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ABSTRACT

Education in the 21st Century guides the development of education. One of them is the ability to think
critically. A learning model that can improve students' critical thinking skills is the Problem Based Learning
model. The Problem Based Learning model that is applied must have supporting teaching materials, namely
worksheet. This research aims to see the effect of the problem based learning model assisted by worksheet on the
critical thinking abilities of class X Senior high school students. The type of research is quasi experimental with
posttest only Control Design. The research population was the entire class X of the Senior High school in Lubuk
Sikaping. Sampling was taken using purposive sampling technique. The research took two sample classes which
were used as the experimental class and the control class. Providing critical thinking final test essay sheets to
the two sample classes revealed differences in students' critical thinking abilities. Data analysis shows that the
average critical thinking skills of the experimental class is greater than the control class, namely 76.23 > 68.8.
The results of the test analysis showed that the two sample classes were normally distributed and had
homogeneous variances. The t, test result of 2.91 with a t;2.00 shows that the t, is outside the Ho acceptance
area, meaning that H1 is accepted at a real level of 0.05. So it can be concluded that there is an influence of
using the Problem Based Learning model assisted by worksheet to improve students' critical thinking skills.
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I. INTRODUCTION

The development of science and technology in the 21st century has changed the order of human life. The
rapid development of science and technology demands an increase in the quality of education [1] . Education is
something important and must be given to citizens in order to improve the quality and quantity of knowledge and
improve the functioning of the brain so that they can think and reason. Education is highly demanded to play a
role in improving the quality of Human Resources (HR) which can keep up with the times and developments in
science and technology.

To face the 21st century, humans are required to have four skills, namely 4C skills (Critical Thinking,
Creative Thinking, Collaboration, and Communication). One of the important and expected skills is the skill to
think critically. Critical thinking skills are very important so as not to be left behind with the development of
time. The ability to think critically is intellectual capital as the most important part of thinking maturity [2] .
Good critical thinking skills can form rational attitudes and behavior [3] . A reliable critical thinker will have the

ability to find problems and formulate questions precisely and clearly, convey relevant information with logical
thinking, valid conclusions and be able to implement them practically [4] .
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In realizing the skills demanded in the 21st century, especially critical thinking skills, the government has
made various efforts to improve the quality of education in the era of globalization, one of which is curriculum
development in each period. The curriculum is the most important aspect of education so that the goals of
education are achieved . Curriculum development in each period, namely from the Education Unit Level
Curriculum (KTSP), K-13 and now the Independent Curriculum which is currently being implemented . The
Independent Curriculum aims to encourage students to hone their thinking patterns, requiring them to play an
active role and dig up information , be able to observe, reason, analyze and conclude what is obtained or known
after receiving learning, so as to improve students' thinking abilities.

Among the subjects studied in formal education, one of them is Natural Sciences (IPA) and one of them is
Physics. Physics learning required in the Independent Curriculum is student centered learning. Students learn to
find problems, make hypotheses, design simple experiments, conduct experiments, analyze data, draw
conclusions and communicate experimental results to train critical thinking skills , working together, working
together and reasoning [5] . In order for Physics learning to run well, it must be in accordance with the process
standards that are carried out in order to serve as a guide in carrying out an effective, optimal and efficient
learning process [6] . One of the process standards that must be carried out is that teachers must be clever in
choosing the learning model to be used. One learning model that is in accordance with the Independent
Curriculum and is student center oriented is the Problem Based Learning Model. The Problem Based Learning
model is a learning model that presents various real problems related to certain material so that it stimulates
students to learn actively and find solutions to these problems in order to improve their critical thinking skills [7]

The Senior High School in Lubuk Sikaping is one of the schools implementing the independent curriculum
used, but the demands for an independent curriculum have not been fully implemented. The learning process still
uses a direct learning model. Students tend to be passive in learning Physics, especially in the Nature of Physics
and Measurement material . An analysis of students' critical thinking abilities is still relatively underdeveloped.
This can be seen from the results of the analysis of the critical thinking test instrument which uses physics
questions about material on Physics and Measurement which was given to all students of class X of the Senior
High School in Lubuk Sikaping . The results of the analysis of the average critical thinking skills of class X :
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Fig 1. Graph of critical thinking skills of class X Senior High School in Lubuk Sikaping

In Figure 1, it can be seen that the critical thinking skills of class X Senior High School in Lubuk Sikaping
is still in the undeveloped category and needs to be improved. It can be seen that the average value is still below
50% . Based on these real problems, the solution needed is to use appropriate learning models and teaching
materials that can increase students' learning motivation so they can think critically and logically. One of the
learning models chosen is the Problem Based Learning model .

In order for learning using the Problem Based Learning model to take place well, it must have teaching
materials that support students being able to think critically and logically. Teaching materials are an important
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part of learning because they can be used as a learning resource for both teachers and students in the learning
process [8] and arranged regularly, showing the complete figure of the competencies that students will master in
learning activities [9] . One of the practical and operational teaching materials in the Problem Based Learning
learning model is the Student Activity Sheet ( Learner Worksheet ).

Learner Worksheet is a teaching material that contains material, instructions and steps in solving tasks or
problems that are adapted to the learning model used as a guide for students in the learning process which is
packaged in the form of investigation or problem solving activities according to indicators of learning
achievement to facilitate interaction between students and teachers . The presentation of learner worksheet can
be developed with various innovations according to the learning model applied [10] . Worksheets can help and
train students to be active in learning because students will be used to discovering concepts through these
activities. Through the use of the Problem Based Learning model assisted by learner worksheet , students can
hone their thinking or reasoning skills in solving problems with their scientific thinking skills so that they can
increase their critical thinking abilities.

Based on this explanation, researchers are interested in conducting research with the title " Effect of The
Problem Based Learning Models Assisted by Learner Worksheet to Improve High School Students' Critical
Thinking Skills on the Nature of Physics and Measurement "

1. METHOD

Type study wow used in study t his is experimental or quasi experimental research . Study experiment t his
examines the influence or effects of manipulation or systematic treatment of a variable or more variables another
way to see the effect of treatment on the samples to be studied [11] . This Study use method or design quasi
experiment design using a posttest only Control Design . This research using two sample classes, namely the
experimental class and the control class . Two classes will be applied to the research design in the table 4
below:

Table 1 . Posttest Research Design Only Control Design

Group Treatment Posttest
R1 X1 0]
R2 X2 )

( Source: [12])
Information :

R1 : Experiment Class

R 2: Control Class

O 1: Final Test after beng given treatment in experiment class and control class
X 1: Learning using learner worksheet

X2 : Learning without using learner worksheets

The population in this study were all classes X of the Senior High School in Lubuk Attitude . The sampling
technique in this research was carried out using purposive sampling . Sampling was carried out using a critical
thinking test instrument which was given to the entire population which was then analyzed using statistical tests
to obtain a sample class of class XE-1 as the experimental class and class XE-3 as the control class. The
independent variable used in this research is the influence of the Problem Based Learning model assisted by
learner worksheet . The dependent variable is the critical thinking ability of class X one Semester of the Senior
High School in Lubuk Attitude and control variables are the learning model, subject teacher, subject matter,
learning atmosphere, number and type of questions tested are the same in both classes.

The research was carried out in three stages, namely the preparation stage, implementation stage and completion
stage. The research carried out was limited to the cognitive aspect, by providing written test questions at the end
of the lesson in the form of essay questions. The questions used contain indicators of critical thinking. This
question was given to the two classes used as samples, namely the control class and the experiment class. Before
giving the final test questions, a trial of the questions and statistical data instrument analysis on the questions are
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carried out. There are four stages of statistical analysis used to determine the final test questions, namely testing
the validity of the questions, reliability, differentiation and level of difficulty tested in classes outside the sample
class. So we get 6 questions that can be given to both sample classes. Before being given the final test, both
classes were given a grid of questions. Then the sample class takes the final test given. After obtaining the final
test data from the sample class, statistical data analysis was carried out.

The data used in this research is primary data on critical thinking skills taken through critical thinking
questions in the form of essays with indicators of critical thinking skills. The data in this research is the result of
an assessment of the knowledge aspect so that students can think critically. The data analysis technique aims to
test the truth of the hypothesis proposed in the research. Whether the working hypothesis put forward in this
research is accepted or rejected. Analysis of knowledge data begins with a test of the similarity of two averages.
There are several conditions that must be met when using it, namely that the data is normally distributed and
homogeneous. So before carrying out a test for equality of two means, a normality test and a homogeneity test
are carried out first to fulfill the requirements for a test of equality of two means. If the sample from the
population is normally distributed and homogeneous, then the appropriate statistic to use is the t - test. If the
sample is normally distributed but not homogeneous, then the more appropriate hypothesis test to use is the t' -
test statistic. Meanwhile, if the sample is not normally distributed and does not have a homogeneous variance,
then the hypothesis test used is the u - test [13] .

From the results of data analysis calculations, it was found that there was a significant influence on the use
of the Problem Based Learning model assisted by worksheet to improve students' critical thinking skills in the
Nature of Physics and Measurement material for Class X of the Senior High School in Lubuk Sikaping

I1l. RESULTS AND DISCUSSION
A. Result

The data obtained from the results of this study are data on students' critical thinking skills. Critical thinking
ability data is taken through the instrument of critical thinking questions in the form of essay questions that
contain indicators of critical thinking ability and assessment is carried out based on these indicators. Data
obtained from research through student answers based on descriptors of critical thinking ability indicators. The
data is then processed using statistical tests, namely through the equality test of two averages, the data must be
tested for normality and homogeneity. If the data is normal and homogeneous, then the equality test can be done
to see the critical thinking skills of students. The results of this study state that there is an increase in students'
critical thinking skills.

Description of research data in the form of students' critical thinking skills obtained from the results of
written tests in the form of essay questions as many as 6 questions. This test was given to both sample classes at
the end of learning or the end of the meeting. Based on the results of statistical calculations, the average value
(%) standard deviation (S), and variance (S? ) of experimental class and control class. The average value, highest
value lowest value, standard deviation, and variance of the sample classes are as in Table 2 below:

Table 2. Mean Value, Highest Value, Lowest Value, Standard Deviation and Variance of Sample Classes

Class Highest Score  Lowest score x S s°
Experiment 90 56 76,23 9,73 94,67
Control 90 48 68,81 11,31 127,91

Table 2. shows that the average post-test score of the experimental class was higher than that of the control
class. The average difference between the experimental class and the control class is 7.42. The standard
deviation value of the experimental class is smaller when compared to the standard deviation value of the control
class, This means that the post-test scores of experimental class students are more evenly distributed than the
control class. The variance of the control class is greater than that of the experimental class shows that the ability
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of students in the control class is more varied than the experimental class students. The difference in the final test
results between the two sample classes or not, can be known by conducting an equality test of two means. Data
analysis on the improvement of critical thinking skills was carried out through post-test at the end of the research
meeting. Data analysis was carried out to see the difference in the average of the two sample classes means or
not. Before drawing conclusions from the research results, data analysis was carried out through statistical
hypothesis testing statistics. Hypothesis testing is done to find out whether the hypothesis is accepted or rejected.
Hypothesis testing was carried out through the normality test and homogeneity test of the two sample classes
first, then the equality test of the two averages was carried out.

1. Normality Test

The normality test used in this study is the Lilliefors test. Test Lilliefors test is conducted to see whether the
sample comes from a normally distributed population or not. The results of the normality test of the two sample
classes can be seen in Table 3 below:

Table 3. Posttest Normality Test Results of Both Sample Classes

Class N A Lo Lt Description
XEa 34 0.05 0,079 0,154 Normal
Xe3 33 ' 0,060 0,156 Normal

Table 3 shows that the results of the normality test that has been carried out obtained L, value is smaller
than the Lt value at the real level of 0.05 for n; = 34 and n, = 33, In the table it is obtained that the normality test
result of L in the experimental class is 0.079 while the Lo value for the control class is 0.060. The result of the Lt
value in the experimental class is 0.154 while the Lt value for the control class is 0.156. So it can be concluded
that the data obtained by the value of LO < Lt which states that the data from the final test results of the two
sample classes come from a normally distributed population.

2. Homogeneity Test

The homogeneity test was conducted to see whether the two sample classes had a homogeneous variance or
not. The homogeneity test was conducted through the F Test. Test results homogeneity test results of both
sample classes can be seen in Table 4 below:

Table 4. Homogeneity Test Results of Postes of Both Sample Classes

Class N x s? Fh Ft Description
Experiment (X )g.q 34 76,23 94,67 1,35 1,82  Homogeneous
Control (X )es 33 6881 127,91

Table 4 above shows that the Fh result for the sample class was found to be 1.35. From statistical analysis
for Ft value is 1.82. Both sample classes have homogeneous variance if the value of Fh < Ft. Dta shows that the
sample has a value of Fh < Ft. That is 1.35 < 1.82. So it can be concluded that the data of the two sample classes
have a homogeneous variance.

3. Hypothesis Test

Hypothesis testing is used to determine whether the hypothesis is accepted or rejected. The hypothesis test
used is the two mean comparison test. Based on the normality test and homogeneity test of the final test data, it
was found that the two sample classes were normally distributed and had homogeneous variances, so the
hypothesis test for the two sample classes used was the t test, as shown in Table 5 below:

Table 5. Hypothesis Test Results - t Postets Sample Class
Class N S s? t, t, Description
Experiment (X )g.;, 34 9,73 94,67 291 2,00 There isa difference in improving
critical thinking skills

Control (X )3 33 11,31 127,91
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Based on Table 16, it is obtained that o, = 2.91 While ty,e = 2.00 at the real level = 0.05 and dk = 65. Ho
acceptance criteria, if -t upei<tiwund < twpe, Or t <t;.Because th = 2.91 is outside the Ho acceptance area and t;,
is greater than t; , then the working hypothesis Hi is accepted. These results indicate that the accepted hypothesis
is that there is a significant effect of using the Problem Based Learning model assisted by learner worksheet
on students’ critical thinking skills on the subject of the Nature of Physics and Measurement of Class X
Senior High School in Lubuk Sikaping.

The test questions were made in accordance with the indicators of critical thinking , namely there are 5
indicators, namely: the ability to identify problems (Interpretation), the ability to analyze arguments into other
forms with the same meaning (Analysis), the ability to assess the credibility of claims and the strength or
weakness of arguments (Evaluation), the ability to draw conclusions (Inference), and the ability to explain
something in detail (Explanation) [14] . Based on data analysis, there are differences in students' critical thinking
skills in the two sample classes. Based on students' knowledge competencies, the percentage of critical thinking
skills of experimental class students is higher than the control class as shown in Figure 2 below:

Critical Thingking Skill Students of The
Sample Class

m Experiment

W control

Interpretaion Analyss Evaluation Inference Explanation
Indicator of Critical Thinking Skill Kemampuan Berpikir Kritis

Figure 2. Graph of Critical Thinking Skill of Sample Class Students

From Figure 2 , it can be seen that the value of students' critical thinking skills per indicator is different from
the value of critical thinking skills in the experimental and control classes. In each indicator of critical thinking
ability , the experimental class students were higher than the control class. In the experimental class, the
interpretation indicator was 85%, Analysis 79.9%, Evaluation 67.93%, Inference 74.43%, and Explanation
73.89%. While in the control class the interpretation indicator was 73.67%, Analysis 70.1%, Evaluation 55.88%,
Inference 66.8%, and Explanation 63.9%. The difference in the value of this ability occurred because the
experimental class was given different treatment from the control class. In the experimental class, learning was
assisted by the use of the Problem Based Learning model assisted by learner worksheets while in the control
class it was not. The results of critical thinking skills in both sample classes in the initial condition have the same
ability. After applying the Problem Based Learning model assisted by learner worksheet to one of the sample
classes, namely the experimental class on the material of the Nature of Physics and Measurement, there were
differences in critical thinking skills in the experimental and control classes. This difference indicates that there
is a significant effect of using the Problem Based Learning model with worksheet to improve the critical thinking
skills of students in class X of the Senior High School in Lubuk Sikaping.

B. Discussion

This research was carried out at Senior High School in Lubuk Attitude from 10 July 2023 to 14 September
2023. This research began by conducting initial observations in the form of interviews with the Physics teacher
and through a test instrument in the form of 4 Physics essay questions which contained indicators of critical
thinking. This initial observation aims to see students' initial critical thinking abilities before being given
treatment and determine the sample class that will be used as the class that will be studied in the research. Two
classes were taken as samples, namely the experimental class and the control class. The experimental class was
obtained, namely class X g.1 anq the control class, namely XE-5
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The results of the research carried out are appropriate and related to the research theory used. In this study,
researchers used the Problem Based Learning model which will be taught to the two sample classes, namely the
experimental class and the control class. The use of the Problem Based Learning model is related to the theory
put forward by several experts, namely by [15] who states that the Problem Based learning (PBL) model is
learning that focuses on daily problem solving activities that are student-centered. This is also in accordance with
the theory by [16] , namely the Problem Based Learning model is learning that displays various real problems
experienced by students in everyday life, so that it functions as a stepping stone for investigation. The PBL
model used is supported by Gagne's learning theory which states that the learning process increases with
increasing age and the practice an individual obtains, and learning will be faster if cognitive strategies can be
used to solve problems more efficiently [17] . The Problem Based Learning model in this research is in
accordance with the theory put forward by experts, namely that during the learning process students are very
active in solving or finding solutions to the daily problems they are given. Students discuss in groups to find
information and solutions to a given problem while the teacher acts as a facilitator. During learning, the teacher
provides an introduction (orientation) to students' lives in accordance with the related material. Then, the teacher
(‘organizes ) the students regarding the problem. Then, the teacher encourages students to obtain information by
experimenting (investigation). With the experiments that students have carried out, the teacher guides students to
make reports (presentation of results) and publish them (evaluation) in the form of presentations. The main goal
of the Problem Based Learning model is to develop students' critical thinking skills and problem solving abilities
in building their own knowledge [18] .

In this research the experimental class and control class used the same learning model, namely the Problem
Based Learning model on the Nature of Physics and Measurement material but with different teaching materials.
In the experimental class, Problem Based Learning based worksheet teaching materials were used plus student
textbooks, while in the control class the teaching materials used were school worksheet teaching without P
roblem Based Learning -based and student textbooks. Learning with learner worksheet teaching makes students
learn independently with their groups and carry out learning steps according to the worksheet teaching. Students
in groups will discuss solving a problem contained in the learner worksheet teaching and then present it. This is
in line and related to the theory by [19] which states that Student Worksheets can be used to develop cognitive
aspects in the form of investigation or problem solving activities according to the indicators to be achieved. The
worksheet used in this research contains sheets of paper containing summaries, implementation instructions and
material that must be worked on by students in reference to the goals to be achieved [20] .

The role of worksheets is very large in the learning process. Worksheets can improve students' problem
solving skills, critical thinking, and mastery of concepts, especially in the field of physics learning [21] .
Worksheet can direct students to solve Physics problems through problem solving steps [22] . Worksheets can
also increase student motivation and be able to build student arguments in learning [23] . Worksheets are very
good to use to increase student involvement in the learning process which guides students to discover concepts,
one of which is Problem Based Learning (PBL). The use of Problem Based Learning based worksheet in
experimental classes provides many benefits in the learning process teaching, especially in an independent
curriculum which emphasizes active students, including making it easier, faster and improving students' ability
to master the subject matter.

Learning with the help of Problem Based Learning-based Worksheet can improve students' critical thinking
skills, especially in physics learning because it can produce graduates who are in line with the needs of
technology and information development [24] . The Problem Based Learning-based worksheet in this research
contains material about the Nature of Physics and Measurement. At each meeting, Problem Based Learning -
based worksheet will be given to the experimental class according to the sub-material to be studied. This
worksheet contains learning steps according to the syntax of the learning model used. Because this research uses
the Problem Based Learning model, the worksheet used must be adapted to the syntax of the Problem Based
Learning model, namely orientation, organization, investigations guiding, developing and presenting work
results and evaluation.

Through the use of the Problem Based Learning model assisted by Problem Based Learning-based
worksheet , it has the effect of honing students' thinking skills and activeness so that they can increase students'
critical thinking abilities. In line with theory [25] which states that critical thinking is an active activity that
involves the process of manipulating and changing information in memory. Based on the theory put forward by
this expert, it turns out to be related and proven to be the learning process that took place during the research.
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During the learning process, researchers saw that students were actively and competitively searching for
solutions in solving a problem given through worksheets in their respective groups. Students discuss and
exchange ideas together and state their reasoning and hypotheses to solve problems in the worksheet which they
will then present.

It was proven that the average value of the critical thinking abilities of class, the average score of
experimental class students who used Problem Based Learning-based worksheet was much higher than the
average score of control class students who used non-Problem Based Learning-based school worksheet . This
can be seen from the results of the worksheet answers and the posttest results that have been given, the average
student score is better than before, especially the average score of experimental class students is much higher
than the average score of the control class. Based on the results of observations, the quality of student learning is
increasing day by day. This is in accordance with the expectations of the Merdeka Curriculum, namely that
learning is student center oriented, which is the dominant learning activity for students, the teacher only guides
and facilitates the learning process to be carried out. Research conducted by [26] concluded that teachers and
students need to apply the Problem Based learning model and worksheet in learning. Because of this, the use of
teaching materials such as Student Worksheets is an alternative for improving students' critical thinking skills.
The effectiveness and efficiency of Problem Based Learning -based worksheet is able to support student
learning, especially in Physics subjects, especially in the Nature of Physics and Measurement material.

The results of this research were to see how the use of the Problem Based Learning model assisted by
worksheets had an effect on the critical thinking abilities of Class Based on the results of the final test analysis
(posttest) , it showed that the average critical thinking the ability of students in the experimental class is higher
than that in the control class, the experimental class average is 76.23 and the control class average is 68.81. The
sample is normally distributed and the variance is homogeneous so that a t-test is carried out, at the 5% level of
significance the t ,yae is in the Ho rejection area. This shows that the two classes have differences in average,
the difference in average critical thinking abilities between the experimental class and the control class occurs
due to the influence of the treatment given to the experimental class in the form of the use of the Problem Based
Learning model assisted by Problem Based Learning - worksheet . So it can be concluded that there is an
influence of using the Problem Based Learning model assisted by worksheet on the critical thinking abilities of
class

This research has been carried out as best as possible, but there are still several obstacles in conducting
research. The first obstacle is limited class hours when testing questions at Senior high school in Lubuk Suhuing
. The solution is to ask the next subject teacher for permission to add more hours to the Physics lesson that day.
The second obstacle is that students are not used to using worksheets in learning. This can be seen at the first
meeting, students still have difficulty understanding or using the worksheet . The solution is to provide guidance
and direction to students in using workseet regarding the nature of Physics and Measurement material. The next
obstacle is that the class conditions during learning are a bit noisy because students in each group start discussing
and are enthusiastic in expressing their opinions. The solution is to remind students to maintain a more
conducive learning atmosphere, and invite students to respect each other in group discussions.

IV. CONCLUSION

Based on the data analysis that has been carried out, conclusions can be drawn. That the application of the
Problem Based Learning model assisted by worksheet in the experimental class and the application of the
Problem Based Learning model without the assistance of worksheet in the control class, obtained differences in
the results of critical thinking abilities in the two sample classes. The average critical thinking ability score of
experimental class students was higher than that of the control class. The results of the hypothesis test show that
this situation occurs because there is a significant influence of the Problem Based Learning model assisted by
worksheet on the critical thinking abilities of class X Senior High School in Lubuk Sikaping on the Nature of
Physics and Measurement
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