effectively. In line with the research proposed
by (Puspitasari et al, 2018) project-based
learning has an influence on student learning
independence, where students are more
independent in the learning process and can
create other products after the learning.

The results of the analysis of student learning
independence on the ten indicators, both in
the experimental class and the control class,
can be seen in Figure 5.
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Figure. 5 The Average Results of Student Learning Independence Indicators of Experimental Class

Figure 5 shows the average results of student
learning independence before and after
implementing the PjBL learning model in the
experimental class. The average results of
student learning independence after applying
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the PjBL model were higher than the control
class (score > 80), so that the results of student
learning independence were included in the
good and very good categories. To find out
the average student learning independence in
the control class, it can be seen in Figure 6.
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Figure 6. Average Results of Student Learning Independence Indicator Control Class

Figure 6 shows the results of the analysis of
student learning independence indicators in
the control class. Based on the results of the
analysis obtained the average student learning
independence through the application of the
PjBL learning model obtained a score of <80.
This means that the learning independence of

students in the control class is included in the
sufficient and good categories.

Furthermore, to find out the increase in
student learning independence in the
experimental class and control class through
the N-gain equation, as shown in Table 5.

Tabel 5. Results of N-Gain Analysis of Student Learning Independence

No Indicator N-gain Experiment Category  N-gain Control  Category
1 Goal Setting 0,59 Medium 021 Low
2 Technical Readiness 0,64 Medium 0,38 Medium
3 Time Management 0,62 Medium 0,40 Medium
4 Delay Management 0,63 Medium 0,29 Low
> Note-taking ability 0,63 Medium 0,21 Low
6 Task Preparation 0,65 Medium 0,29 Low
7 Research Ability 0,61 Medium 0,32 Medium
8  Class Preparation 0,63 Medium 0,22 Low
9 Exam Preparation 0,65 Medium 0,31 Medium
10 Stress Management 0,64 Medium 0,34 Medium

Table 5 shows the results of the N-gain
analysis of student learning independence in
the experimental class and the control class.
The results of the experimental class N-gain
analysis on each indicator obtained an
average score of 0.6 including the medium
category. Then the results of the N-gain
analysis of the control class obtained an
average score of 0.4, so it is included in the low
and medium categories. Based on the results
of the N-gain analysis, it can be concluded that
student learning independence through the
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application of the PjBL model is better than
the DI model. This is in accordance with the
research proposed by (Nahdliyati et al, 2016)
that the PjBL model can foster independent
learning in students, because the PjBL model
makes learning more meaningful by actively
involving students in the process of finding
and solving problems during learning and
instilling internal attitudes. On students,
making students able to take the initiative to
solve problems, and have the confidence to be
able to learn on their own without the help of
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others. To find out the results of testing the
hypothesis of student learning independence,
normality, homogeneity and independent
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sample t-test tests were carried out. The
results of the normality test of student
learning independence can be seen in Table 6.

Table 6. Result of Normality Test Shapiro-Wilk

Shapiro-Wilk

Class Statistic df Sig.
Student Learning Experiment (Pretest) 963 38 .229
Independence Experiment (Posttest) 961 38 211
Control (Pretest) .982 38 776
Control (Posttest) .975 38 .548

Based on table 6, the results of the Shapiro-
Wilk normality test for students' learning
independence in the experimental class and
control class obtained a sig value > 0.05, so

that the data for both classes were normally
distributed. Furthermore, the results of the
homogeneity test on the pretest and posttest
data of the experimental class and control
class can be seen in Tables 7 and 8.

Table 7. Pretest Homogeneity Test Results Experiment and Control Class

Levene Statistic dfl df2 Sig.

Student Based on Mean 1.622 1 74 207

Learning Based on Median 1.620 1 74 207
Independence  Based on Median and

with adjusted df 1.620 1 74.000 207

Based on trimmed mean 1.621 1 74 207

Table 7 shows the results of the homogeneity
test of the experimental class and control class
data obtained by sig Based on Mean 0.207 >
0.05, meaning that the pretest data in both

classes came from the same variance or
homogeneous. Then the results of the
homogeneity test on the posttest data of the
experimental class and control class can be
seen in Table 8.

Table 8. Results of Homogeneity Test of Experimental and Control Class

Levene Statistic dfl df2 Sig.

Student Based on Mean 1.612 1 74 .208

Learning Based on Median 1.682 1 74 .199
Independence  Based on Median and

with adjusted df 1.682 1 71.970 199

Based on trimmed 1587 1 74 212

mean

Based on Table 8, the results of the posttest
data homogeneity test for the experimental
class and the control class obtained a sig
Based on Mean value of 0.208> 0.05, meaning
that the posttest data in both classes came
from the same variance or homogeneous.

After doing the prerequisites in testing the
hypothesis, namely normality and
homogeneity tests, then the next step is to test
the independent sample t-test. Based on the
results of the analysis showed that the pretest
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data for student learning independence
obtained a sig (2-tailed) value of 0.884 > 0.05.
It can be concluded that the initial abilities of
the experimental class and control class
students are not significantly different or the
same.

The results of the posttest data hypothesis test
obtained a value of (2-tailed) 0.000 <0.05, so
it can be concluded that after applying the
learning treatment in the experimental class
and the control class it will produce
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significantly different values. This is because
the application of the PjBL learning model
increases students' abilities more than in the
control class. This is in accordance with
research conducted by (Kizapan & Bektas,
2017) that PjBL is one of the constructivist
teaching strategies and is increasingly
common in science education. PjBL is also able
to create more freedom for students, so
students can choose appropriate topics,
resources to  consult,  division of
responsibilities among group members and
the way they design and display the final
product (Aldabus, 2018).

4. Conclusion

Based on the results of previous studies, it can
be concluded that the application of the PjBL
model can improve students' critical thinking
skills (CTS) with an average N-gain score of 61
in the medium category, then the average N-
gain CTS score of indicator students >70 is
included in the high category. The results of
hypothesis testing for the experimental class
and control class students obtained a sig (2-
tailed) value of 0.000 < 0.05, so it can be
concluded that the CBC of students in the two
classes was significantly different. The results
of the analysis of student learning
independence obtained an average N-gain
score of 63 in the medium category. Then, the
average score of N-gain indicator student
learning independence is 0.6 medium
category. The results of hypothesis testing of
student learning independence in the
experimental class and control class obtained
a sig. (2-tailed) 0.000 <0.05, so that the
students' learning independence in the two
classes was significantly different. The results
obtained prove that the PjBL model is able to
improve CTS and student learning
independence better.
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