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	This study aimed to determine the effect of the inquiry-discovery learning model on critical thinking skills and mastery of students' physics concepts on the topic of temperature and heat. This quasi-experimental research used Posttest Only Control Group Design in which there are two groups in this design, each of which was selected randomly. The sample in this study was 34 students for the experimental class and 34 students for the control class. The results showed that there was a difference between inquiry-discovery learning and conventional learning in improving students' critical thinking skills and mastery of physics concepts. Based on the research analysis results, it can be concluded that inquiry-discovery learning affects critical thinking skills and students' mastery of physics concepts. Future research is expected to explore variables that can sharpen students' physics skills through inquiry-discovery learning.
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1. INTRODUCTION 
Teaching physics to students is expected to acquire new concepts that can foster a scientific attitude and become a capable scientists [1]. In recent years, student achievement in physics has been meager at the college and secondary levels. This can be seen from the very bad physics final exam [2]. In addition, the motivation to study physics is shallow. When the teacher says "physics," it becomes a fear for students [3]. Physics is a study to find answers to the questions 'why' and 'how' natural phenomena in everyday life occur (Tel et al., 2020). Studies from Singapore provide information that elementary school students in grade 4 have introduced thermal concepts, while junior and senior high school students explore broader thermal concepts (Fernandez, 2017). In addition, the results of a study in England for 70 students who consider physics as something difficult [6], mainly because learning is oriented towards understanding physics, representation, and conceptual understanding [7]. Therefore, physics enthusiasts have become the least preferred subject in schools. Most students are reported to have veered away from learning physics [8]. Physics is a subject that crosses various disciplines with its application in various fields for economic development [9]. Unfortunately, the results of the study explain that students have difficulty understanding physics. It causes poor achievement that the results of studying physics in Nigeria are 42.36 and 50% of high school students to have difficulty understanding the concepts of force, motion, and energy so that students become bored. [10].

21st-century learning is oriented towards collaboration in a prediction that can empower the ability to think, find and solve problems through the help of several supporting sources [11]. Critical thinking skills are closely related to students' deep understanding of the content of learning materials. In addition, critical thinking skills have penetrated into various aspects of human life and scientific disciplines such as science, history, literature, psychology, and everyday life [12]. The results of a study in Indonesia, namely in Ambon City, explained that students' thinking skills in science learning were still low at 53.41[13]. One of the keys to someone skilled in solving problems is requiring critical skills based on competency. If a person does not have good competence, he will have difficulty in solving problems. Therefore, it takes a lot of practice and study so that academic competence can increase [14].
Furthermore, students are also required to do the same thing to achieve the aspired target. Therefore, modern and innovative learning models are needed that can sharpen critical thinking skills and mastery of concepts [15]. One of the recommended learning models to develop students' critical thinking skills and mastery of concepts is inquiry discovery. Most of the learning physics researchers have not developed much in this model. Most of them are researched separately, even in cultural psychology and environmental studies [16]. There has been no comprehensive amalgamation between these two models. There is only one between discovery-inquiry [17], not Inquiry-discovery. Inquiry discovery is a series of learning activities that emphasize critical and analytical thinking processes to seek and find answers to a problem in question [18].
The phases in inquiry learning are starting from observation, asking questions, making a hypothesis, collecting related data, and formulating conclusions based on the data obtained [19]. The results of previous studies show that inquiry learning can improve critical thinking skills and mastery of concepts [20]. The results of other studies also state that inquiry can improve physics learning achievement in terms of students' critical thinking skills [21]. Discovery is a mental process by which an individual can assimilate concepts and principles [22]. In discovery learning, students can solve their problems with help from several sources to generate new concepts and principles with discovery and then solve problems [23]. In principle, it is a way to involve students in the mental process of exchanging information through discussion and independent learning [24].
The learning system conducted by the teacher is not only oriented in one direction but various directions, namely friends as a source of learning, so that the team is allowed to search and find their own using a problem-solving approach [25]. With inquiry-discovery (ID) learning, students can be directly involved and use critical thinking skills to search, find and solve their problems. Therefore, in mastering the physics concepts that have been formed in students, it will bring up critical and even creative thinking in the form of new meaningful perspectives, ideas, and concept. Along with that, students are led to become independent learners [26]. In critical thinking and mastering the physics concept, students need a stimulus in the form of analogies and phenomena around them as the basis for suppositions before taking them to the next stage related to physics material. Adding analogies to learning materials can help students improve their logical thinking and conceptual understanding [27]. The results of previous studies stated that learning by using illustrations in the form of videos, pictures, and even stories can improve critical thinking skills and help students learn physics more effectively [28]. Based on the existing explanation, the purpose of this study was to determine the effect of the inquiry-discovery learning model on students’ critical thinking skills and mastery of physics concepts on the topic of temperature and heat.

1. RESEARCH METHOD 
This study used a quasi-experimental research design. The research design used Posttest Only Control Group Design. There were two groups in this design, each of which was selected randomly. This research was conducted in the experimental and the control group. Each group was selected and placed randomly. The experimental group learning process uses the ID model, and the control group learning process uses conventional learning (K). The experimental class was named Joseph Black, and the control class was named Lord Kelvin
Table 1. One-way ANOVA design
	X                 Y
	
	Learning Model (X)

	
	
	ID 
(X1)
	K 
(X2)

	Class
	Joseph Black (Y1)
	X1Y1
	-

	
	Lord Kelvin  (Y2)
	-
	X2Y2


Note
	X1Y1
	:
	The group of students who were given learning with the ID learning model, in Joseph Black's class.

	X2Y2
	:
	The groups of students who were given learning with a conventional learning model with a conventional learning model in Lord Kelvin's class .


The research design used was Posttest Only Control Group Design with the following pattern.

Table 2. posttest only control group design
	Class
	Treatment
	Postest
	

	Joseph Black
	X
	T1
	

	Lord Kelvin  
	-
	T2
	


Note
	(X)
	:
	Treatment for Joseph Black's class in using the ID model

	(-X)
	:
	The treatment for Lord Kelvin's group using the lessons learned in school

	T2
	:
	Posttest to measure the score of critical thinking skills and mastery of concepts



The population used in this study were all 10th-grade students consisting of 5 classes at one high school in Malang City. This study used a simple random sampling technique from a population to be used as Lord Kelvin (LK) class using conventional learning and Joseph Black (JB) class using ID learning. The samples have the same average value and passed normality and homogeneity tests. Lord Kelvin's class and Joseph Black's class consisted of the same number, 34 students. In this study, the instruments used were treatment instruments and measurement instruments. The measurement instrument used in this study was a test instrument for students' conceptual understanding based on indicators C1-C6 and a test of students' critical thinking skills.
The data collection technique begins with the pre-implementation stage, the implementation stage, and the final stage. The data analysis technique begins with the prerequisite analysis test, namely the normality test and homogeneity test. The research hypothesis test used One Way Anova with the assistance of SPSS 16.0 for windows at a sig level of 0.05. 

1. RESULTS AND DISCUSSION
Data on critical thinking skills of experimental class and control class students are presented in Figure 1. 














Figure 1. Comparison of the average value of critical thinking skills and concept understanding
The analysis results shown in Figure 1 above explain a difference in the average value of critical thinking skills between students taught by the ID learning model in the JB class and the conventional learning model in the LK class. The average value of students' critical thinking skills using the ID learning model is higher than the conventional learning model. In addition, data on concept understanding of experimental class and control class students presented show a difference in the average value of concept understanding between students taught by the ID learning model in the JB class and the conventional learning model in the LK class. Concept understanding data using the ID learning model is higher than the conventional learning model. 
Before testing the hypothesis, the normality and homogeneity test as analyst prerequisite test was conducted. The normality test of critical thinking skills for the JB group and the LK group was normally distributed. Meanwhile, the normality test results for concept understanding of the JB and the LK group were normally distributed. The homogeneity test of critical thinking skills shows that the two groups of data have homogeneous variances. Both groups came from a homogeneous population. The homogeneity test of concept mastery shows that the two groups of data have homogeneous variances. Both groups came from a homogeneous population. The results of the research hypothesis test are presented in Table 3 below.

Table 3. Critical thinking ability hypothesis test results
	
	Learning Models and CTS
	

	Sigcount
	0,014
	

	Sigtable
	0,05
	



The results of ANOVA analysis of critical thinking skills show Sigcount < Sigtable (0.014 < 0.05), so it can be concluded that H0 is rejected and H1 is accepted, this shows that there is a difference between ID learning with animation and conventional learning in improving critical thinking skills student.

Table 4. Concept mastery hypothesis test results
	
	Learning Models and CU

	Sigcount
	0,013

	Sigtable
	0,05



The results of the ANOVA analysis on concept mastery show Sigcount < Sigtable (0.013 < 0.05). It can be concluded that H0 is rejected and H1 is accepted. This shows that there is a difference between ID learning with animation and conventional learning in improving students' concept understanding. 
The results of data analysis state that ID learning can improve students' critical thinking skills. There was a difference between ID learning and conventional learning in improving students' critical thinking skills. The ID learning model is a model that can be developed by teachers in learning as a tool to achieve learning objectives. Through this model, students can develop self-confidence and the courage to participate in the learning process. 
ID learning can improve students' critical thinking skills because the learning involves students directly. There are several stages of inquiry-discovery learning that greatly affect students' critical thinking skills. In the simulation stage, students try to find problems according to the instructions given by the teacher. At this stage, students formulate the problems found in the form of problem formulations. Thus, it dramatically affects critical thinking skills, especially on the indicators of formulating problems shown in Figure 2.



















Figure 2. Indicator of formulating problem

The results of the one-way ANOVA test show that there are differences between the students’ concept mastery using the ID learning model and conventional learning. The results of data analysis show that there is a difference between ID learning compared to conventional learning in improving students' concept understanding.
The use of the ID model in the learning process can train students to carry out various kinds of activities, namely observing, investigating, experimenting, comparing findings with one another, asking questions and seeking answers to their own questions. Therefore, students will get complete facts about the object being observed [29]. The ID learning model is more effective for improving concept understanding, because students will indirectly be able to create new concepts, and create new ideas after mastering concepts independently in the learning process. This research is supported by research, which states that the ID learning model can improve concept understanding [30]. 
The following shows the state of gas particles when heat is given, as shown in Figure 3. The results of the virtual experiment show that the more heat is given, the faster the particles move, and the air temperature in the tube or vessel gets hotter. Then, the surface of the tube cover will be lifted into the air, and the gas in the tube will move out (Source: https://phet.colorado.edu/sims/html/gas-properties/latest/gas-properties_en.html). Figure 4 shows that when the vessel is heated to a specific temperature, heat transfer occurs from one particle to another, so the heat will spread throughout the material of the vessel (Sumber: https://www.youtube.com/watch?v=MUC098hvqH4).
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Figure 3. The state of the particles in a gas when given heat
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Figure 4. Transfer of energy from one particle to another

Several stages of ID learning significantly affect students' understanding of concepts. At the verification stage, students prove the data obtained from experiments with the formulated hypothesis. At the Generalisation stage, students formulate conclusions from the data that the teacher has corrected. Both of these stages emphasize understanding the concept. The results of this study are in line with previous research that pointed out the concept mastery of the junior high school students has increased, and students also gave a positive response to the learning model used, namely Inquiry-Discovery. [31]. 
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1. CONCLUSION 
Based on the research and the results of hypothesis testing that have been carried out, it can be concluded that inquiry-discovery learning can improve students' critical thinking skills and conceptual understanding, so that they can be used as a teacher's reference to develop students' critical thinking skills and conceptual understanding. For researchers who will conduct similar research, the results of this study can be used as a reference to develop further research and explore more about Inquiry-Discovery learning with other variables in sharpening students' physics competence.
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Problem Statement Stage
The teacher directs the students to identify the problem. At this stage, students are allowed to identify problems which are then formulated into hypotheses. This can improve students' critical thinking skills on the indicators of providing arguments. Because students can provide arguments through hypotheses 


Verification Stage
Students prove the data obtained from experiments with hypotheses that have been formulated. At this stage, students can evaluate correctly, which is one indicator of critical thinking. Evaluation is intended to prove the hypothesis that has been formulated based on experimental data.


Generalization Stage
Students formulate conclusions from the data that the teacher has corrected. This deduction stage is very influential on students' critical thinking skills. By making conclusions based on existing data, students can interpret the existing data appropriately.
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