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	This paper tells about the mental model of prospective scholars on the topic of temperature and heat. The purpose of this research is to improve students’ mental model by using PBL model. The number of samples in the study amounted to 72 students with two different classes. The results of the study showed that, 1) the improvement of mental model that studied with PBL was higher than that studied with conventional learning. 2) high-skilled student mental models that are learning with PBL are higher than those studied by conventional learning. 3) low-skilled student mental models that study with PBL are higher than students learning with conventional learning. The conclusion of this study is the improvement of students' mental models using PBL models on the topic of conductivity in water. Thus the PBL model can be recommended in improving students' mental models on temperature and heat topics. The implication in this research is to improve the students' mental model as the agent of science education change.
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1. INTRODUCTION (10 PT)
At present, many breakthroughs have been made regarding Nano science and technology. Physics and chemistry students are familiar with the concept of Nano science but the students of Teacher Education Elementary Education Program still have very limited knowledge because they are trained to be a classroom teacher. Therefore, it is time to learn and be taught to students on the atomic scale. This is a major step forward in the goal of Nano science education [1].
The effort to teach the concept of atoms is to increase the understanding of students' concepts with a mental model approach that is considered a learning product. It is reported that because mental models also play an important role in the learning process because learning can generally be seen as mental modeling [2]. Thus, mental models are considered important in science learning. According to experts, mental models provide valuable information about the concept of nanoscience of a conceptual framework, or underlying knowledge structure [3]. Therefore, capturing student mental models is one way to understand the content and structure of student knowledge about scientific concepts, and reflect student beliefs and interpretations of the system [4].
Now there is a lot of research on mental models for various topics. Some examples include the mental model of natural phenomena [5], chemical bonds [6]-[7], Materials [8], chemicals [9], atoms and molecules [10], acids and bases [11]-[12], organic chemistry [13], thermal conduction [14], electricity [15]-[16], earth and cosmology [17]-[18], environment [19]-[19], ecology [20], Style and motion [21], circular motion [22], magnetism [23], modern physics [24], convection in water [25], Friction force [26], thermal conductivity in solids [27], Light, Energy and Angular Momentum [28].
Using models in science education has long been done. As explained earlier, the model plays a key role in science education with regard to internal representation [29], and is useful in helping to describe and understand a structure or property. The effect of heat conductivity on water has been debated by physicists and chemists on a continuous basis over the past few years [30]. The concept of temperature and heat is one of the topics studied by students in physics learning. So far, studies on how to study the state of water by connecting three levels of representation: macroscopic, sub-microscopic and symbolic levels have been taught in chemistry and physics learning by connecting three levels of representation reflecting the students' mental models are still limited. Although there are still on chemical topics, the physical conductivity of water is still limited [31]. Previous research still discusses the thermal conductivity of solids [32], convection in water [32], but the conductivity of water to describe physical conditions is still rarely studied. Therefore, one learning model that can facilitate the improvement of the student's mental model is problem based learning (PBL) [33]. In addition, PBL also trains students to communicate experiment, collaborate in teams, build ideas and develop independent learning skills [34].
PBL is a student-centered pedagogy. Where students learn through problem solving experiences [35]. Learning begins with problems to be solved, posed in such a way that students need to gain new knowledge before they can solve the problem. The goals of PBL are to develop knowledge of creativity, problem-solving skills, self-study, collaboration skills and intrinsic motivation [36]. In this section, the research focus on conductivity on water. Thus the purpose of this study is to improve students' mental models using the PBL model.


2. RESEARCH METHOD 

2.1. Research Design
The method used in this study is a quasi experiment. The research design used in this research is pretest-posttest control gorup design. This study has two variables, namely the independent variable and the dependent variable. The independent variables in this research are PBL model in the experimental class and conventional learning in the control class, the dependent variable of the mental model.

2.2. Research Population and Sample
The population of this research is the 2nd semester students who take the basic science and basic science basic course in elementary school teacher education program (PGSD), Pattimura University. The sampling technique used in this study is Cluster Random Sampling by randomly selecting. Basic science concept class as experimental class and natural science class as control class. The number of samples is 72 with the experiment class category of 36 students and the control class of 36 students. All classes are taught temperature and heat topics that are more focused on conductivity in water.

2.3. Research Instruments
Grain of mental model is used as a mental model of the students after being treated with a problem based learning (PBL) model. The item of mental model is a diagnostic test with 1 discourse and has 3 questions from the macroscopic level to the microscopic. As for the type of mental model adopts a rating column from levels 1 to 5, as shown in table 1 [9].
	
Table 1. Indicators of Mental Models 
	Mental Model Type
	Criteria

	1
(Early Mental Model)
	Students Are Not Able To Answer With The Concept That Is In It Or Can Not Describe It And Scientifically Unacceptable For Not Having Any Concept.

	2
(Intermediate Mental model 1)
	Students Already Begin to Be Able to Answer Correctly With The Concept That Is In Him With The Model That is Started to be Formed And Its Explanation Becomes Scientific Nearer With Truth.

	3
(Intermediate Mental model 2)
	Students Already Begin To Be Able to Answer Correctly With The Concept That Is In Him With The Model That is Started to be Formed  That  The Explanation Is Partly True And Being Scientific Nearer With The Truth.

	4
(Intermediate Mental model 3)
	Students Able to Answer Rightly and Provide True Explanations, Besides Being Able to Provide Proper Answers Scientifically Can Be Accepted Scientifically Nearer With Truth.

	5
Target Mental Model
	Students Are Able To Answer Correctly And Provide Correct Explanation, Besides Being Able To Provide Correct Conceptual Scientific Answers, Can Be Accepted Scientifically And Explain The Structure Correctly.



2.4. Data Collection Technique
Data collection on the research done gradually to be able to obtain the necessary data in a study. There are three stages of data collection in this study. The stages of data collection are pretest in the experimental class and control class with validated instrument by the validator, then carrying out the learning process using the PBL model and using the mental model instrument in the experimental class and the conventional learning process in the control class. The last stage performs posttest on the experimental class and control class.

2.5. Data Analysis
Data analysis is an activity after data from all respondents or other data sources is collected. The data obtained from this study are quantitative data obtained from the results of mental model tests. To see the improvement of students' mental models using the gain score while the statistical tests for normality and homogeneity tests and further testing two-way ANOVA Advanced Tests are assisted by SPSS version 20 for Windows.

3. RESULTS AND DISCUSSION 
Pretest data was obtained from two classes, namely the experimental class and the control class. A summary of the results of the pretest mastery of concepts can be seen in Table 2.

Table 2. Summary of Pretest Mental Model Results
	Variable
	Experiment Class
	Control Class

	Average
	33
	31,3

	The highest Score
	66,7
	60

	The Lowest Score
	13,3
	13,3

	Number of Samples
	36
	36



Based on Table 2. it can be seen that the average pretest value of the experimental class mental model is 33, while for the control class is 31.3. The difference between the average pretest value of the mental model between the experimental class and the control class is 1.7. The average pretest value of the experimental class mental model is higher than the control class.
The mental model posttest data was obtained from the experimental class learning to use PBL models and control classes that learned to use conventional models. Summary of posttest result of mental model can be seen in table 3.

Table 3. Summary of Posttest Result of Mental Model
	Variable
	Experiment Class
	Control Class

	Average
	73,5
	52,4

	The highest Score
	93,3
	86,7

	The Lowest Score
	53,3
	26,7

	Number of Samples
	36
	36



In Table 3. it can be seen that the mean value of posttest mental model of experimental class is 73.5, while for the control class is 52.4. Difference in mean posttest of mental model between experiment class and control class is 21.1. The mean posttest grade of the experimental model is higher than the control class.
Gain score is used to determine the improvement of mental models of students between before and after being treated with the gain formula = posttest - pretest. The mental model's gain score data can be seen in table 4.
Table 4. Gain Score Mental Model
	Variable
	Experiment Class
	Control Class

	Average
	41,7
	22,2

	The highest Score
	66,7
	46,7

	The Lowest Score
	13,3
	6,6

	Number of Samples
	36
	36



Based on Table 4. it can be seen that the average score gain score of the experimental class mental model is 41.7, while for the control class is 22.2. Difference between the mean score of concept comprehension score between the experimental class and the control class is 19.5. The average score gain score of the experimental model is higher than the control class.
After grouping based on initial ability, we obtained the breakdown of high and low initial ability students in the mental model gain score presented in Table 5.

Table 5. N-Gain Score mental models based on Initial Ability
	Variable
	Experiment Class
	Control Class

	Early High Ability
	44,4
	27,8

	Initial Low Capability
	38,9
	16,7



Based on Table 5. it can be seen that the average gain score of mental models in students with high initial ability in experimental class 44,4 and control class 27,8. Difference in the average mental gain score for students with high initial ability is 16.6. While the average gain score of the mental model on the low-ability students in the experimental class was 38.9 and the control class 16.7 with a difference of 22.2. Details of gain scores on mastery of high skilled student concept are presented in Table 6.

Table 6. Gain Score Mental Models of High Early Capability
	Variable
	Experiment Class
	Control Class

	Average
	44,4
	27,8

	The highest Score
	66,7
	46,7

	The Lowest Score
	13,3
	6,7

	Number of Samples
	12
	12



Based on Table 6, it can be seen that the mental model gain average score for students with high initial ability in the experimental class 44.4 and the control class 27.8. The difference in the average gain score of the mental model on the student with high initial ability is 16.6. The mean value of the mental model gain score in the high-ability students in the experimental class is higher than the control class.
The details of the gain score of mental models of students with low initial abilities are presented in Table 7.
Table 7.  Gain Score Mental Models Low Ear Capability
	Variable
	Experiment Class
	Control Class

	Average
	38,9
	16,7

	The highest Score
	60,0
	33,4

	The Lowest Score
	13,3
	6,6

	Number of Samples
	12
	12



Based on Table 7 it can be seen that the average gain score of mental models on high-ability students is high in the experimental class 38,9 and the control class 16,7. The difference in the average gain score of the mental model on the low-skilled student is 22.2. The mean value of the mental model gain score in the low-ability students in the experimental class is higher than the control class.
Description of test result of normality data mastery experiment mental model and control class with 5% significance value is presented in table 8. 

Table 8. Summary of Mental Model Data Normality Test Results
	Data Type
	Class
	Lcount
	Ltable
	Note

	Gain Score
	Experiment
	0,128714
	0,147667
	Normal 

	
	Control
	0,121837
	0,147667
	Normal 



Based on Table 8 it is known that the mental model data of the experimental class and the control class has Lhit <Ltab so that both data are normally distributed. The results of the mental model homogeneity test of the experimental class and control class for the 5% significance value are presented in Table 9. 

Table 9. Summary of Homogeneity Test Results of Mental Models
	Data Type
	Fcount
	Ftable
	Note

	Gain Score
	1,77458
	3,12767
	Homogen



Based on table 9 of the homogeneity test results it can be seen that Fcount <Ftable which means the mental model between the experimental and control classes has a homogeneous variance. Based on hypothesis prerequisite test result that is normality test and homogeneity test, it is obtained that mental model data is normal and homogenous distributed, so to test hypothesis can be used parametric test that is test of Two-way ANOVA. Summary of Two-way ANOVA calculation result of experimental class data model and control class can be seen in Table 10.




Table 10. Summary of Two-Way ANOVA Data on Mental Models
	Source of Variation
	SS
	df
	MS
	Fcount
	P-value
	Ftable

	Between Early Abilities (B)
	836,67
	1
	836,67
	4,29
	0,04
	4,06

	Between Learning (A)
	4533,15
	1
	4533,15
	23,26
	1,72E-05
	4,06

	Interaction
	92,96
	1
	92,96
	0,48
	0,49
	4,06

	In Group (D)
	8573,29
	44
	194,85
	
	
	

	Total
	14036,08

	47
	
	
	
	



Based on table 10 calculation between learning (A) is known that FA-count> Ftable is 23.26 > 4.06, so Ho is rejected and Ha is accepted. So it can be concluded that the improvement of mental models of students who study with PBL models is higher than students who learn with conventional learning.
Based on table 11 calculation between initial ability (B) is known that FB-arithmetic> Ftable is 4.29397> 4.06171, then Ho is rejected and Ha accepted. So it can be concluded that the improvement of mental models of students with high-ability early high-learning learning with PBL model is higher than students who learn with conventional learning
Based on the table 11 the interaction between the initial ability (A) with the intermediate ability (B) is known that Fcount <Ftable is 0.477108 < 4.06171, then Ho is rejected and Ha accepted. So it can be concluded there is no interaction between the PBL model and the high-low initial ability to the improvement of the mental model.
Furthermore, further tests were conducted using the Tukey test which results are presented in Table 11.

Table 11. Tukey Test Results for Mental Model
	 
	Q1A-3A
	Q1B-3B

	Qcount
	8,26
	11,03

	Qtable
	3,43
	3,43



From the advanced test analysis, the Tukey test presented in table 11 obtained the results of Q1A-3A> Qtable, then Ho was rejected and Ha was accepted. So it can be concluded that the increased mastery of the concept of a high initial ability to learn with PBL is higher than students who learn with conventional learning. In addition, from the advanced test analysis, the Tukey test presented in table 11 obtained the results of Q1B-3B> Qtable, so Ho was rejected and Ha was accepted. So it can be concluded that the increase in mastery of the concept of students with low initial abilities who learn with PBL is higher than students who learn with conventional learning.
[image: ]The results of real data in the experiments prove that when the temperature increased then the particles will move faster and the volume of water also increases and vice versa when the temperature is lowered the particle movement is slower so that the volume of water also decreases. This can be shown in Figure 1a and 1b below. Furthermore proof of mental model of student through virtual activity shown in Figure 2a and 2b.








1a                                               1b
Figure 1a. The state of the particle when the temperature is increased by 180c, b. The state of the particle when the temperature is lowered 40c.














	                                 2a	                                                       2b
Figure 2a. The state of the particle when the temperature is increased by 2042 K, b. Particle state when temperature decreases 1 K

The results of conversations with students in the experimental and control class to prove the mental model of the students can be shown as follows.
	Students
	Questions
	Answers 
	Class
	The type of mental model

	S20
	What is the state of the water particle when the temperature is increased?.
	The energies of the constituent particles get bigger and the particles move faster
	Experiment
	Intermediate 3

	S30
	Describe the state of water particles when in the morning and during the day.
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	The temperature is lowered
The temperature is lowered

	Target Mental Model

	S2
	What is the state of a particle when the water temperature is at 0° C?
	Water particles move faster just like when water is heated
	Control
	Early Mental Model 

	S5
	When water becomes ice (00c, energy in water molecules still exists?.
	The molecules in water still have energy, and the atomic motion is much slower.
	
	Intermediate 3



The mental model of the experimental class students who were taught with the PBL model was higher than the control class that was taught with conventional learning. Based on the hypothesis test using Two-way ANOVA, it has been concluded that the improvement of mental models of students who study with PBL models is higher than those who learn with conventional learning. In PBL students are directly involved in learning activities so as to provide more opportunities to accommodate and understand information [37]-[38]. Involvement in the learning process allows students to be able to use their mental processes to discover a concept or theory being studied [39]. The concept of chemical reactions between particles can be illustrated in Ping-Pong balls as in Figure 3.


[image: ]







Figure 3. Ping-pong ball as an analogy model for chemical reactions between particles

At the beginning of the meeting students still have difficulty in formulating problems and making hypotheses. The next meeting, students begin to understand that to formulate the problem and make the hypothesis comes from the observation activities at the beginning of learning, the purpose of the experiment and the study of the literature. After students can formulate a hypothesis then students conduct an experiment. Students experiment actively to test the correctness of the hypothesis that has been made by students. By experimenting with learning becomes more interesting, students have full attention to the material they are learning and the students are more active. In addition, students are also trained to analyze the empirical data, so as to form the mastery of their concepts. PBLs have an advantage in engaging students in small groups with real-world problems in defining the knowledge and investigations needed to solve problems. PBL also facilitates students in solving problems and choosing new ways so as to solve existing problems [40].
Highly skilled group of students who are taught by PBL have a higher mental model than students learning with conventional learning as well as low-skilled student groups. This is because the experimental activities undertaken during the learning are done in groups. Use of group learning can improve student academic achievement and help achieve a better understanding of the concepts of physics [41]. Discussions were conducted by students during the experiment to obtain data, process data in hypothesis testing and draw conclusions. During the discussion there is a peer tutor in his group so that all members play an active role during the learning activities.
The mental model can be seen from students' ability to solve the cognitive problem consisting of C4-C6 problem. The Improved mental model results show the experiment class is better than the control class on each level of the question. This is because the experimental class students are accustomed to experimenting in real and virtuous Phet animations to find concepts. In addition the experimental class also facilitated physics learning website from the United States (Colorado: https://phet.colorado.edu/en/simulations/category/html) to support the learning activities, so that's where the mastery of the concept of students increases. The following is shown by the particle of three different substances in Fig. 4.
[image: ]











Figure 4.Scheme of Substance Change from solid, liquid to gas 

In contrast to solids, liquids have less organized and less dense particles than the composition of particles in solids. This is what causes the particles to move freely to different places. However, the molecule particles cannot separate themselves from the group. This situation causes the volume of liquids to remain constant, although the shape always changes in place.
The results of the students' work in the experimental and control class proved a significant difference. This can be proved by the results of the experimental class work that answers better because the students have been taught with the correct concept both in the form of practice and simulation that stimulates better understanding of student concepts. By PBL, students also can search and find answers based on personal experiences of each student and can be shared with friends. Control groups rely more on individual ability to answer questions and are less supported by more modern learning so that students' knowledge to answer questions becomes doubtful and far from the scientific concepts of experts.


4. CONCLUSION (10 PT)
Based on the results of existing research, several conclusions are put forward. 1) Increased mastery of students' concepts studied with PBL is higher than students who learn with conventional learning. 2) Improved mental models of students with high early capability who learn by PBL is higher than students learning with conventional learning. 3) Improvement of low-skilled student mental models learning with PBL is higher than students learning with conventional learning. Thus the PBL model can be recommended in improving students' mental models on temperature and heat topics. The implication in this study is to improve the mental model of students as agents of change in science education.
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Figure 2.13 Water Particles in Three Different State (Whitten, Davis, Peck, &
Stanley, 2007, p. 11)




