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In this study, we described research into prospective chemistry teachers' 
mental models for chemical equilibrium. This research aimed to describe the 
profile of prospective chemistry teachers' mental models of chemical 
equilibrium. This study was held at one university in Tangerang. The subjects 
in this study were 22 students. The method used is the descriptive research 
method, using diagnostic tests as a research instrument. The research 
outcome showed 59.42% for the macroscopic stage, 51.34% sub-microscopic 
stage, and 66.18% symbolic stage. This outcome showed the variety of the 
understanding of prospective chemistry teachers for every level of chemical 
representation but generally, the understanding at the submicroscopic level 
was still relatively low. The profile of the mental models at each level of 
representation showed varied results but on average has a higher percentage 
in the Phenomenon Model and the Character-Symbol Model.  The category of 
mental models at each level of representation mainly shows a linkage between 
the characteristic of the level of representation and the students’ mental model 
type. The result of this work point to the need of developing a learning 
strategy that accommodates the multiple representations. The next study also 
should recognize that sub-microscopic level representation is very important 
as this level help the students understand the scientific concept and give the 
correct explanation to chemical phenomena and reduce the misconception. 
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INTRODUCTION 
Chemistry is defined as the study of the structure of matter and the changes that undergo 
in natural processes and also in planned experiments (Landa et al., 2020) which are 
studied through the scientific method (Fernández-González, 2013; Hono et al., 2017). 
Furthermore, the concept of chemistry plays important role in chemistry as a strong 
foundation for students to carry out their next proper learning (Wu et al., 2021). The 
characteristics of chemistry are demonstrated by the chemical multiple representational 
that consists of macroscopic level, sub-microscopic level, and symbolic levels (Johnstone, 
1991). Students are required to have a complete understanding of the subject matter of 
chemistry. Holistic understanding is produced when students can use and link the 
multiple representations, macroscopic, sub-microscopic, and symbolic in the learning 
process (Farida et al., 2011). Mastery of concepts in learning chemistry is significant 
(Avargil, 2019) as the concept is connected tightly one to another (Irawati, 2019). 
However, students will always have any prior knowledge, where among that are life 
experiences connect to scientific phenomena before reaching the scientific source (Cetin 
et al., 2015). 

Previous studies have highlighted three levels of expression in chemistry (Taber, 2013) 
at list: (1) Macroscopic level; It describes the phenomena that can be observed through 
observation and It appears in the learner's daily experience as the learner observes 
changes in the properties of the substance like color change, gas formation, and 
precipitation in chemical reactions. (2) Submicroscopic level; Also known as the 
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molecular view, it explains the particle stage where a substance consists of a single 
particle. The sub-microscopic level is closely related to the theoretical explanation of 
underlying phenomena at the molecular or particle level.  (3) The macroscopic level and 
sub-microscopic could be stated symbolically. The symbolic stage includes the use of 
symbols in chemistry, equations, formulas, diagrams of molecular structure, diagrams, 
and symbols of substances. It gives data both macroscopically (number of substances 
used) and molecular stage (the number of matter used). When students can explain the 
three levels of representation and link them, then they could fully explain both 
phenomena and concepts that are associated with these phenomena. The three-level of 
representations relate to each other, represented in the triangle diagram that is the 
Johnstone triangle, as shown in Figure 1 (Johnstone, 2009). 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1.  
 

Mental models represent the objects, ideas, thoughts, or processes of each individual 
that are used to describe and explain a phenomenon when studying science (Jansoon et 
al., 2009; Liu et al., 2014). Mental models are formed from experience, interpretations, and 
descriptions when studying chemistry. Mental models usually develop according to their 
needs in making predictions and solving problems in learning chemistry (Halim et al., 
2013). The use of models is to build, explain, and make hypotheses for the prediction of 
scientific phenomena, processes, or systems. Mental models could come in some shapes 
to convey ideas and solve problems for others (Ibrahim & Rebello, 2013).  Mental models 
are essentially used to predict and solve problems in chemistry (Chittleborough, 2004). It 
means when students hold a whole mental model, they will be able to make good 
explanations about problems in chemistry, on the contrary, if students have wrong or 
incomplete mental models, students will have difficulty solving chemical problems or 
even have misconceptions. Therefore, it is very important in building a complete mental 
model for students. 

Mental models can be thought of as a significant part of building students' conceptual 
frameworks as well as have a qualified task in chemistry study for the molecular stage 
because many chemicals are involved at the molecular (microscopic) level which cannot 
be reached through direct perception (Bodner & Domin, 2000). Explaining the 
phenomena at a macroscopic stage continues to the sub-microscopic and symbolic stage. 
This process known as ITLS (Interdependence of Three Levels of Science) Concepts 
model described by Detevak as shown in Figure 2 to give an explanation of the 

Figure 1. The chemistry triple representation. 
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relationships among these levels and the mental model as an integrated part that can 
keep knowledge into long-term memory (Devetak, 2005).  

 
 

 
 
 
 
 
 
 
 

Figure 2. The ITLS concepts model. 
 

The integrity of the mental model in chemistry can be seen in the ability of students to 
explain a chemical phenomenon in all types of representation. This is because chemistry 
is composed of concrete and abstract concepts so the connection between the three 
representations will lead to understanding in chemistry (Jansoon et al., 2009). The three 
levels of representation have an impact on students' mental models (Halim et al., 2013). 
The formation of a complete mental model of students, one of which is the role of the 
teacher as a student educator during learning. The teacher's teaching strategy and the 
processing of the teacher's teaching materials greatly affect the development of the 
students' mental models, so in building a complete student mental model, the teacher 
must create appropriate learning strategies. 

One of the ways to create the right strategy can be supported by the teacher's 
knowledge of students' initial mental models. The initial mental model can provide an 
overview of how students process the information that has been given in solving 
chemical problems so that teachers can find out students' difficulties and even 
misconceptions that students usually have. Armed with this knowledge, the teacher 
improves the way of teaching and processing teaching materials. The importance of 
knowledge about students' mental models can also be seen in the many studies that have 
been carried out in analyzing students' mental models on chemical concepts such as the 
concepts of hydrolysis, thermochemistry, chemical bonds, and solubility. 

Previous research on mental models gives various results. The application of 
experiments using an inquiry learning approach gives a positive impact on students’ 
mental models of related concepts (Supasorn, 2015).  The alternative mental models on 
the topic of electrolyte and nonelectrolyte solutions (Suja et al., 2021). The students’ 
mental models for the atomic structure were not coherent for different everyday contexts 
(Zarkadis et al., 2017). A connection between participants with more sophisticated to their 
variate reasoning (Wright & Oliver-Hoyo, 2020). The idea of using Augmented Reality  
(AR)  to enhance mental model chemistry (Latipah et al., 2021). 

In this study, the material raised by the researcher is a chemical equilibrium. Research 
on mental models on the concept of chemical equilibrium is still limited even though the 
topic of chemical equilibrium include as one of the important concepts that need to teach 
to students because it relates a lot to other chemical concepts. The concept of chemical 
equilibrium is one of the concepts that are difficult to teach or learn because the concept 
is related to several other concepts such as oxidation-reduction, acid-base, and reaction 
rate and requires the use of representations at the level of macro, micro, and symbolic 
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(Mensah & Morabe, 2018). The results of other studies also show that many students at 
different age levels have many misconceptions about the concept of chemical equilibrium 
(Ulinnaja, 2019). Based on the importance of growing students' mental models intact, the 
importance of knowledge of students' initial mental models, and the limited research on 
students' mental models on the material chemical equilibrium, it is necessary to research 
Student Mental Model Profile on Equilibrium Material.  

Research on prospective chemistry teachers’ mental models of the chemical 
equilibrium is important to conduct as they are the future teacher later. Prospective 
chemistry teachers should build the correct mental model because they will transmit it to 
their students through their teaching. The teacher needs to know how the construction of 
mental models by the students so they can avoid constructing the wrong mental models 
because it is important in learning Chemistry (Coll, 2008; Nahum et al., 2004). The 
knowledge of students’ mental models is significant as teachers use increasingly complex 
models throughout the degree program (Johnson-Laird, 1983; Vosniadou, 1994). Based 
on that thought, this study aimed to analyze the profile of the initial mental model of 
prospective chemistry teachers on the topic of chemical equilibrium. 

RESEARCH METHOD 
Participants  
The subjects of this research were all the prospective student teachers in their second year 
of a four-year study in the Chemistry Education Study Program at one of University in 
Tangerang. All the students took General Chemistry and Fundamentals of Chemistry 
courses in two semesters. Each course involved two 50 minutes lectures and three 50 
minutes of laboratory sessions per week and was compulsory for all undergraduate 
students in the second and third year, respectively. All the students enrolled in the 
courses had completed the study of the chemical equilibrium concept, which was 
discussed in Fundamentals of Chemistry in the third semester.  
 
Instrument and Procedures 
This study was conducted using a descriptive method. This research describes the 
prospective chemistry teachers’ mental model profile on the topic of chemical 
equilibrium using descriptive research methods. The instrument test uses a diagnostic 
test to construct a profile of a student's mental model on the subject of chemical balance. 
Diagnostic tests are the instrument to find the weaknesses students understand and 
supply suitable remedies based on the weaknesses (Arikunto, 2009). Procedure of tis 
research could be found at Figure 3. 

The diagnostic test used in this research is an open question (accompanied by pictures 
and description). This instrument uses open-ended questions to find data that describe 
the three representations of chemistry. Along with that, the mental model’s category will 
be defined based on their responses. The description of students' understanding of the 
topic of chemical equilibrium in all categories of representations is based on 
predetermined learning indicators. The learning indicators derive into indicators to 
evaluate students' understanding of the chemical equilibrium topic in terms of 
macroscopic, submicroscopic, and symbolic levels. All questions in the mental model 
diagnostic test have been declared valid by two chemistry education lecturers at Pelita 
Harapan University and also have good reliability. 
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Figure 3. Research flowchart. 

 
 

Table 1. Learning indicators with indicators of diagnostic test question items and its 
representation. 

Learning Indicator Indicator Item Problem Representation 

Understand the concept 
of dynamic equilibrium 

▪ Estimating the substances present when 
equilibrium is reached 

▪ Macroscopic 
 

 ▪ Explain the process of achieving 
equilibrium and the conditions at which 
equilibrium is achieved based on changes in 
the composition of the molecule and the 
color of the reaction mixture as long as the 
reaction takes place 

▪ Sub-
microscopic 
 

Understanding the 
concentration 
equilibrium constant, Kc 

 

▪ Determine the equilibrium constant 
mathematical equation based on the 
reaction equation 

▪ Calculates the value of the concentration 
equilibrium constant, Kc, based on data on 

▪ Symbolic 
 

▪ Symbolic 
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Learning Indicator Indicator Item Problem Representation 
the number of substances before and after 
equilibrium is reached 

▪ Calculates the value of the concentration 
equilibrium constant, Kc, based on data on 
the number of substances before 
equilibrium is reached in several 
experiments 

▪ Sub-
microscopic 
 

Understanding the 
pressure equilibrium 
constant, Kp, and its 
relation with Kc 

▪ Calculates the value of the partial pressure 
equilibrium constant, Kp, based on the 
equilibrium constant value of concentration, 
Kc, at the same temperature of a reaction 

▪ Formulate an equation that states the 
relationship between Kc and Kp of a reaction 
equation 

▪ Calculates the value of the partial pressure 
constant, Kp, based on the quantity data the 
value of the equilibrium constant, Kc 

▪ Symbolic 
 
 
 
▪ Symbolic 
 
▪ Symbolic 
 
 

Understanding the 
quotient reaction 

▪ Calculating the value of the reaction 
community, Q, based on data on the 
concentration of substances in a reaction 

▪ Estimate whether or not equilibrium is 
achieved in a reaction based on the data of 
the value of the reaction cient, Q, to the 
value of the concentration equilibrium 
constant, Kc 

▪ Predict the movement of a reaction to 
achieve equilibrium based on the data 
quantity of the reaction cient, Q, to the value 
of the concentration equilibrium constant, Kc 

▪ Symbolic 
 

▪ Sub-
microscopic 
 
 

▪ Sub-
microscopic 
 
 

Predict the equilibrium 
shifting 
when concentration 
increase or decrease 

▪ Estimate the direction of the equilibrium 
shift when the reactant concentration is 
added 

▪ Describe changes in the concentration of 
substances when there is a shift in 
equilibrium due to the addition of the 
concentrations of one of the reactants 

▪ Macroscopic 
 

▪ Symbolic 
 

Predict the equilibrium 
shifting 
when pressure 
increase or decrease 

▪ Describe the process of shifting equilibrium 
when system pressure is added 

▪ Describe changes in the concentration of 
substances when there is a shift in 
equilibrium due to the addition of system 
pressure 

▪ Sub-
microscopic 

▪ Symbolic 
 

Predict the direction of 
the equilibrium shift 
when temperature 
increase 

▪ Describe the process of shifting equilibrium 
when system pressure is added 

▪ Describes changes in the concentration of 
substances when there is a shift in 
equilibrium as the temperature is raised 

▪ Macroscopic 
 

▪ Symbolic 
 

 
Here are one example questions that can access three levels of student representation 

according to indicators that have been compiled. The question in this diagnostic test has 
passed the content validation stage carried out by two experts and declared valid. 

https://journal.unesa.ac.id/index.php/jpps


Mental Models in Chemistry: Prospective Chemistry Teachers’ Mental Models of Chemical Equilibrium 
 

 

JPPS https://journal.unesa.ac.id/index.php/jpps  119 

Below is a reversible chemical reaction at 25oC:  
N2O4(g) ⇆ 2NO2(g) 

 

 
 
 
 
 
 
 

a) What gas is present when equilibrium is reached? 
b) Briefly explain the reasons behind your answer. Use the image below to help 

with your explanation.  
 
 
 
 
 
 
 
 
 
Description: 
 
 : NO2 molecule 

 

       : N2O4 molecule 

 
c) State the equilibrium constant for the reaction mathematically. 
d) In an experiment at a temperature of 25oC there are 0.670 M of N2O4 gas. After 

equilibrium is reached, 0.0547 M of NO2 gas is obtained. Calculate the value of 
the constant, Kc for the reaction equilibrium. 

e) Here are some data on different initial concentrations for each component in the 
N2O4(g) ⇆ 2NO2(g) reaction which takes place at 25oC. 

Experiment Experiment 1st  Experiment 2nd  Experiment 3rd  

[N2O4] 0.500 0.600 0.000 

[NO2] 0.0300 0.0400 0.200 
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Based on the above data, estimate the value of the equilibrium constant, Kc for 
the reaction. How is the value of Kc compared to part d, is it “same”, “larger” or 
“smaller”. Give a brief explanation of your answer! 

f) Based on the value of Kc obtained in section d, calculate the value of Kp at the 
same temperature. It is known that R = 0.0821 L.atm/K.mol. 

 
Data Analysis 
The diagnostic test results are put into groups based on similar responses into categories, 
calculate percentages for each category, and interpret student percentages in a 
descriptive format that includes student understanding and mental model categories at 
each level of chemical expression. They have to be analyzed by doing. Mental model 
categories follow the Lin and Chiu categories: Scientific Model (SM), Phenomenon Model 
(PM), Character Symbol Model (CSM), and Inference Model (IM) (Lin & Chiu, 2007; 
Taber, 2009). The Mental Model category of Student Chemistry Teachers of Chemistry 
Equilibrium describes how a picture of a general study emerges from the perspective of 
a student chemistry teacher's understanding of chemistry equilibrium from three levels 
of chemical expression. The mental model is intended to provide an overview of the 
contribution of chemical understanding to the three chemical expressions (Jansoon et al., 
2009). The insights gained relate to the description of categories of student mental models 
and the relationship between the levels of chemical representation along with the student 
mental models category. 

  
RESULTS AND DISCUSSION 
Chemistry learning will be better if studied from the multiple representation perspective: 
macroscopic, sub-microscopic, and symbolic. These multiple representations are 
interrelated and help students understand the scientific phenomena. Chemical 
representation plays an important part in studying chemistry. Representation at the 
macroscopic level focus on what is visible. At this stage, students learn about scientific 
phenomena occurring. This phenomenon happens at a sub-microscopic stage where all 
particles interact with each other but it is invisible and can not be observed. This state 
will lead the abstract chemistry concepts and it is the key to making scientific 
explanations. The description of phenomena at this level will be put into concepts, 
theories, and principles that can describe the phenomena at the macroscopic level, using 
the description of electron flow,  and other particle interactions. The representation at the 
symbolic level involved equations in chemistry, equations in math, graphics, mechanisms 
of reaction, analogy, and kits to describe the scientific process in the other 
representations. 

Based on the results of diagnostic tests of chemical equilibrium conducted on 22 
prospective chemistry teachers, the findings were obtained in the form of their answers 
that had been categorized according to the categories of their responses. The level of 
prospective chemistry teachers’ understanding of the chemical equilibrium arranged for 
each learning indicator according to macroscopic, sub-microscopic, and symbolic levels, 
can generally be seen in Figure 4. 
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Figure 4. Level of prospective chemistry teachers' understanding every learning 

indicator for each level of chemical representation. 
 
The level of prospective Chemistry teachers’ understanding of the dynamic 

equilibrium and equilibrium constant is higher at the macroscopic level than at the sub-
microscopic. It shows that the prospective chemistry teacher had a low understanding 
and could not explain the basic concept of dynamic equilibrium. On the other hand, their 
understanding of equilibrium shifting at the sub-microscopic level is higher than the 
concept of dynamic equilibrium itself. They could explain better how the equilibrium will 
react when there are changes applied. The low understanding of the concept of dynamic 
equilibrium at the sub-microscopic level shows that the students have difficulty 
understanding how the process of reaching the equilibrium and what kind of conditions 
happen during the equilibrium. Whereas the sub-microscopic level connects the 
explanation of phenomena at the macroscopic level to the symbolic level which will lead 
to solidifying the students' understanding 

The gap in understanding in this sub-microscopic stage can also be analyzed from the 
results of student interviews conducted. Many students preferred to memorize chemical 
concepts at the symbolic level without understanding the meaning of the symbols used. 
This situation leads to creating difficulty for students to experience construct 
explanations at the submicroscopic level related to the macroscopic level phenomena 
(Suja & Nurlita, 2016). Moreover, they failed to make the connection between the 
observation data at the macroscopic level with the symbolic level (Rahmi et al., 2018). It 
was found that in learning chemistry equilibrium, the mathematical concept of chemical 
equilibrium is more emphasized compared to other concepts. Students assume that their 
mathematical mastery is very important. Students want to prepare themselves to be 
competent in examinations. In learning chemistry equilibrium, they more often practice 
the concept of counting (counting chemistry equilibrium). Students’ ability in solving 
numerical chemistry problems by using the mathematical equations but missed the 
understanding of chemical concepts or the foundational concept. Thus, it becomes crystal 
clear that students' understanding of chemistry equilibrium at the symbolic level 
dominates more than any other level.  

This result indicates that the learning should be with multiple representations since it 
is significant to improve students’ learning of chemistry concepts, especially the role of 
visualization representations to explain the phenomenon of sub-micro (Yakmaci-Guzel 
& Adadan, 2013). Report from previous studies shows that molecular animations could 
stimulate students’ imagination and enhance their understanding at the sub-microscopic 
level tus could build a bridge to macroscopic phenomena and changes in matter 
(Akaygun, 2016; Al-Balushi & Al-Hajri, 2014; Ryoo & Linn, 2014). However, there is a 
lack of students’ capacity to transfer these visualization mental models to reasoning 
(Bongers et al., 2020). In more detail, the level of prospective chemistry teachers’ 
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understanding of the chemistry equilibrium subject in terms of each level of chemical 
representation for the two learning indicators can be seen based on each indicator item. 
These details are summarized in Table 2. 

 
Table 2. Level of prospective chemistry teacher's understanding of the chemistry 

equilibrium subject in terms of each level of chemical representation 

Chemical Representation Problem Percentage Percentage Average 

Macroscopic 

1 (a) 56,52% 59.42% 

4 (a) 30,43% 

6 (a) 91,30% 

Sub-microscopic 

1 (b) 13,04% 51.34% 

1 (e) 4,55% 
3 (b) 65,22% 
3 (c)  73,91% 
5 (a) 100,00% 

Symbolic 

1 (c) 91,30% 66,18% 
1 (d) 47,83% 
1 (f) 69,57% 
2 (a) 60,87% 
2 (b) 69,57% 
3 (a) 56,52% 
4 (b) 47,83% 
5 (b) 69,57% 
6 (b) 82,61% 

 
The results of students' answers to the chemistry equilibrium diagnostic test questions 

were analyzed further to find the description of their mental models. The students' 
answers are then groupings into the macroscopic, sub-microscopic, and symbolic levels 
based on their responses, along with that the data is further analyzed to give the type of 
students' mental models, whether including Scientific Models (SM), Phenomenon 
Models (PM), Character-Symbol Models (CSM), or Inference Model (IM). According to 
the mental model category description by Lin and Chiu (2007), the data has been drawn 
to find the connection between mental model types that match their description for each 
level representation in chemistry. Generally, the level of student mental model categories 
for the macroscopic, sub-microscopic, and symbolic levels of the chemistry equilibrium 
material is based on learning indicators, as shown in Figure 5. 

 

 
Figure 5. Levels of model mental category prospective chemistry teacher in chemical 

equilibrium for each learning indicator. 
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Figure 5 shows that almost all students have Character-Symbol Model (CSM) in every 
problem that represents symbolic level representation. Nearly half are in the 
Phenomenon Model (PM) and Inference Model (IM) categories, and only a small 
proportion is included in the Scientific Model (SM) category. Understanding the symbolic 
level is the best for almost all students based on the Character-Symbol Model (CSM) 
percentage. The scientific Model (SM) category is only gained by a few because they only 
can describe, interpret, and predict phenomena that occur based on facts, laws, 
principles, or certain scientific principles. Some of the data also shows inaccurate 
conclusions because only gives incomplete explanations or generalizations of some 
separate scientific concepts, put into the Inference Model (IM) category. Furthermore, the 
Phenomenon Model (PM) category is owned by almost half of the students because their 
understanding is more at the macroscopic level, as well as when explaining at the sub-
microscopic level they still use an explanation of what they can observe. 

Based on the data obtained, then for items representing macroscopic representations, 
it is obtained that the understanding of prospective teacher-students is generally quite 
good on the Phenomenon Model (PM) mental model. For problems in the sub-
microscopic category, it was found that students generally still had difficulty explaining 
scientifically their understanding of the concept of dynamic equilibrium. From the results 
of interviews with students, it was found that they still had difficulty understanding 
molecularly the chemical processes that occur in equilibrium reactions that take place 
back and forth. And almost all the questions that represent the symbolic level show that 
students tend to use the concept of mathematical calculations on chemical equilibrium. 

The number of students who fall into this category of mental models by their 
understanding in terms of the macroscopic level for this learning indicator. Furthermore, 
the Scientific Model (SM) category is owned by most students, and the Inference Model 
(IM) by almost half the students. Meanwhile, some learning indicator is not included in 
the Character-Symbol Model (CSM) category. This is because in this indicator no 
questions are made that measure student understanding in terms of the symbolic level 
so no students are included in the category of CSM mental models. The chemical 
representations are macroscopic, sub-microscopic, and symbolic levels as their properties 
tat unique and different between them. Based on a comparison of mental model 
categories by Lin and Chiu (2007) combined with properties of chemical representations 
and the type of mental models they have, the connections between the two concepts are 
shown in Table 3. 
 

Table 3. Relationship of mental model categories and chemical representations. 

Model Mental Category 
Chemistry Representation 

Macroscopic 
Level 

Sub-microscopic 
Level 

Symbolic 
Level 

Scientific Model (SM) √ √ √ 
Phenomenon Model (PM) √   
Character-Symbol Model 
(CSM) 

  √ 

Inference Model (IM) √ √ √ 
(build the wrong conclusion) 

 

Table 3 shows the connections show that the mental model category of the scientific 
model (SM) is made from all three levels of chemical representation, with correct answer 
alternative for sub-microscopic. Indeed, interpreting the sub-microscopic level needs 
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knowledge at the macroscopic and symbolic levels. Measuring understanding at the 
macroscopic level connects to the mental model phenomenological model (PM). And for 
measuring understanding at the symbolic level, the appropriate type of mental model is 
the Character Symbolic Model (CSM). Mental Model Type Inferential Modeling (IM) is 
an alternative response for each item at the macro, micro, and symbolic levels that form 
the wrong conclusion. At this stage, misconceptions can be formed when students have 
incomplete mental models at the micro-level (Rahmi et al., 2020). 

Another incorrect conclusion could come from associative thinking. Associative 
thinking arises when students think that a concept same as another concept. Associating 
one concept with another concept will lead to misconceptions. However, it couldn’t be 
avoided because of the degree of similarity between the terms and errors in 
understanding the connection between concepts. Students'  wrong generalizations from 
the result of their experience,  misinformation from teacher carelessness,   teacher 
misconceptions,   and reflection of misleading information in textbooks will make 
incorrect or incomplete concepts  (Zajkov et al., 2017), and give impact student’s 
conceptual learning (Chazbeck & Ayoubi, 2018; Develi & Namdar, 2019). 

 The results of this study were vary based on the data. Based on this, it can be 
concluded that the types of mental models of prospective chemistry teachers for 
understanding test questions at the macro level are scientific models (SM), phenomena 
(PM), and inference models (IM). From the three categories of mental models owned by 
students, it can be seen that the PM mental model category is more numerous, followed 
by the IM category and finally the SM category. This shows that the type of mental model 
of students generally agrees with the characteristics of the problem at the macro level, 
namely the Phenomenal Model (PM).  On the other side, for categories of IM and SM 
mental models depends on the students' mental models based on their knowledge before, 
together with the conditions when answering the questions. This showed mental models 
are always dynamic when interacting with questions or problems or with certain 
conditions.  

The mental model categories for the concept at the sub-microscopic level are the 
Scientific Model (SM), the Phenomenon Model (PM), and the Inference Model (IM). 
Students who have SM mental model categories are more than IM and PM categories. 
This is by the prediction that has been determined previously, that the category of mental 
model of SM is most appropriate for students to have on this sub-microscopic problem. 
A scientific Model (SM) is a model that is by generally accepted scientific principles. That 
is, students' explanations of a sub-microscopic phenomenon require understanding at the 
macroscopic and symbolic levels, to produce generalizations that are generally accepted 
and by certain scientific principles. The CSM mental model category dominates more 
than IM. This is aligned with the symbolic level problem type and indicators from the 
category of the CSM mental model. The interrelation between chemical representations 
at each representation to the mental model category of prospective chemistry teachers in 
the topic of chemical equilibrium is shown in Figure 6. 
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Figure 6. Level mental model categories of prospective chemistry teacher in the 
chemistry equilibrium material at each level of chemical representation 

 

Developing mental models will be very meaningful for students to enhance their skills. 
This study will further continue to find the model that can be used to bolster students’ 
mental models to describe interactions of molecules and particles that are very dynamic. 
Educators could explore students’ natural tendencies that could guide the deeper 
explanations (Galloway et al., 2017) by implementing the value of deeper and causal 
explanations in learning and evaluation, lest students will change to less scientifically 
meaningful methods of answers to simply get to the answer (Bodé et al., 2019; Crandell 
et al., 2019). 
 
CONCLUSION 
Based on the results of data processing, research findings, and discussion of the profile 
of prospective chemistry teachers’ mental models on the material chemistry equilibrium 
show varied results. Students' understanding at a sub-microscopic level for chemistry 
equilibrium material is the lowest when compared to representation at other levels. The 
mental models of prospective chemistry teachers vary from the Scientific Model (SM), 
Phenomenon Model (PM), Character-Symbol Model (CSM), and Inference Model (IM). 
Meanwhile, the connection between chemical representation and the type of mental 
model of prospective chemistry teachers in chemistry equilibrium material is aligned 
with analysis, which is based on previous research a comparison between the 
characteristics of chemical representation and the mental model categories they have.  
This study showed that the learning of chemical equilibrium to these students 
emphasizes more at a symbolic level. The students gain more understanding at the 
symbolic level and less at the macroscopic and even more at the sub-microscopic level. 
Further study will be needed to develop a learning strategy and learning media that 
could facilitate the multiple representations in chemistry. Considering also that chemical 
equilibrium is connected with the other concept in chemistry such as oxidation-reduction, 
acid, and base, and also rate of reaction thus the correct mental model of this concept 
becomes important. The next study also should recognize that sub-microscopic level 
representation is very important as this level help the students understand the scientific 
concept and give the correct explanation to chemical phenomena and reduce the 
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misconception. This research is limited to the analysis of a mental model based on the 
diagnostic test. This research is very dependent on the response of the research subjects 
in the diagnostic test. In this study, no further investigation was carried out regarding the 
understanding of research participants about the contents of the diagnostic test so there 
is the potential for errors in interpreting the instructions in the test. To minimize this 
error, it is necessary to conduct interviews with research participants to confirm their 
perceptions of more in the diagnostic test. 
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