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ABSTRACT 

Before learning, students have already had initial knowledge about a concept called a mental model in terms of cognitive 

psychology. A static or dynamic review of the mental model that has been built and the extent to which individuals use 

mental model and conceptual frameworks to solve problems is called Mental Modelling Ability (MMA). Through this 

study, students’ MMA related to the concept of the kinetic theory of gases will be identified. The method of the study 

was a qualitative method with data collection instruments in the form of tests and non-tests (interviews). The 

triangulation (combined) was done with qualitative analysis. The sample of this study was 30 students of class XI 

determined by the purposive method. The instrument used had been passed through a validity test of Pearson moment 

product correlation (bivariate Pearson) and a reliability test using the Alpha method. After triangulation was conducted, 

it was leveled. The results showed that 30% of students were still at the low MMA level, 50% were at the medium 

MMA level, and 20% were at the high MMA level. The implications of this research’s results indicated the role of 

mental models and mental modeling abilities in the knowledge construction process. 

Keywords: Mental models, Mental modeling ability, Kinetic theory of gases, Science literacy.

1. INTRODUCTION

In recent years, students’ interest in science has begun

to decline. It is marked by the decline of mathematics and 

sciences learning achievement from 2015 to 2018 in a 

very significant decrease [1]. As part of science, students 

consider physics as a difficult subject [2]. Such an 

attitude makes students demotivated to further study 

physics [3]. Many studies have been conducted to unravel 

the causes of the low interest, attitude, motivation, and 

learning outcomes of physics. One of the most dominant 

factors influencing the process and outcomes of students’ 

science learning is the conceptual change factor related 

to students’ personal reasoning abilities [4]. The personal 

reasoning ability of students is in accordance with the 

principle of constructivism, which states that every 

student has prior knowledge gained from life experience. 

In the learning process, students will recall the initial 

knowledge and construct it into new knowledge [5], 

corresponding to the concepts and learning contexts they 

experience [6]. The formulation of how students 

understand, learn, and think is called a mental pattern or 

mental model. 

Mental models play an essential role in individual and 

organizational learning [7]. Researchers of physics 

education have understood the importance of identifying 

the elements of students’ physics knowledge in different 

physics contexts [8]. Investigating the structure of 

knowledge in various physics concepts provides many 

opportunities for researchers to discover general 

processes of how students understand, think, and use 

concepts in their function to understand, explain and 

predict the behavior of the physical world. One of the 

ways in detecting the mental model of students is to 

present problems to be solved. By solving problems, 

students can be stimulated to develop their thinking skills 

creatively and comprehensively. Before receiving formal 

learning experiences in the class, students have already 

had their own visualization and understanding of events 

or natural phenomena encountered in their daily 

environment and even have developed them 

independently [9]. Sirhan suggested the importance of 
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clarifying or correcting concepts that already exist in 

long-term memory by conducting basic learning before 

adding new learning experiences because many students 

come into the class with the wrong, confusing, and even 

incomplete ideas [10]. It shows that the analysis of the 

mental model is an important study considering that the 

cognitive constructs formed will create a network of 

understanding and are stored in the long-term memory. 

In addition, knowing the mental model of a concept can 

reduce the level of difficulty in the learning process [11]. 

The overall structure of knowledge that exists in 

individuals is not only limited to the formation of the 

mental model but also the ability to build the mental 

model, use the mental model in solving problems, to the 

process of adding or changing the mental model through 

the process of metacognition. This ability is called 

Mental Modelling Ability (MMA). MMA reviews the 

static or dynamic nature of the mental model which have 

been constructed and the extent to which individuals use 

mental models and conceptual frameworks to solve 

problems [12]. Further, Wang states that the visualization 

of a mental model based on existing information and 

knowledge is a type of interaction between content 

knowledge and the ability to construct a mental model 

(MMA). 

The ability to build mental models can be observed in 

the construction of knowledge about the essential 

concepts of physics. As a study that is close to human 

life, physics is a lesson that consists of a collection of 

knowledge or facts that must be memorized and an 

activity or an active process of using knowledge in 

studying natural phenomena and products. Accordingly, 

it is very possible if students have already had initial 

knowledge. The concept used in this study is the kinetic 

theory of gases, an abstract concept in which its 

symptoms cannot be observed directly. This allows 

students to have diverse knowledge in solving problems 

related to the material. The application of the material is 

also quite a lot so that it can invite students to give 

reasons and concepts they have. Based on this, it is 

necessary to conduct research to identify the students’ 

mental modeling ability (MMA) on the concept of kinetic 

theory of gases. This study fulfills the element of novelty 

since there are only a few pieces of research about MMA 

identification. Though there are many mental model 

studies in several science concepts, few studies about 

students’ MMA identification in physics essential 

concepts. 

2. METHODS 

The method used in this study was qualitative. It is a 

study investigating relationships, situations, or materials 

[13]. The population in this study were all students of 

class XI in the Mathematics and Natural Sciences 

specialization group at the State Madrasah Aliyah, an 

Islamic School, in Muna Regency. The sample is class XI 

Mathematics and Natural Sciences students taken by 

purposive technique. Data collection instruments in the 

form of tests and non-tests (interviews). The test 

instrument consists of five numbers essay questions in 

the form of problem-solving tests related to the concept 

of the kinetic theory of gases. The details are Boyle’s 

Law, Charles’ Law, Gay-Lussac’s Law, Ideal Gas 

Equations, Kinetic Theory of Gases, and Principles of 

Energy Equipartition. Prior to the validity test in the form 

of Pearson’s moment product correlation (bivariate 

Pearson), the test instrument used was firstly tested for 

content validity by experts involving three 

teachers/lecturers. Then, the reliability test was done 

using the Alpha method to test the feasibility of its use. 

The non-test instrument was in the form of an interview 

guide containing fifteen lists of questions that were used 

to clarify the results of the test instrument.  

The data collection technique used in this study was 

triangulation between the results of the problem-solving 

test and the results of the interviews that have been 

conducted. Data analysis is inductive by displaying test 

results and interview results, and then they were analyzed 

qualitatively. The MMA indicator consists of 4 points, as 

summarized in Table 1. Points (a) and (b) are analyzed 

using the answer sheet, while points (c) and (d) are 

determined through the interview method. Then the 

leveling is done by calculating the number of scores 

obtained, where 0  x  3 is categorized as Low MMA, 3 

< x 7 is categorized as Medium MMA, and 7 < x 10 is 

categorized as High MMA [14]. 

The MMA aspects studied refers to the categories and 

schemes of the MMA problem solver [15] were as 

follows: 
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3. RESULTS AND DISCUSSION 

Taken from the results of the study, the percentage of 

the MMA level of the students was obtained. The 

identification of the MMA level is carried out based on 

the analysis of the test answer sheet documents for points 

(a) and (b), as well as interviews to determine the leveling 

in points (c) and (d). The results of both are then 

categorized and summarized in the following table: 

 

 

 

 

 

 

Table 1. Schemes of MMA problem solver 

No. The 

categories of 

MMA 

The schemes of MMA problem solver 

1 High Mental 

Modelling 

Ability 

(HMMA) 

a. Generate mental model in the form of diagrammatic representations or other 

relevant forms of representation. (Point 3) 

b. Can reconstruct, manipulate or adjust mental model based on propositions or 

problem conditions in the model. (Point 2) 

c.    Can restructure his approach to problems and constantly monitor the process of 

explaining and constructing mental model. (Point 2) 

d. Check and match the mental model and answer using an alternative approach if 

the problem is relatively new. (Point 3) 

2 Moderate 

Mental 

Modelling 

Ability 

(MMMA) 

a. Generate mental model based on diagrammatic representations or other relevant 

forms of representation. If the problem is a known thing, they form a mental model 

without looking at the representation (Point 3) 

b. Has little ability to manipulate mental model when compared to HMMA students, 

but at times, does not examine problems and the solution process carefully. 

Therefore, they maintain their mental model instead of modifying or adapting it 

based on new conditions in the problem (Point 1) 

c.    Monitor the mental modeling process on a limited basis or does not monitor 

(Point 1) 

d. Check the mental model and answer using an alternative approach is not real 

(Point 2) 

3 Low Mental 

Modelling 

Ability 

(MMMA) 

a. Reconstruct the mental model based on memories of previous examples. It Often 

does not form the mental model (point 1 or point 0) 

b. Prefer pictures as a thinking tool then use propositions or problem conditions to 

conclude (Point 1) 

c.    Does not monitor the mental model process (Point 0) 

d. At the end of the conclusion or explanation, does not conduct a self-check to test 

or examine the mental model or use the relevant representation as an alternative 

approach (Points 0 or 1) 

 

Table 2. Result of MMA leveling categorization 

Category Percentage MMA (%) 

Final Test 

LMMA 30.81 

MMMA 47.62 

HMMA 21.57 

Total 100 
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Note:  

LMMA  = Low mental modeling ability 

MMMA = Medium mental modeling ability 

HMMA = High mental modeling ability 

In the following, the mechanism for determining 

students’ MMA, which uses a question to the students to 

show their MMA, is presented.  

A question is given: In a car tire filling station, there 

are 3 types of tire pumps, with different types of gases, 

they are oxygen, nitrogen, and carbon dioxide. The 

performance of a tire is influenced by the high rate of 

increase in tire pressure due to changes in air 

temperature. The lower the increase in gas pressure, the 

better the tire performance will be. If all three pumps are 

used to fill a car tire that will be used under the same 

conditions (the tire volume, pressure, and outside air 

temperature are the same), then which gas-filled tire has 

the best performance? 

Figure 1 below is one of the students’ answers to the 

question above, which is given the initials S19. 

 

Figure 1 The answer of students S19. 

From the answers given, it appears that students have 

not produced mental models yet in either diagrammatic 

representations or other relevant forms of representation. 

Students are not able to manipulate the mental model they 

have and do not have a proposed design (proposition) to 

solve the problem. As seen on the answer sheet, S19 

stated that the answer was based on instinct alone. To 

confirm the results obtained on the answer sheet, the 

following are excerpts from the researcher’s interview 

with S19. 

R :   After you read question number 5, what do you 

think? 

S19 :  I have to choose, Ma’am; do you want to use 

nitrogen or regular air for tires? 

R :  Have you thought of a solution? 

S19 :  When I was working on it, Ma’am, I was still 

thinking about how to do it. 

R :   Have you ever had an experience with tire gas 

filling? 

S19 :  Never, Ma’am, I only often hear about it 

because it is trending filling motorcycle and car 

tires with nitrogen. 

R :   So, what concept can be applied to choose the 

gas? 

S19 :  I don’t know for sure, Ma’am, but I think it’s 

because of a pressure 

R :   Do you think so? 

S19 :  Yes, Ma’am. 

R :   So, in choosing gas, is there any relation 

between car or motorcycle tires and the 

pressure? 

S19 :  Yes, Ma’am. 

R :   Please explain what is the relation? 

S19 :  If you use nitrogen, the gas pressure is too low 

so that the quality of the tires is not good 

R :   How do you know if the nitrogen gas pressure is 

low? 

S19 :  When we studied, it was mentioned that it had a 

relation with the molecular mass, Ma’am, but I 

forgot how it was explained. 

R :   Are you sure about this answer? 

S19 :  I’m not sure Ma’am, maybe nitrogen is better to 

use 

R :   Why? 

S19 :  maybe because the pressure is low, 

R :   If the pressure is low, what do you think is the 

relation with the tires? 

S19 :  If the pressure is right, the quality of the tires can 

be good, Ma’am. 

R :   If the amount of gas put into the tires is different 

between nitrogen and regular air, would you like 

to use nitrogen? 

S19 :  I don’t know for sure, Ma’am, 

R :   If so, if the amount of gas put into the tires is 

different between nitrogen and regular air, Do 

you think the pressure is different? 

S19 :  I don’t know, Ma’am. 

P :  So, that’s all of the explanation or is there 

another solution? 
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S19 :  That’s all, Ma’am, 

R :   Is your answer correct? 

S19 :  I don’t know, Ma’am, but that’s all. 

R :  Don’t you check again for sure? 

S19 :  No, Ma’am. 

Based on the answer sheets and the results of the 

interview with students S19 on the kinetic theory of 

gases, it showed that S19 produced a mental model based 

on verbal representations relevant to the context of the 

question, which is about the pressure (Point 3). However, 

S19 had a rigid mental model and could not change his 

mental model when a new proposition was given to his 

mental model. S19 did not monitor metacognitively the 

process of preparing mental models. In addition, S19 

tended to write as an instinct and did not conduct self-

checking using other approaches to test or examine 

mental models in identifying errors from the model. 

Based on this analysis, S19 got 3 points for his score, and 

it was in the LMMA category. 

Referring to the MMA problem-solving scheme in the 

LMMA category, students with the LMMA category will 

usually reconstruct their mental model based on previous 

examples, use propositions or problem conditions to 

conclude, and do not monitor or even re-check the 

conclusion or explanation. These three characteristics 

occurred in the case of student S19. Thus, S19 was 

categorized based on the value and characteristics at the 

level of the LMMA. 

Then, a question is given: In a physics competition for 

all students over Indonesia, you are selected to represent 

your district. You are faced with several challenges to 

complete the series of events. You get the first challenge 

to pop 1 balloon out of 3 available balloons. The three 

balloons contain a piece of paper containing 

instructions, while the other two are blank. There are 

three criteria for balloons that you can choose from. The 

criteria were as follow: 

Balloon 1: The type of gas is Nitrogen and 30% of 

maximum size; 

Balloon 2: The type of gas is Neon and 50% of maximum 

size; 

Balloon 3: The type of gas is Hydrogen, and 80% of the 

maximum size 

In this case, the maximum size of the balloon indicates 

the maximum numbers of molecules are x. The clue card 

is put inside the balloon with the highest internal energy, 

assuming that the size of the balloon and the gas 

temperature in the balloon is the same. Choose the 

balloon criteria which can help you win the challenge! 

Please, give the reason! 

The following is one of the students’ answers to the 

question above, which is given the initials S8. 

 

Figure 2 The answer of Students S8. 

From the answers given, it appeared that the student 

had produced mental models in either diagrammatic 

representations or other relevant forms of representation 

(point 3). The student could not manipulate their mental 

model when given a new design to solve the problem. To 

confirm the results obtained on the answer sheet, the 

following are quoted from the researcher’s interview with 

student S8. 

R :   After you read this question, what do you think? 

S8 :  I have to choose Ma’am, choose a balloon which 

has a clue card inside. 

R :   Have you thought of a solution? 

S8 :  Yes, I have already, Ma’am. 

R :   What is the solution? 

S8 :  In the question was told that the card containing 

the clue was in the balloon which had the most 

internal energy 

R :   What were you written first?  Is it a picture? 

S8 :  Yes, Ma’am, in order to make it easy to 

understand, I draw it 

R :   So, what was next? 

S8 :  Then, I was looking for which balloon had the 

highest internal energy? 

R :   How did you find it? 

S8 :  There is a formula to find out the internal 

energy, as I wrote (while pointing to the answer 

sheet) 
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R :   Can you explain? 

S8 :  Yes, Ma’am, start to explain the answer 

R :   What is f that you wrote? 

S8 :  Degrees of freedom, if I’m not mistaken, 

Ma’am. 

R :   It means that the level of freedom has a role? 

S8 :  Yes Ma’am 

R :   Do you think this is the right solution? 

S8 :  Yes, Ma’am, because only the degrees of 

freedom are looking for 

R :   Then, how about point b? 

S8 :  Because each one is monoatomic, that’s why I 

choose Ne. 

R :   Why do you say monoatomic? 

S8 :  Because everything is single, Ma’am 

R :   If all are single, why do you choose Ne? 

S8 :  I think Ne is not a single, Ma’am. 

R :   You say it was single at last. 

S8 :  I mean others except for Ne, Ma’am.  Because 

He seems to be element of no.1 

P :  Is there any relation with elements? 

S8 :  Yes, Ma’am. 

R :   Can you explain the relation? 

S8 :  I forgot, Ma’am, but there’s the relation 

definitely. 

R :   What do you think if the number of particles in 

each balloon is different? Does it still affect only 

the degrees of freedom of each balloon? 

S8 :  Yes, Ma’am, it can affect. 

R :   Ok. Do you have any other solutions? 

S8 :  That’s all I can think of, Ma’am. 

R :   Is your answer correct? 

S8 :  I hope so, Ma’am. 

R :   Do not you check anymore? 

S8 :  I have checked it, Ma’am. I’ve looked once 

before I collect it. 

Based on the answer sheets and the results of 

interviews with student S8 on the principle of energy 

equipartition, it showed that S8 produced a mental model 

in a diagrammatic representation which is relevant to the 

context of the question to facilitate its understanding 

(point 3). However, S8 has a rigid mental model and 

concluded that the shape of its mental model could not be 

changed when it was given a new proposition. S8 did not 

seem to be monitoring the process of preparing the 

mental model metacognitively. However, she was still 

doing self-checking by re-examining the use of the 

mental model to identify errors from the model (point 3). 

Based on this analysis, S8 got 6 points for her score, 

which was in the MMMA category. 

Referring to the MMA problem-solving scheme in the 

MMMA category, students with the MMMA category 

will usually produce a mental model based on 

diagrammatic representations or other relevant forms of 

representation, have little ability to manipulate their 

mental model when it is compared to HMMA students 

but sometimes do not examine problems and the 

resolution process carefully. Therefore, they maintain 

their mental model rather than modify or adapt it based 

on new conditions in the problem. They do a limited to 

no monitoring at all and check the mental models even 

though they answer with alternative approaches, which is 

not real. Three of these four characteristics occur in 

student S8. Therefore, S8 is categorized MMMA based 

on its value and characteristics. 

From the results of the interview conducted with 

students, it can be seen that the teacher’s role in asking 

questions determines changes in students’ thinking 

schemes. This is in line with the previous research 

finding that most students enjoy learning physics because 

of the teacher’s factor, which continues to encourage 

students to correct their thinking on problems in physics 

[2]. In addition, the learning process should be able to 

trigger and increase students’ involvement to solve 

problems coherently [16]. Both of these processes can be 

facilitated by revealing the mental model and the ability 

to change the mental model through the identification of 

Mental Model Ability (MMA). 

As one of the things that affect students’ learning 

outcomes [17], students’ self-confidence can be helped 

through interviews to see their mental models and their 

ability to modify their mental models. Learning should 

allow students to develop their self-concept and relate it 

to the situations they face [18]. So, it is very important to 

carry out learning which fosters students’ attitudes, 

motivation, and discipline in learning [19]. This series of 

processes can be facilitated through the identification of 

mental models and the ability to develop mental models, 

which is called as Mental Modeling Ability (MMA). 

This research only studies students’ MMA 

identification in the kinetic theory of gases, in which the 

scope of this study is only limited to its concepts. It is 
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necessarily to continue this study to any further side to 

identify students’ MMA in other essential physics 

concepts. This research can be used as a reference for 

other teachers and researchers in studying the kinetic 

theory of gases to improve the understanding and 

application of the concept in daily life. 

4. CONCLUSION 

The results of this study about the concept of gas 

kinetic theory, 30% of students were still at the LMMA 

level, 50% were at the MMMA level, and 20% were at 

the HMMA level. These results indicate that students’ 

ability in mental modeling on average is still at the 

moderate level (LMMA). The identification of students’ 

mental and MMA models is one of the references for 

teachers and other researchers in relation to physics, 

especially the concept of the kinetic theory of gases. 

These results can lead teachers to facilitate students to the 

correct mental model because students’ mental model can 

be changed by communicative interactions built in the 

learning process [20]. Furthermore, by knowing how 

students’ mental models and the ability to change mental 

models, the success of the learning process can be easily 

directed, because students do not feel inadequate in 

adapting to new concepts [21]. 
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