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ABSTRACT

Critical thinking is one of the abilities
students must have, especially in the 21%
century. However, the results of PISA 2022
showed that the critical thinking abilities of
Indonesian students were still low. Problem-
Based Learning is a learning model that
uses real problems to practice students’
critical thinking abilities and improve
student achievement. However, the PBL
model still had disadvantages and to
overcome this, the PBL model was
integrated with science data. This study
aimed to determine the effect of the PBL
model with science data integration on
students’ critical thinking abilities and
biology achievement of high school
students. The research was conducted at
Mumbulsari State High School. The type of
research used was quasi-experimental study
using a nonequivalent pretest posttest
control group design. Data collection was
done using observation, interview, test, and
documentation methods. This study used 2
classes, namely the experimental class and
the control class which were determined
using the random sampling method. This
study used the ANCOVA test to determine
the effect of the treatment applied. Based on
the results of the ANCOVA test on
students’ critical thinking abilities and
Biology achievement showed a significant
value (sig.) < 0.05, which meant that the

PBL model had an effect on high school
students’ critical thinking abilities and
biology achievement. The PBL model
integrated with science data was expected to
improve students’ critical thinking abilities
and learning outcomes. Then, this research
is also expected to provide new benefits and
innovations  for other teachers and
researchers.

Keywords: Problem-Based Learning,
Science Data, Critical Thinking, Student
Achievement

INTRODUCTION

Critical thinking refers to the ability of think
deeply, which is closely related to the
problem-solving process. This ability is an
essential quality that Indonesian students
need to possess, especially in the 21%
century. However, the PISA results obtained
in 2022 indicate that Indonesia's position
remains relatively low, ranking 69" out of
81 countries. The PISA achievement proves
the low critical thinking abilities of
Indonesian students. ™M Education is critical
to form a quality future generation of the
nation, 2l and one of these qualities is good
critical thinking abilities.

The ability to think critically is an important
aspect for students to have to face and solve
various problems. Bl In addition to being
useful in the context of learning, this ability
is very much needed in order to be able to
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face challenges and problems in life. [
Thus, the educational process carried out in
schools must be able to train students'
critical thinking abilities in various fields of
study, including biology.

Biology is a science that requires good
critical thinking abilities for its students.
This is because of biology learning requires
students to be actively involved in learning,
formulate problems independently, and be
able to solve problems. Bl In addition, in
biology lessons, many graphs and data
require critical thinking abilities so that
students can understand the information
contained therein. [ To support students to
have these abilities, teachers need to
implement learning models that can
facilitate and encourage the creation of an
active critical thinking process. [']
Problem-Based Learning (PBL) is one of
the learning models that can be used to help
improve students' critical thinking abilities.
PBL is a learning model that confronts
students with factual problems to stimulate
their ~ critical  thinking  abilities in
overcoming these problems. &1 However, the
PBL model also has the disadvantages, that
is when the students are not interested in the
problems presented, they will not try to
solve the problem. [°1 To overcome these
disadvantages, the problems in PBL are
presented in the form of valid and up-to-
date scientific data.

Science data can attract students' attention
because the information from the data is
obtained from an event or research result
and is factual so students will believe in the
information in it and be motivated to solve
the problems presented. In biology itself,
scientific data is usually presented in the
form of graphs to make it easier for students
to analyze the contents of the data, making
it easier to understand the information in it.
(191 Problems presented in the form of

understanding the data presented in the form
of graphs is expected to be an exercise for
students to use their critical thinking
abilities and have a significant impact on the
achievement of student learning outcomes.
Learning outcomes are students'
achievements in the cognitive field after
completing assignments, exams, and
activities that support these learning
outcomes and are proven in the form of
numbers or grades. 181 Implementing the
PBL model has been proven to improve
student learning outcomes. 12415 In addition,
there is also a good relationship between
critical thinking abilities and learning
outcomes. %1 This means that the higher the
critical thinking abilities that students have,
the higher the learning outcomes they will
achieve. Based on this, the application of
the PBL model with science data integration
is expected to improve student's critical
thinking abilities and have an impact on
their learning outcomes, especially in the
field of biology at the high school level.

MATERIALS & METHODS

The type of research used is a quasi-
experiment with a nonequivalent pretest-
posttest control group design as the research
design. The research was conducted at
Mumbulsari State High School, Jember. The
class level used was class X in the odd
semester of the 2024/2025 academic year.
The population of this study included all
students in class X, a total of seven classes.
There were two classes used in the study,
namely the control class and the
experimental class, which were selected
using a random sampling method. A total of
70 students participated in the study as the
sample. The research design is presented in
Table 1 below.

Table 1. Research Design

scientific data, especially graphs, also tend E O | X0

to be easier to understand than problems KIP Y|P

presented in the form of sentences. 14 Use ~ E : experimental class

of data, such as graphs, in learning has been K : control_class .

shown to have a positive impact on students'’ 01 - pretest in the experlr_nental class

critical thinking abilities. [*2 In this case, 0z : posttest in the experimental class
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P1 . pretest in the control class

P2 : posttest in the control class

X : learning using the PBL model with
science data integration

Y . learning using the conventional
models

The data collection process used

observation, interview, test, and

documentation methods. Critical thinking
abilities are measured through essay results
on pretest and posttest questions according
to the critical thinking indicators proposed
by Ennis, while biology achievement is
measured through pretest and posttest
results according to cognitive indicators.
The data are then analyzed using the
analysis of covariance (ANCOVA) test.

The formula for assessed critical thinking
abilities, namely

Score = _obtained score % 1009% [17]

maximutmn score

The critical thinking assessment intervals
can be seen in Table 2 below.

Table 2. Critical Thinking Assessment Interval

Score (%) Category
80 = X = 100 | Very good
70=X =79 | Good
60 = X =69 | Enough
X < 60 Low
Meanwhile, the formula for assessed

students' cognitive achievement, namely

obtained score

Score = X 100% (18]

maximutmn score

RESULT

1. Critical Thinking Abilities

The essay test results referring to critical
thinking indicators are used as data to
measure students' critical thinking abilities.
The following are the average scores of
students’ critical thinking abilities obtained,
which have been presented in Tables 3 and
4.

Table 3. Average Value of Critical Thinking Abilities in The Experimental Class

. S - . Pre Test Post Test

No | Critical Thinking Ability Indicator Mean + SD Category | Mean * SD Category
1 Provide a simple explanation 58.57 £17.089 | Low 80.71 + 13.674 | Very good
2. | Build basic skills 56.43 + 18.533 | Low 76.43 £ 15.977 | Good

3. | Conclude 47.86 £ 15.305 | Low 66.43 £ 14.781 | Enough

4. | Provide further explanation 45.00 + 14.603 | Low 62.14 £ 12.677 | Enough

5. | Set strategy and tactics 49.29 £ 13.195 | Low 68.21 +9.750 | Enough
Mean 51.07 £10.615 | Low 70.36 £ 8.007 | Good

Table 4. Average Value of Critical Thinking Abilities in The Control Class

. S - . Pre Test Post Test

No | Critical Thinking Ability Indicator Mean + SD Category | Mean £ SD Category
1 Provide a simple explanation 52.14 + 15.305 | Low 66.43 + 13.480 | Enough

2 Build basic skills 50.71 £ 17.663 | Low 62.14 + 14.053 | Enough

3. | Conclude 45.00 + 15.811 | Low 53.57 £12.341 | Low

4. | Provide further explanation 40.71 £12.256 | Low 50.71+7.391 | Low

5. | Set strategy and tactics 46.43 £10.749 | Low 55.00 + 12.573 | Low

Mean 46.90 £8.772 | Low 57.14+8.958 | Low

Based on the average values in Tables 3 and points. Based on these results, it was

4, the average experimental pretest of 51.07
increased to 70.36 in the posttest, meaning
the value increased by 19.29 points.
Meanwhile, the average control pretest of
46.90 increased to 57.14 in the posttest,
meaning the value increased by 10.24

concluded that the average increase in the
experimental class was higher than in the
control class. The results obtained were then
analyzed using the analysis of covariance
(ANCOVA) test. The results of the
ANCOVA test are shown in Table 5 below.
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Table 5. ANCOVA Test Results of Critical Thinking Abilities

Tests of Between-Subjects Effects

Dependent Variable: Post Test Results

Source [Type 111 Sum of SquaresdfMean SquareF Sig.
Corrected Model|6606.614% 2 [3303.307 163.05 0.000
Intercept 1941.774 1 [1941.774 95.878 10.000
PreTest 3550.810 1 [3550.810 175.326/0.000
Class 1712.322 1 [1712.322 84.548 10.000
Error 1356,928 67/20.253

Total 202447.917 70

Corrected Total [7963.542 69

a. R Squared = ,830 (Adjusted R Squared = ,825)

Table 5 shows the significance value (sig.)
of the ANCOVA test reaching 0.000, which
means less than 0.05. These results prove
that the treatment given has a significant
effect. This means that the PBL model with
science data integration affects the critical
thinking abilities of high school students.

2. Students’ Achievement

The results of the pretest and posttest
referring to cognitive indicators are used as
data to measure the achievement of student
learning outcomes. The following are
average values of students' biology
achievement can be seen in Table 6 below.

Table 6. Average Value of Biology Achievement

Mean = SD .
Class Number of Students Pre Test Post Test Difference
Experiment | 35 41.17 £9.196 | 63.20 + 12.407 | 22.03
Control 35 40.09 +8.604 | 50.06 + 11.347 | 9.97

Based on the average value in Table 6, it
shows that the average experimental pretest
of 41.17 increased to 63.20 in the posttest,
meaning the value increased by 22.03
points. Meanwhile, the average control
pretest of 40.09 increased to 50.06 in the
posttest, meaning the value increased by

9.97 points. Based on these results, it can be
concluded that the average increase in the
experimental class is higher than in the
control class. The results obtained were then
analyzed using the analysis of covariance
(ANCOVA) test. The results of the
ANCOVA test are shown in Table 7 below.

Table 7. ANCOVA Test Results of Biology Achievement

Tests of Between-Subjects Effects

Dependent Variable: Post Test Results

Source Type 111 Sum of SquaresidfMean SquareF Sig.
Corrected Model|10709.292? 2 5354.646 186.3650.000
Intercept 205.695 1 [205.695 7.159 |0.009
PreTest 7686.435 1 [7686.435 267.521)0.000
Class 2446.594 1 [2446.594 85.152 10.000
Error 1925.051 67/28.732

Total 237110.000 70

Corrected Total [12634.343 69

a. R Squared = ,848 (Adjusted R Squared =,843)

Table 7 shows the significance value (sig.)
of the ANCOVA test reaching 0.000, which
means less than 0.05. These results prove
that the treatment given has a significant
effect. This means that the PBL model with

science data integration affects the biology
achievement.
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DISCUSSION
1. The Influence of Problem-Based
Learning Model with Science Data
Integration on Critical Thinking
Based on Table 5, the results of the
ANCOVA test on students' critical thinking
abilities show a significance (sig.) of 0.000,
which means < 0.05. This means that the
application of the Problem-Based Learning
(PBL) model with science data integration
has a significant influence on the critical
thinking abilities of high school students.
These results align with research which
states that the PBL model facilitates
students to actively participate in learning
activities, and the problems presented can
train them to use critical thinking abilities in
finding solutions to these problems, which
ultimately students tend to experience an
increase in critical thinking abilities. [
Overall, the data analysis shows that the
class used as an experiment got a higher
post-test average than the class used as a
control. The different results are due to the
application of the learning model used. The
control class that still applies the
conventional model tends to be dominated
by the active role of the teacher compared to
the students. In this model, the teacher plays
an important role in conveying knowledge,
while students are more passive in receiving
information. [*4] As a result, students' active
involvement is low and they tend to focus
on memorizing the material rather than
training critical thinking abilities. [° In
other words, the use of conventional models
is less than optimal in improving students'
critical thinking abilities.
This study applies the Problem-Based
Learning (PBL) model with science data
integration in the classroom used as an
experiment. The PBL model directs students
to face factual problems that aim to
stimulate their critical thinking abilities in
overcoming these problems. [8] The syntax
of the PBL model that is very influential in
improving students' critical thinking abilities
is the first syntax and the third syntax. The
first syntax is the introduction of students to
the problem. At this stage, the teacher

presents problems that are related to real-life
situations. In this study, the teacher showed
videos and graphs about antibiotic
resistance cases that occurred in Indonesia
and asked questions related to the problems
so that students were interested in the
problems presented. In this syntax, students
can build new knowledge from questions
asked by the teacher. In addition to
attracting students' attention, these questions
can also stimulate them to use their critical
thinking abilities in providing answers to the
questions given, seeking more in-depth
information about the problem, and
formulating the most relevant and effective
solutions to solve the problem. 201

The third syntax in the PBL model, namely
guidance in the investigation process
individually or in groups also affects
improving  students' critical  thinking
abilities. Through this syntax, students play
an active role in solving the problems they
face so that their involvement in thinking
and decision-making becomes deeper and
more meaningful. They seek information
through various sources related to the
problem and discuss their findings with their
group members. Through this syntax,
students' ability to think critically can be
developed, because they are actively
involved in activities to collect information,
analyze data, and draw conclusions based
on data and information that has been
studied. [20]

This study integrates the Problem-Based
Learning (PBL) model with science data.
The integration aims to encourage students
to have the ability to think critically in more
depth through the analysis of factual data. In
its implementation, students are given
science data, namely graphs containing
factual problems. The material that is the
focus of this study is the role of bacteria in
life. This study uses the case of antibiotic
resistance, which is a serious problem in
Indonesia. To understand the problem in
depth, students are allowed to analyze data
on antibiotic resistance cases that occur in
Indonesia.
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This study uses data containing a problem
presented in the form of a graph to illustrate
the trend of increasing cases of antibiotic
resistance in Indonesia over the past few
years. Understanding data in the form of
science data, such as graphs, can improve
students' critical thinking abilities because
understanding  graphs  requires  good
analytical abilities to make the right
decisions and find effective solutions in
solving problems based on the contents of
the data. [*2 Then, the presence of graphs
can also train students to consider decisions
in answering questions and think rationally
to analyze decisions to be taken based on

existing data, which contributes to
improving  students' critical  thinking
abilities. (1]

The PBL model trains students to solve a
problem based on reliable evidence, so it is
necessary to consider the accuracy and
credibility of the information source to solve
the problem. The science data presented in
the study comes from accurate and reliable
references, so students have the opportunity
to practice their ability to analyze data while
instilling awareness of the importance of
accurate data to solve problems. Then,
through the discussion in the PBL model,
students can work together to analyze data
and exchange knowledge to solve problems.
This discussion process can help students
understand the information in the science
data and improve their critical thinking
abilities. 122 Therefore, the integration of the
PBL model with science data trains students
in decision-making in solving problems
based on the data analysis they have done,
thus having an impact on improving critical
thinking abilities.

2. The Influence of Problem-Based
Learning Model with Science Data
Integration on Biology Achievement

Based on Table 7, the results of the

ANCOVA test on biology achievement

show a significance (sig.) of 0.000, which

means < 0.05. These results mean that the
application of the Problem-Based Learning

(PBL) model with science data integration

contributes significantly to the biology
achievement of high school students. These
results align with the statement that the PBL
model encourages active student
involvement and is directly involved in
connecting problems in life with the
knowledge they have just acquired. 4l This
makes the learning  process more
meaningful and has a positive impact on
understanding the material and learning
outcomes.

The selection of an appropriate and effective
learning model plays a crucial role so that
learning outcomes can be improved. 231 This
study applies a conventional learning model
to the class designated as a control, where
the model is oriented towards the dominant
role of the teacher, while students tend to be
passive and only receive information
without much active involvement in
learning. I In addition, this model causes
students' way of thinking to be less
developed because students only focus on
theory but are not trained to think critically,
(24 then makes students feel bored, so they
are less motivated to follow the learning.
This can cause student learning outcomes to
be less than optimal.

This study applies the Problem-Based
Learning (PBL) model with science data
integration for classes designated as
experiments. The syntax of the PBL model
consists of 5 stages, namely introducing
students to the problem, organizing students
in learning activities, guiding individual and
group investigations, developing and
presenting student work results, and ending
with analysis and evaluation of the problem-
solving process. [%1 Through this PBL
model, students have the opportunity to
discuss, collaborate, share knowledge, and
conduct evaluations to solve problems given
in the form of science data. 2] Then, at the
end of the learning process, each group
member makes a presentation, allowing
each student to share knowledge and
together find the most appropriate way to
solve the problem. [27]

This study integrates the Problem-Based
Learning (PBL) model with science data.
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This integration is carried out so that
students are interested in solving problems
in PBL. The science data used is in the form
of real problems or cases that are relevant to
everyday life and are presented in the form
of graphs. The material used in this study is
the role of bacteria in life. In this study,
problems regarding antibiotic resistance
cases are presented in the form of graphs
that illustrate the increasing trend of
antibiotic resistance cases in Indonesia over
the past few years to make it easier for
students to learn and understand the
problems that are occurring.

Real problems can encourage students to be
actively involved in finding solutions to
problems. This happens because students
who are faced with problems that happen in
life will be more enthusiastic about
participating in learning and trying to find
the right solution to the problem. ¥l The use
of science data makes students more
confident in the problems they face because
the information in the data is obtained from
an event or research results that are factual.
In addition, problems presented in the form
of scientific data, such as graphs, tend to be
easier to understand than problems
presented in the form of sentences. [*1 Thus,
the presentation of problems in the form of
science data in the form of graphs can
increase students' interest in being actively
involved in the problem-solving process.
The discussion process in the PBL model
also provides an opportunity for students to
discuss and collaborate in solving problems
in science data, which can increase students'
knowledge. [#21 Therefore, the integration of
the PBL model with science data makes
students more interested in the problems
given and actively involved in learning to
find solutions to problems, which can affect
students' knowledge.

CONCLUSION

Based on the results of the study, it could be
concluded that the Problem-Based Learning
model with science data integration affects
the critical thinking and  biology
achievement, with the ANCOVA results

showing a significance (sig.) of 0.000. The
problems presented in science data require
students to analyze data to understand
information and find solutions, and
discussions in the PBL model allow students
to exchange knowledge in solving problems.
This can train students to make decisions
based on the results of data analysis
correctly so that it affects their critical
thinking abilities. In addition, real problems
that are relevant to life and presented in the
form of scientific data make students more
interested and believe in the problem. This
can encourage active student participation in
learning to find solutions to problems so
that student knowledge increases.
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