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INTRODUCTION
The existence of changes and changes in the curriculum in Indonesia certainly cannot be separated from the problem of changing times. Because, in essence the implementation of education is one form of solution to the problems faced by the nation and state. In other words, education will continue to develop along with changing times. Because through education, this nation and country will progress. However, as a result, the future challenges we will face will be even greater. To prepare a generation capable of facing future challenges, of course, a learning system is needed that can build high order thinking skills (HOTS). Therefore, the curriculum needs to be developed in order to provide the best service to students to be able to think creatively, independently, and innovatively. To realize it all, one of the efforts made is to develop a curriculum. Because the success or failure of an education is greatly influenced by the existing curriculum.
21st century learning has several characteristics, including seeking information from various sources, analytical thinking, working together, collaborating in solving problems. This means that there are various kinds of skills that students need to master in the 21st century[1]. One of them is the 4C skills which consist of communication skills, collaboration skills, critical thinking skills, and creative thinking skills. These skills are needed so that students are successful in facing future challenges. With 4C skills, students' thinking patterns will become more trained in solving complex problems. This is in line with the objectives of the 2013 Curriculum, namely to form and improve productive, creative, innovative, and affective human resources accompanied by strengthening integrated attitudes, skills and knowledge. [2].
The 2013 curriculum is a curriculum developed to improve and balance soft skills and hard skills in the form of attitudes, skills and knowledge. As it is known that the 2013 Curriculum seeks to combine attitudes, skills, and knowledge abilities. In other words, attitudes and skills are more of a priority than knowledge. Nevertheless, it is hoped that these three abilities can run in balance and go hand in hand so that learning achievement can be maximally successful[3]. One form of soft skills needed in the 21st century is 4C skills (communication, collaboration, critical thinking, creativity).
Based on observations made at SMAN 3 Pariaman, the problem was obtained as a real condition in the field. Observations were carried out in two ways, namely through interviews with physics subject teachers related to the application of worksheets and learning models (Appendix 3) and through analysis of the Daily Test (UH) answer sheets for Newton's law of gravity related to the value of students' critical thinking skills (Appendix 5) .
In the first observation, through the analysis of the daily test answer sheets to see the initial level of students' critical thinking skills. The results of the answer sheet analysis can be seen in Figure 1 below.
[image: ]
[bookmark: _Toc94309753]Fig.1. The Average Value of Critical Thinking Skills for Class XI Students at SMAN 3 Pariaman
Figure 1 above shows that the achievement of critical thinking skills of class XI students at SMAN 3 Pariaman is still relatively low, as evidenced by the average score that has not reached the critical category according to Arikunto[4]. It can be seen that the average value of each indicator, namely analysis, evaluation, and inference for class XI science 1 is 44, 40, and 37. Then for class XI science 2 is 35, 31, and 29. Finally, for class XI science 3 are 19, 18, and 16. All of the class average scores are in the non-critical category. Details of the value of students' critical thinking skills can be seen in Appendix 4 and 5.
In the second observation, through interviews with the physics subject teacher at the school, some information was obtained (Appendix 3), namely the teacher had implemented the 2013 Curriculum in the learning process by applying the inquiry learning model, but it was rarely used and teachers still often used the lecture method that makes teachers tend to be the center of learning so that students become passive in learning and curriculum demands are difficult to improve. The use of physics worksheets in schools is also not optimal. Teachers rarely use worksheets and only use them when going to practicum and more often use homework books published by Intan Pariwara. From the two observations, it shows that there are problems in the physics learning process in schools.
By looking at this situation, it is hoped that teachers can apply learning models and media that can train students' critical thinking skills and make student-centered learning in line with the characteristics of the 2013 Curriculum. There are several learning models that can be applied in the 2013 Curriculum., including discovery learning, inquiry learning models learning, problem based learning, problem solving, and so on. 
One solution that can be done to help students improve their 4C skills, especially critical thinking skills, is to use learning media such as Student Worksheets which serve to assist and facilitate teachers in delivering learning materials. As stated by Majid[5], that Student Worksheets are important to trigger and help students carry out learning activities in order to master an understanding, skill and attitude. For students, the Student Worksheet is a guide used to conduct investigations or problem solving. As for teachers, Student Worksheets can help the teacher's role as a facilitator, can save time, and create effective and interactive learning, and can be used as a guide in learning. In addition, the advantages of using Student Worksheets in the learning process according to Majid[5] are increasing learning activities, encouraging students to be able to work alone, and guiding students well towards concept development. So with the Student Worksheet, learning physics will be easier to convey, can help students apply and integrate various concepts that have been found, Student Worksheets can also function as a learning guide, as reinforcement, as well as practical instructions.
Based on research that has been done previously, such as research conducted by Sindani[6] shows that learning using Student Worksheets makes students more active and free to interact with their environment. And the research that has been done by Zikri[7] also shows that each indicator of critical thinking skills, namely analysis, evaluation, and inference will become more trained if a problem or questions are often solved using a problem solving model. This is in accordance with the opinion of Sanjaya[8] which states that problem solving is one of the learning models that can improve students' critical thinking skills which is reinforced by the statement of Djamarah and Zain[9] , that one of the learning models that can train students in dealing with and solving problem is a problem solving learning model. Therefore, here researchers are interested in using problem solving models and problem solving-based Student Worksheet learning media in the learning process in order to train and improve the skills needed in the 21st century, especially critical thinking skills. This Student Worksheet is believed to be sufficient to overcome problems in the achievement of 21st century skills of students, especially critical thinking skills. Because the problem solving process is closely related to critical thinking skills. A problem will be quickly resolved if someone involves his critical thinking skills in the process of solving the problems at hand.
By using a product that has been made by a previous researcher, namely Rara Nur Rida[10], who has made Student Worksheets based on problem solving on the kinetic theory of gases, has been validated with an average validity of 87.2 in the very valid category. Elsa Okta Memory[11] made a problem-solving-based Student Worksheet on thermodynamic material which has also been validated with an average validity of 83.3 which is included in the very valid category. The application of these two Student Worksheets was carried out on the material of gas kinetic theory and thermodynamics class XI in accordance with the products made by the two previous researchers. solve problems with a high level of difficulty (HOTS).
Building on existing products, the researchers wanted to see whether the problem-solving-based student worksheet applied to students' critical thinking skills levels and compared it to classes that did not use the problem-solving-based student worksheet. Therefore, the title of this study is "Influence of the application of problem-solving-based student worksheets on student achievement in critical thinking skills for material theory of gas kinetics and thermodynamic in class XI at SMA Negeri 3 Pariaman".
METHODS
This research method is Quasi Experimental Research. Sugiyono stated that quasi-experimental research is research that consists of a control group, but does not provide full control over external factors that can affect the implementation of the experiment[12]. Therefore, this research was conducted by giving treatment to the experimental group and using the control group as a comparison. So that students are grouped into 2 classes, namely the experimental class and the control class.
In the experimental class, researchers provide treatment using student worksheets based on problem solving. While in the control class, student worksheets are used commonly used by teachers at school. At the end of the study, two sample classes were given tests in the form of essay questions to see students' critical thinking skills levels. The design of this study is Posttest Only Control which can be described in Table 1 below.
[bookmark: _Toc77360190]Table 1. Posttest Only Control Research Design
	Group
	Treatment
	Posttest

	Experiment 
	X
	T

	Control 
	-
	T


(Source: Ref [16])
Information: 
X	: Actions for the experimental class (problem solving-based worksheets)
T	: The final test was given to the experiment class and the control class
The population of this study is the students of the SMAN 3 Pariaman XI Science 1, XI Science 2 and XI Science 3 classes in Semester 2 of the 2020/2021 academic year. Population selection is based on similarity of teachers teaching the population's classes. While the sample in this study consisted of 2 classes, namely the control class (35 people) and the experiment class (36 people). However, since the study was conducted when Covid-19 hit, one sample class was divided into 2 sessions, meaning there were 2 experimental classes and 2 control classes. The sampling technique used is a purposeful sampling technique. A purposeful sampling technique is a sampling technique with certain considerations or goals that is not based on stratum, group, random, or area [12]. Sampling in this study was based on classes that had high average scores and quickly adapted to the given learning model because what was being studied was the level of students' critical thinking skills, for that the researchers chose classes XI science 1 and XI science 2 to be sampled because both classes have almost the same average value. After selecting the sample, then analyzing the two sample classes whether they have almost similar initial skills or not by using the two-average similarity test. The first thing to do is test for normality and test for homogeneity. A test of normality is designed to see if two sample classes come from normally distributed data, while a test of homogeneity is designed to see if the sample classes have homogeneous variances..
[bookmark: _Toc77360192]Table 2. Initial Results of Sample Class Normality Test
	Sample Class
	N
	A
	L0
	Lt
	Information

	XI science 1 class
	36
	0.05
	0,0833
	0,147
	Normal

	XI science 2 class
	35
	
	0,1239
	0,149
	


The terms of a data are said to be normally distributed if Lo < Lt, and vice versa. Table 2 above shows that the results of the two sample classes show Lo < Lt with a significant level of 5%. Because the normality test results show that Lo is smaller than Lt, it can be interpreted that the two sample classes have been normally distributed.
[bookmark: _Toc77360193]Table 3. Initial Results of Sample Class Homogeneity Test
	Sample Class 
	N
	
	S
	S2
	Fh
	Ft
	Information

	XI science 1 class
	36
	
	14,30
	
	1,13
	1,82
	Homogen 

	XI science 2 class
	35
	
	13,45
	
	
	
	


The condition of a sample is said to have homogeneous variance if Ft < Fh, and vice versa. Table 3 above shows that Ft < Fh (1.31 < 1.82). Because the homogeneity test results show that Ft is smaller than Fh, it means that both classes have homogeneous variance.
[bookmark: _Toc77360194]Table 4. Initial Results of the Sample Class Average Similarity Test
	Sample Class  
	N
	
	S
	S2
	  Th
	       Tt
	Information

	XI science 1 class
	36
	
	14,30
	
	2,75
	1,997
	Have the same initial ability

	XI science 2 class
	35
	
	13,45
	
	
	
	


The requirements of a sample can be said to have almost the same initial skills if th > tt, and vice versa. Table 4 shows th > tt (2.75 > 1.99). It turns out that the results of the similarity test of the two averages above show that th is greater than tt, which means that it has fulfilled the requirements, namely that the sample has the same initial skills. Then to determine the experimental class and control class, cluster random sampling technique was used, so that class XI science 1 was obtained as the experimental class by applying problem solving-based student worksheets and class XI science 2 as the control class by applying the student worksheets available at school.
There are 3 variables for this study, including control, independent, and dependent variables. The control variables here are in the form of kinetic gas theory and thermodynamics, students' initial abilities, learning time, subject teachers, the number of questions given for the two sample classes is the same. The independent variable here is the student worksheet based on problem solving, and the dependent variable is the achievement of students' critical thinking skills. The data collection techniques used were then interviews, documentation and final testing. The researchers conducted a final test in the form of a dissertation test to understand the value of students' critical thinking skills through critical thinking indicators such as analysis, evaluation and inference. The tools used were final exam questions that included critical thinking indicators. To see how well the instrument used is, it is necessary to test the level of validity, reliability, difficulty, and distinguishing power of the instrument. If it is not good, it is necessary to revise the related instrument.
I. RESULTS AND DISCUSSION
A.  Research result 
1. Data Description
In the research process, the data that needs to be collected are the critical thinking ability values ​​of the students in the sample class from the analysis of critical thinking indicators, the Student Worksheet answer sheet and the final test. The final test is administered in the form of essay questions at the end of the study using written testing techniques.
a. Value of Critical Thinking Skills in Both Sample Classes During the Learning Process
[bookmark: _Toc77360203]The first assessment is based on the analysis of the Student Worksheet answer sheets that are done by students to see how the development of students' critical thinking skills during the learning process. The sample class consisted of two classes, namely the experimental class and the control class, each class having groups of 36 and 35 students respectively. Because each class is divided by 2, the experimental classes A and B are both 18 people. After the calculation, the critical thinking scores of the experimental class students are obtained as shown in Table 5 below.
Table 5. Average Value of Critical Thinking of Experimental Class Students During the Learning Process
	The Meeting
	Critical Thinking Skills Indicator

	
	Analysis
	Evaluation
	Inference

	
	Experiment class A
	Experiment class B
	Experiment class A
	Experiment class B
	Experiment class A
	Experiment class B

	1
	32
	31
	35
	37
	23
	31

	2
	38
	38
	49
	48
	44
	42

	3
	45
	47
	54
	53
	47
	44

	4
	51
	49
	58
	62
	58
	47

	5
	59
	65
	66
	63
	69
	56

	6
	67
	68
	67
	73
	69
	67

	7
	72
	73
	74
	78
	81
	69

	8
	76
	76
	75
	85
	81
	83

	Average Value
	55
	56
	60
	62
	59
	55


Table 5 above shows that the value of students' critical thinking skills using problem-solving-based student worksheets for analysis, evaluation, and inference indicators of students' critical thinking skills achievement is increasing at each session. 
[bookmark: _Toc94309797]Table 6. Average Value of Critical Thinking Skills for Control Class Students during the Learning Process
	 The Meeting
	Critical Thinking Skills Indicator

	
	Analysis
	Evaluation
	Inference

	
	Control class A
	Control class B
	Control class A
	Control class B
	Control class A
	Control class B

	1
	26
	25
	34
	37
	17
	17

	2
	29
	30
	37
	40
	28
	29

	3
	33
	33
	43
	43
	35
	38

	4
	48
	49
	48
	51
	39
	40

	5
	55
	57
	52
	55
	43
	43

	6
	57
	60
	57
	57
	57
	57

	7
	60
	63
	64
	70
	62
	64

	8
	65
	66
	72
	72
	67
	66

	Average Value
	47
	48
	51
	53
	44
	44


Table 6 above shows that the value of students' critical thinking skills for analysis, evaluation, and inference metrics increased in achievement of students' critical thinking skills at each session using the school-provided student worksheet.
b. Average Value of the Final Test of Critical Thinking Skills of the Sample Class Students
The final assessment is a final test of two sample classes in the form of a written test consisting of 6 essay questions. After the calculations are done, the final value of critical thinking skills for the two sample classes is obtained which can be seen in Table 7 below.
[bookmark: _Toc94309798]Table 7. Average Value of the Final Test of Critical Thinking Skills Experiment Class
	No
	Sample Class
	The Number of Students
	Critical Thinking Skills Indicator
	Average Value

	
	
	
	Analysis
	Evaluation
	Inference
	

	1
	Experiment Class A
	18
	85
	87
	77
	84

	
	Experiment Class B
	18
	78
	80
	74
	78

	Experiment Class Average
	82
	84
	76
	81

	2
	Control Class A
	18
	78
	81
	73
	78

	
	Control Class B
	17
	74
	77
	70
	74

	Control Class Average
	76
	79
	71
	76


Table 7 above shows that the final test scores for critical thinking skills for each indicator improved after processing both sample classes. It can be explained that the achievement of students' critical thinking ability has reached the critical category. 
2. Data analysis
a. Average Value of Critical Thinking Skills of the Sample Class Students During the Learning Process
The average value of critical thinking skills of experimental class students on each indicator and every meeting (1 to 8) during the learning process was obtained through problem solving-based student worksheets, as shown in Table 5.
After calculating the average value of critical thinking skills in all meetings, the analysis of the average value of critical thinking skills in experimental class A and experimental class B during the learning process can be seen in the Figure below.
[image: ]
[bookmark: _Toc94693977]Fig.2. Average Value of  Students Critical Thinking Skills for Experimental Class During the Learning Process
Figure 2 above shows that among the three indicators of students' critical thinking skills the most prominent is the evaluation indicator, this shows that the average experimental class students are able to critically assess an argument given, write units and solve problems correctly.
During the learning process, the two experimental classes were processed using a problem-solving learning model and a problem-solving-based student worksheet. Students' critical thinking skills are assessed from student worksheets that students complete in the structured task section. The first time we met, there was little difference in the index values ​​between class A and class B. This happens because students are still confused and not used to working with student worksheets based on applied problem solving. At the next session, the value of students' critical thinking skills begins to increase as students adapt to student worksheets and problem-solving learning models applied by teachers. 
The average value of the critical thinking ability of the students in the control class in each index and each meeting was calculated (1 to 8) during the learning process was obtained through student worksheets from the school that students worked on, as shown in Table 6. Then the analysis of the average value of critical thinking skills for control class A and control B during the learning process as shown in the figure below.

[image: ]
[bookmark: _Toc94693981]Fig.3. Average Value of Students Critical Thinking Skills for Control Class during the Learning Process
Figure 3 above shows that among the three indicators of students' critical thinking skills the most prominent is the evaluation indicator, this shows that the control class students on average are able to assess an argument given very critically, write units and solve problems correctly.
To see a comparison of the value of critical thinking skills in the sample class, all data were put back together, where the number of students after being combined for the experimental class was 36 students while the control class was 35 students. Comparison of the value of critical thinking skills of the two sample classes after during the learning process can be seen in the figure below.
[image: ]
Fig.4. Comparison of the Average Value of Students Critical Thinking Skills for Sample Class during the Learning Process
Figure 4 above shows that among the three indicators of students' critical thinking skills the most prominent is the evaluation indicator, this shows that the control class students on average are able to assess an argument given very critically, write units and solve problems correctly.		
As can see from the images above, critical thinking skills have improved for each metric. During the learning process, the two control classes were processed using the lecture learning method and the student worksheet provided by the school. Students' critical thinking skills are assessed through questions that students complete from student worksheets.  Every meeting there was an increase, but it was not too different from the previous meetings, some even had not reached the KKM 75 limit. Meanwhile in the experimental class there was a much more significant increase in critical thinking skills. This is because the control classes did not use the student worksheets and the 2013 curriculum learning model, so learning remained teacher-centered, leaving students with less training in their problem-solving and critical-thinking skills.
b. Average Value of the Final Test of Critical Thinking Skills of the Sample Class Students
The final test average the critical thinking ability of the students in the two sample classes by analyzing the answers to the final exam in the form of 6 essay questions according to the sub-indices of critical thinking ability, at the end of a study equipped with a grid of questions. After doing the calculations, the data on the value of students' critical thinking abilities are obtained as shown in Table 7. For data analysis the average value of the final test of critical thinking skills in the experimental class A and experimental class B can be seen in the figure below.
[image: ]
Fig.5. Average Value of Students Critical Thinking Skills Final Test for Experimental Class Students A and B
Figure 5 above shows that the average value of critical thinking skills in experimental class A and experimental class B has increased and is included in the critical category. The most notable improvement occured in the evaluation indicators.
To analyze the average value of the final test of critical thinking skills for control class A and control class B, see the image below.
[image: ]
Fig.6. Average Value of Students Critical Thinking Skills Final Test for Control Class Students A and B
Figure 6 above shows that the average value of critical thinking skills in the control class A and control B also increased and was included in the critical category, but was lower than the experimental class. The most notable improvement occurred in the evaluation indicators.
For data analysis, the average of the final test of critical thinking ability for the two sample classes is shown in the graph below. 
[image: ]
[bookmark: _Toc94309761]Fig.7. Final Average of Critical Thinking Skills in the Sample Class
Figure 7 above shows the value of students critical thinking ability indicator in the experimental class, i.e. XI science 1, which can be explained as follows: the student analysis indicators reached 82, this shows that the average experimental class students are able to identify the problems presented, collect detailed information to solve problems, mastering the relationship of concepts used in solving problems, being able to write down what must be done in solving problems. Furthermore, the student evaluation indicators reached 84, this shows that the average experimental class students were able to assess an argument given very critically, write down units and solve problems correctly. Finally, the student inference indicator reached 76, this shows that on average the experimental class students are able to make and determine solutions or conclusions to the problems they face correctly.
The achievement of indicators of critical thinking skills of control class students, namely class XI science 2 can be explained as follows: the indicator of student analysis reached 76, this indicates that the control class on average is able to identify the problems presented, collect detailed information to solve problems, master the relationship between concepts and concepts. concepts used in solving problems, able to write down what must be done in solving problems. Furthermore, the student evaluation indicators reached 79, this indicates that the control class students on average were able to assess an argument given very critically, write down units and solve problems correctly. Finally, the student inference indicator reached 71, this shows that on average the control class students are able to make and determine solutions or conclusions to the problems they face correctly.
If figure 7 is put together, then the average final test scores of students' critical thinking skills in the experimental and control classes are 81 and 76 which are included in the critical category. After analyzing the final exam results from the two sample classes, it turned out that there was a significant difference in improving students' critical thinking skills. It can be seen that there is a difference in the improvement of students' critical thinking skills between the experimental class and the control class. The difference is in the treatment of the two sample classes. The experimental classes were processed using student worksheets based on problem solving and problem solving learning models, while the control classes only used the lecture method and school student worksheets. Due to the application of problem-solving-based student worksheets in the experimental class, the level of critical thinking ability of the students in the experimental class was higher than that in the control class.  
Before drawing conclusions from the results of this study, it is necessary to look for the results of normality tests, homogeneity tests, and hypothesis tests. After getting the results of the normality test and the homogeneity test, the next step is to use the t-test to find the results of a hypothesis test designed to test the truth of a statement or hypothesis previously.
c. Normality Test
[bookmark: _Toc94693967]Table 8. Normality Test Results Sample Class
	Sample Class 
	N
	A
	Lo
	Lt
	Information

	Experiment Class
	36
	0,05
	0,127
	0,147
	Normal

	Control Class
	35
	
	0,071
	0,149
	


Table 8 above shows that with a significance level = 0.05 for N = 36 then Lt = 0.147 obtained Lo = 0.127 in the experimental class and for N = 35 then Lt = 0.149 obtained Lo = 0.071 in the control class. From the obtained calculation result Lo < Lt, the sample class is in a normal state. It can therefore be concluded that the samples in this study were normally distributed.
d. Homogeneity Test
Table 9. Homogeneity Test Results Sample Class
	Sample Class 
	N
	
	S
	S2
	Fh
	Ft
	Information  

	Experiment Class
	36
	80,88
	7,4
	54,76
	1,62
	1,82
	Homogeneous

	Control Class
	35
	75,88
	5,8
	33,64
	
	
	


Table 9 above shows that Fh = 1.627 and Ft = 1.82 at a significance level of 0.05 and dk 35:34. Because Fh < Ft (1.627 < 1.82), the sample class is homogeneous, thus it can be concluded that the sample class has a homogeneous variance.
e. Hypothesis Test
[bookmark: _Toc78135437]Table 10. Hypothesis Test Results Experiment Class and Control Class
	Sample Class 
	N
	
	S2
	Sgab
	th
	tt
	Information  

	Experiment Class
	36
	80,83
	54,76
	6,64
	3,78
	2,00
	Hi accepted Ho rejected

	Control Class
	35
	75,88
	33,64
	
	
	
	


Table 10 above shows that the th value of the two samples is 3.78. While the value of tt with dk = n1+n2-2 is 2.00. Ho acceptance criteria if the value is –t1-1/2α < t < t1+1/2α, because the result of tcount is greater than ttable which is 3.78 > 2.00, which means that the results of this hypothesis test are outside the area of acceptance of Ho, so that the working hypothesis H1 is accepted. In this case, it can be believed that there is a significant difference in the achievement of students' critical thinking skills using problem solving-based student worksheets.
B. Discussion
Before the two sample classes received treatment, the students' critical thinking level was relatively low. It is proven through the analysis of the daily test answer sheets that the control and experimental class students have an average score of 30 and 31, respectively, where the value of these two classes is in the non-critical category. In accordance with Arikunto's statement[4], that criteria 0-40 are included in the uncritical category. This is due to several reasons, firstly because the learning model used by teachers in schools is not based on problem solving so that students find it difficult to work on higher-order thinking questions that can shape students' critical thinking skills. Students are accustomed to working on the same questions with the examples given by the teacher so that they have difficulty when working on questions that are different from the examples given. Second, because teachers still rarely use Student Worksheets in learning, third because teachers have not integrated and assessed students' critical thinking skills.
The treatment given to the two sample classes is in their learning, the experimental class uses a learning model and problem solving-based Student Worksheets, while in the experimental class uses the lecture method learning model and by applying the Student Worksheets from the school. The research was conducted for 8 meetings. During the learning process, students' critical thinking skills were also assessed through the analysis of Student Worksheets that were done by students. At the first meeting, students seemed quite enthusiastic but could not adapt to the problem solving-based model and application of Student Worksheets. For the next meeting, it was seen that the students were already familiar with the application of this Student Worksheet.
The achievement of the descriptors of each indicator of students' critical thinking has begun to appear, students are able to identify problems, gather relevant information, and connect concepts in problem solving, but are still hesitant in assessing the credibility or weakness of an argument. Until the last meeting, it turned out that students were able to reach the critical category in critical thinking skills. Starting from the first meeting in the uncritical category, the second to fourth meetings in the less critical category, the fifth meeting in the moderately critical category, then the sixth to eighth meetings in the critical category. From the results of data analysis on the value of students' critical thinking during the learning process, it can be said that students' critical thinking skills have begun to increase for each meeting.
The learning process using problem solving-based Student Worksheets in the experimental class showed that students became more active and enthusiastic in learning, starting from the problem solving process to the stage of finding solutions to the problems or questions given. Students become more flexible in asking questions and expressing their opinions to each other, discussing in understanding problems, collecting and filtering information, considering implications so that they can make the best decisions in finding what they are looking for. In other words, the interaction between students and students, students and the environment, and students and teachers becomes more formed so that physics learning becomes more interesting and fun because of the open interactions with each other. This is in line with the opinion of Djamas[13], which point out the solution problem-based student worksheets are suitable for use in physics studies as they develop students' critical thinking skills, with a learning process like this it can give birth to concepts, principles, and laws of physics.
After the posttest, the value of critical thinking skills in the experimental class and control class both increased. However, the experimental class experienced a more significant increase compared to the control class. The improvement of students' critical thinking skills is believed to be due to the influence of the application of problem solving-based Student Worksheets given during the learning process. Problem solving requires students to be able to understand the problem well. The ability to understand the problem, involves students directly in sorting out relevant or important parts and information, as well as those that are not important from a problem. If students can understand the problem well, then they are in the process of solving the problem. In solving problems, students need reasoning in order to generate and implement their plans to find solutions or ways out of the problems at hand.
Using problem solving-based Student Worksheets can also train students to develop problem solving strategies by organizing or finding coherence between what is known and what is not known, then connecting them so that in the end a solution is found to solve the problem at hand. These problem-solving activities lead students to be able to think logically and systematically. The problem solving-based Student Worksheet contains the syntax or steps of the problem solving learning model. As stated by Shoimin that problem solving is a learning model that focuses on teaching and problem solving skills followed by strengthening skills[14]. In this model students are required to investigate a problem they are facing and find their own problem solving with the guidance of the teacher. For this reason, students need critical thinking skills in analyzing problems, synthesizing and applying the concepts learned.
For the implementation process it can be in the form of individuals or in the form of small groups. Familiarize students to solve a problem can improve the critical thinking skills of students. Through the questions or problems given, students can practice sorting information that is important to solve problems and ignore irrelevant information, gain experience to recognize sub-objectives, even when solving problems in groups for several hours of lessons, they share ideas, get feedback to hone their thinking and present their solutions in class[15].
This significant increase was also proportional to the results of hypothesis testing, which showed that the use of problem-solving-based student worksheets had an impact on students' critical thinking skills in gas dynamics theory and thermodynamics. This is supported by the results of the posttest value hypothesis test, where the tcount value is greater than the ttable value, ie, 3.78 > 2.00. Since the value of tcount > ttable, it can be interpreted as accepting Hi and rejecting Ho. Therefore, it is believed that the use of problem-solving-based student worksheets in gas dynamics and thermodynamics theory for class XI students at SMAN 3 Pariaman has an impact on students' critical thinking skills.
II. CONCLUSION
Based on the data analysis that has been done, students' critical thinking skills have increased after the application of problem solving-based student worksheets. This can be seen in the learning process and in the results of the final test given to students. The results of the hypothesis test show that tcount is greater than ttable, which means that there is a significant difference in the critical thinking abilities of the sample class students. The value of the experimental class is higher than the control class. Therefore, it can be concluded that the provision of problem solving-based student worksheets affects students' critical thinking skills in the kinetic theory of gases and thermodynamics material for class XI SMAN 3 Pariaman.
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