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Abstract 
Mental models are representations that describe the understanding of the three levels of representation in chemistry, 

that is macroscopic, sub-microscopic, and symbolic. This study aims to obtain a general description of the mental model of 
pre-service chemistry teachers in the colligative properties of non-electrolyte solutions. The study was a descriptive research 
with 22 second-year FIP Chemistry Education students from Pelita Harapan University Tangerang. Data collection was 
carried out with research instruments in the form of diagnostic tests. The results of the study state that the average percentage 
level of representation is 67 % macroscopic level, 31% sub-microscopic level, and 72 % symbolic level. The results of this 
study indicate that students' understanding at the macroscopic and sub-microscopic level of the colligative properties of non-
electrolyte solutions was low compared to chemical representations at a symbolic level. Meanwhile, the categories of mental 
models possessed by pre-service chemistry teachers in the topic of non-electrolyte colligative properties vary for each level of 
chemical representation. Based on the percentage at each level of representation, the mental model of chemistry teacher 
candidates with a symbolic model category is higher than the scientific model. The low mental model of the scientific model 
contributed to the understanding of the pre-service chemistry teachers that the concept of chemistry is not intact scientifically.

Keywords: Mental model, chemical representation, colligative properties 
 

 

Introduction 
Chemistry subject matter, like other natural 

science subject matter, contains complex and 
abstract concepts. To understand the concept of 
chemistry, students must understand three levels of 
representation. (Johnstone, 2009). The 
macroscopic and symbolic levels usually get more 
emphasis than the sub-microscopic levels in both 
the high school and college general chemistry 
classes. It is challenging for the students to visualize 
the chemical structure and dynamics of particles; 
therefore, various visualizations and tools have been 
used in chemistry education. For science educators, 
it has been important to understand how students 
visualize and represent particular phenomena – i.e., 
their mental models– to design more effective 
learning environments (Akaygun, 2016). Students' 
understanding of chemistry learning is seen from 
their ability to connect the three aspects because, in 
understanding chemistry deeper, students must be 
able to balance the relationship between concepts in 
chemistry with these three levels, this can help 
students overcome difficulties in visualizing the 
structure of the material (Andriani et al., 2017). The 
mental model is a term that appears to represent an 
understanding of the three levels of representation. 

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
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A set of ideas in a person's mind to describe and 
explain a phenomenon can be represented by a 
mental model (Jansoon et al., 2009). This means 
that misconceptions are mental models that are 
incompatible with scientific truth (Aini et al., 
2019)). The mental model used by novices and 
experts in chemistry for simulating and reasoning 
about sub-microscopic processes (Bongers et al., 
2019).  

The mental model is a theory about the 
organization of knowledge. For this reason, a mental 
model can be defined as the representation of 
individual knowledge (Seel, 2006)). Mental models 
are knowledge structures consisting of coherent 
elements to explain phenomena (Didiş et al., 2014). 
The mental function of the model is similar to 
computer simulation because it allows simulations 
in the minds of learners by processing input to 
predict outcomes (Taber, 2013). Thus, individual 
reasoning is possible and facilitates problem-solving, 
and as a result, they have very important daily 
reasoning (Gentner, 2002)). Supriadi in his research 
(Supriadi et al., 2018). Found that mental model 
also affected by initial knowledge of the students. 
His research describes findings that the higher the 
initial knowledge of the students, the mental model 
will be higher also. Rahmi in her research also find 
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the contribution of the mental model to 
misconception in chemistry. It is clear that a mental 
model that is not complete will lead to 
misconceptions in chemistry (Rahmi et al., 2020). 

Chemistry is a branch of science that is 
concerned with the properties and interactions of 
the matter of a substance (Ridwan et al., 2017). 
Three levels of knowledge in learning chemistry, the 
macroscopic level, the particulate/sub-microscopic 
level, and the symbolic level. At the macroscopic 
level, the explanation focuses on observable 
chemical characteristics. This can be done when 
students observe real phenomena in the laboratory 

or in everyday life. At the macroscopic level, it 
includes changes in color, temperature, pH of the 
solution, gas formation, or precipitate formation 
that can be observed during chemical reactions. For 
example, the macroscopic level of water includes a 
physical description of water at various 
temperatures. At the particulate/sub-microscopic 
level, chemistry is represented in terms of the atoms, 
molecules, and ions that form it using a molecular 
image or model (Ridwan et al., 2017). 

The relationship between the three levels is 
described by Johnstone (2009) in the triangular 
shape known as the Johnstone’s triangle. 

 
 
 
 
 
 
 
 
 
 
 
 

 
In chemistry learning, the use of modeling 

and deep modeling Chemistry learning can be an 
easy deep visualization tool that bridge the 
macroscopic and sub-microscopic domains of 
students (Gilbert, 2004). 

In addition, the dependence of the three levels 
above which are associated with concrete and 
abstract knowledge (Devetak et al., 2004).

 
 
 
 
 
 
 
 
 
 
 
 
 

In every area of chemistry, the strategies for 
teaching should consolidate overall the 
macroscopic, sub-microscopic, and symbolic level 
of chemical concepts so it can facilitate 
understanding. Thus, observing a chemical process 
in daily life or in laboratory work (macroscopic) is 
not enough and describes the data measured in plots 
and diagrams (symbolic). There must be 
explanation observations and symbols on the 
particle level (sub-microscopic) and can make a 
connection for all three levels appropriately. In 
Johnstone’s eyes, meaningful learning in chemistry 
requires exploring the ‘‘interior of the triangle’’ 
which most learners are so very unfamiliar with 
(Schwedler & Kaldewey 2020). The capacity to 
explain the relationship between the three levels 
above is also possible to acquire knowledge of 
students' long-term memory. An understanding of 

the macroscopic level that occurs can be explained 
by mental models. This shows that mental models 
have an important role (Coll, 2008). A fully 
understanding of chemistry can be achieved by 
representing chemistry concepts in three levels of 
representation to describe the phenomena (Albaiti 
et al., 2016)). Linking the sub-microscopic and 
symbolic level in chemistry can be done through 
dynamic simulation with a cognitively engaging, 
comparably enjoyable learning process, which 
strengthens conceptual understanding (Schwedler 
& Kaldewey, 2020). Alternative conceptions can be 
suppressed by increasing understanding of the three 
levels of chemical representation (Jansoon et al., 
2009). However, chemistry studies currently place 
more emphasis on the symbolic level (Bunce et al., 
1991). As a result, chemical material is studied by 
memorizing that is not meaningful.  

Figure 1. Three levels of representation used in chemistry 

Figure 2. The interdependence of the three levels of science concepts model 
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On the other hand, learning chemistry which 
includes three levels of representation, will make 
understanding of chemistry intact and bring 
students to understand how the world works. 
Students build mental models based on students' 
understanding and experiences that are influenced 
by the surrounding environment (Darmiyanti et al., 
2017). This means that when a student is trying to 
explain a phenomenon, some of the relevant pieces 
of knowledge that we call prior knowledge are 
activated in order to form in situ a particular mental 
model. Thus, based on the phenomenon, a different 
group of prior knowledge could be used, and a 
different mental model could be formed in order to 
reach an explanation (Zarkadis et al., 2017). The 
incomplete understanding of students in learning 
chemical concepts will continue to be carried over 
to the next levels. If this is not addressed, it will be 
difficult for students to understand chemistry 
lessons in the future, and their mental chemical 
models tend to be incomplete. This can also hinder 
the teaching and learning process of chemistry so 
that knowing students' mental models of chemistry 
at the previous level is needed for teachers to be able 
to provide appropriate learning strategies for 
students to improve students' incomplete 
understanding (Yoni et al., 2019).  

Mental model research on many chemical 
concepts has been carried out such as chemical 
bonding, dilution, matter particles, acid-base, 
molecular geometry, and polarization, which are 
generally considered abstract and difficult concepts 
(Coll, 2008; Jansoon et al., 2009; Lin & Chiu, 
2010; McClary & Talanquer, 2011; Wiji & 
Mulyani, 2018). The research was carried out from 
the level of basic education to higher education, 
both for low, medium, and high competence 
groups. The results of the research obtained also 
vary depending on the level of education and the 
category of their respective abilities. The higher the 
level of education, the mental model at the 
microscopic level increases and is consistent with 
scientific concepts (Handayanti et al., 2015). The 
researchers found that building mental models, 
especially on the sub-microscopic level concepts, 
students’ understanding of macroscopic and 
symbolic representations was very important 
because the understanding of phenomena and the 
representations should be fully in order to open the 
limit students’ development of knowledge 
organization (Körhasan & Wang, 2016). Wright 
and Oliver-Hoyo, in their research, describe that the 
findings of this mental study model have important 
implications for teaching (Wright & Oliver-Hoyo 
2020). 

One of the concepts studied in chemistry is the 
colligative properties of solutions. The results of the 
research show that there are still many high school 
students who have misconceptions about the 
concept of the colligative properties of solutions. 
Some of the misconceptions that were found among 
others were that students thought that a solution 

with a higher density caused a high boiling point, 
that the presence of salt in the solution could 
increase the boiling point because the salt prevented 
evaporation(Wiji & Mulyani, 2018). This is also in 
line with the results of research, which found that 
students thought that the presence of salt would 
prevent evaporation and increase the boiling point 
of the solution. Another finding showed that the 
students considered the bonds in the salt molecule 
strong enough and that it needed a lot of energy to 
break it so that the boiling point of the salt solution 
was higher than the boiling point of water (Wiji & 
Mulyani, 2018). 

Research on pre-service teacher 
misconceptions on the colligative properties of 
solutions is important to do because they will teach 
later. If the mastery of the concept is not good, even 
accompanied by misconceptions, then these 
misconceptions will be transmitted to their 
students, even though the misconceptions can 
prevent them from being able to understand the 
concepts well. Pre-service chemistry teachers as the 
students need to fully understand the chemistry 
before they can deliver it to their students in the 
future (Albaiti et al., 2016). 

This paper intends to present the analysis of 
students' mental model profiles in the topic 
colligative properties of nonelectrolyte solutions. 

Methods 
This research was conducted using descriptive 

methods. (Sukmadinata, 2007) states that 
descriptive research does not provide treatment, 
manipulation, or alteration of independent variables 
but describes a condition as it is. Descriptive 
research is intended to describe a situation or 
phenomenon as it is. In this study, the descriptive 
research method is aimed at looking at the mental 
model profiles of pre-service chemistry teachers on 
the topic of the colligative properties of 
nonelectrolyte solutions. 

This research was conducted in the Chemistry 
Education Study Program of the University of Pelita 
Harapan, with the subjects involved being students 
of second-level chemistry teacher candidates. 
Students who are the subject of this research have 
also studied the colligative properties of the 
solution. The instrument used is a diagnostic test. 

The test used is in the form of a diagnostic test 
that aims to see the mental model profile of 
chemistry teacher candidate students on the sub-
material of the colligative properties of 
nonelectrolyte solutions. 

Diagnostic tests are defined as tests that are 
used to determine student weaknesses so that based 
on these weaknesses, appropriate treatment can be 
given (Arikunto, 2009). 

The diagnostic test in this mental model 
research is in the form of open-ended questions 
(with pictures and descriptions). The diagnostic test 
in the form of open questions was chosen in the 
hope that it could represent the abilities of the 
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students' at macroscopic, sub-microscopic, and 
symbolic levels as well as the categories of mental 
models they had because students were given the 
freedom to express their opinions. 

As for the description of the understanding of 
student chemistry teacher candidates on the topic of 
colligative properties of nonelectrolyte solutions in 
terms of macroscopic, sub-microscopic, and 
symbolic levels, this is limited to predetermined 
learning indicators. 

The learning indicators are lowered back into 
6 item indicators, each of which has been designed 
to see the understanding of student chemistry 
teacher candidates on the topic of the colligative 
properties for nonelectrolyte solutions in terms of 

macroscopic, sub-microscopic, and symbolic levels. 
The suitability of the learning indicators with the 
item indicators and their chemical representations is 
as shown in Tables 1 and 2. 

The results of the diagnostic test were analyzed 
by grouping similar answers into one category, 
calculating the percentage of each category, and 
interpreting the percentage value of students in 
descriptive form, including students' understanding 
at each level of chemical representation and mental 
model categories had. The mental model category 
follows the categories that are scientific model (SM), 
phenomenon model (PM), character-symbol model 
(CSM), and inference model (IM) (Lin & Chiu, 
2007). 

 
 
 

Table 1. Compatibility of learning indicators with indicators of diagnostic test question items and 
its representation (part 1) 

Learning Indicator Indicator Item Problem Representation 

1. Describe the process of 
forming a solution 

 Observing the process of mixing sugar solids and NaCl in liquid as 
the basis for determining the formation of a solution Macroscopic 

 Describe the differences in the end results of mixing two types of 
solids in water

Sub-microscopic 

 Describe the process of forming ionic solutions through an overview 
of the process of dissolving NaCl in water Sub-microscopic 

2. Explain how to calculate the 
concentration of a solution 
in various concentration 
units of a solution 

 Observing two different colored Cu(OH)2 solutions as the basis for 
the difference in solution concentration

Macroscopic 

 Describe the difference in solution concentration based on the 
amount of solvent and dissolved in two solutions 

Sub-microscopic 

 Calculate the concentration of the solution in molarity and molality Symbolic 

3. Explaining the effect of 
solutes that are difficult to 
evaporate on the vapor 
pressure of the solvent 

 Explain the definition of solution vapor pressure Sub-microscopic 
 

 Estimating the difference in vapor pressure between pure solvent and 
solution 

Sub-microscopic
 

 Calculating Solution Vapor Pressure Symbolic 

4. Describe the boiling point of 
the solution 

 Observing the heating process of water as a basis for explaining the 
concept of the boiling point 

Macroscopic 

 Describe the process of boiling water through graphs and molecular 
structures of liquids at boiling Sub-microscopic 

 Describe the difference between the boiling points of a pure solvent 
and a solution through graphs and the molecular structure of boiling 
liquids

Sub-microscopic 

 Calculate the increase in the boiling point of the solution and the 
boiling point of the solution after a number of solutes have been 
added 

Symbolic 
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Table 2. Compatibility of learning indicators with indicators of diagnostic test question items and 
its representation (part 2) 

Learning Indicator Indicator Item Problem Representation 

1. Describe the freezing point 
of the solution 

 Observing the process of freezing water as the basis for the freezing 
point Macroscopic 

 Describe the process of water freezing through graphs and molecular 
structures of liquids when frozen 

Sub-microscopic 

 Explain the function of salt in making ice cream Macroscopic 
 Describe the difference between the freezing points of a pure solvent 

and a solution through graphs and the molecular structure of liquids 
when frozen 

Sub-microscopic 

 Calculate the decrease in the freezing point of a solution and the 
freezing point of a solution after a number of solutes are added 

Symbolic 

 Observing the conditions of cucumbers that were left in water and 
those that were left in a salt solution Macroscopic 

2. Describe the osmosis process 
 Describe the process of osmosis through an image of the osmosis 

process
Sub-microscopic 

 Calculating the osmotic pressure of the solution Symbolic 

 

Results and Discussion 
The mental model profile of pre-service 

chemistry teachers in the topic colligative properties 
of nonelectrolyte solutions describes pre-service 
chemistry teacher understanding in the topic 
colligative properties of non-electrolyte solutions at 
the three levels of chemical representation. This is 
because mental models provide an overview 
understanding chemistry at the three chemical 
representations (Devetak et al., 2004). The findings 
obtained are also used to describe the categories of 
mental models that students have and to explain the 
relationship between the three levels of chemical 
representation also the categories of mental models 
that students have. 

Pre-service chemistry teacher understanding in 
macroscopic, sub-microscopic, and symbolic levels 

Chemistry learning can be studied through 
three levels of representation, that are macroscopic, 
sub-microscopic, and symbolic levels (Johnstone, 
2009). The three levels of representation relate to 
one another and are used to understand a 
phenomenon that occurs. Chemical representation 
plays a vital role in learning chemistry 
(Chittleborough, 2004). 

Representation at the macroscopic level focuses 
on something that can be seen. At this level, 
students observe chemical phenomena that occur. 
The representation at the sub-microscopic level is an 
abstract level but provides an explanation of the 
microscopic (particulate) phenomena. 

This level is characterized by the concepts, 
theories, and principles used to explain what is 
observed at the macroscopic level, using 
explanations such as the transfer of electrons, 

molecules, or atoms. Meanwhile, representation at 
the symbolic level is used to represent chemical 
phenomena that occur at the macroscopic level 
through chemical equations, mathematical 
equations, graphs, reaction mechanisms, analogies, 
and model kits (Johnstone, 2009). 

Based on the results of the diagnostic test for 
the colligative properties of nonelectrolyte solutions, 
the findings from the students' answers were 
grouped according to the category of answers they 
gave. The group of answers given by the student is 
then made into a percentage to make it easier to 
interpret. 

The level of understanding of pre-service 
chemistry teachers in the topic colligative properties 
of nonelectrolyte solutions arranged per learning 
indicator for the macroscopic, sub-microscopic, and 
symbolic levels, in general, can be seen in Figure 3. 

Based on Figure 3, most students have a good 
understanding of the macroscopic and symbolic 
levels, where the percentage at the macroscopic level 
is less than the symbolic level. This means that 
understanding at the symbolic level is better than at 
the macroscopic level. Meanwhile, almost all 
students have a poor understanding at the sub-
microscopic level except for the second learning 
indicator, which explains how to calculate the 
concentration of a solution in various concentration 
units of a solution. Almost all students can give a 
scientific explanation regarding the concentration 
solution based on the number of solute particles 
they have inside the solution. At the third learning 
indicator that explains the effect of solutes that are 
difficult to evaporate on the vapor pressure of the 
solvent, the researcher could not provide any 
problem item to measure the student understanding 
at the macroscopic level.  
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Figure 3. Level of prospective chemistry teachers' understanding of colligative properties of 
nonelectolyte solutions in every learning indicator for each level of chemical representation

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Looking at the interpretation of the chemical 
representations obtained, then overall from the six 
learning indicators above, the tendency of students' 
understanding of the colligative properties of non-
electrolyte solutions can be drawn in terms of the 
lowest submicroscopic level compared to the 
macroscopic and symbolic levels even though the 
submicroscopic level is a bridge that can explain 
phenomena at the macroscopic level with 
representations at the symbolic level so that 
students' understanding becomes intact. 

In general, the results of interviews with 
students found that during the colligative nature of 
learning, the mathematical calculation concept 
received more emphasis than other concepts. 
Students more often practice the concept of 
calculating the concentration of the solution, the 
increase in boiling point, the decrease in the freezing 
point, and the osmotic pressure of the solution. 

This is the same as that reported by Bunce et 
al. (1991) that students are often able to solve 
numerical chemistry problems, use mathematical 
equations and enter numbers without 
understanding the concept of chemistry or the 
underlying science. Thus, it is clear that students' 
understanding of the colligative properties of 
nonelectrolyte solutions at the symbolic level is 
more dominant than other levels. 

Several factors that can cause this condition can 
come from the teachers and students themselves. 
Generally, because both teachers and students are 
focused on mastery of the topic, there is an 
assumption that mastery of the phenomenon related 
to colligative properties and mathematical concept 
related is more important, so much learning time is 
focused on these two levels. Thus, understanding at 
the macroscopic and symbolic level becomes more 
dominant than the sub-microscopic level. If 
students cannot relate the three levels of chemical 
representation, the concepts they understand will be 
fragmented and allow students to only memorize 
because the concepts learned only reach the surface 
(Eky et al., 2018). 

The findings obtained are in line with those 
expressed by Bunce et al. (1991) in his research 
where solving chemical problems numerically 
through mathematical equations can be mastered by 
students even though they are not accompanied by 
an understanding of the chemical concepts on 
which they are based. 

Based on the results of the study, some of the 
explanations given by students were also in line with 
previous findings, which indicated that there were 
students' misconceptions on the concept of the 
colligative properties of solutions, especially the 
boiling point of solutions. For example, the presence 
of salt in the solution can increase the boiling point 
because the salt prevents evaporation, that the 
presence of salt prevents evaporation and increases 
the boiling point of the solution. (Wiji & Mulyani, 
2018). Another finding showed that the students 
considered the bonds to the salt strong enough and 
that it needed a lot of energy to break them so that 
the boiling point of the salt solution was higher than 
the boiling point of water. There are also students 
who think that evaporation will be difficult because 
there is an interaction between salt ions and water 
molecules so that the boiling point of the solution 
increases (Wiji & Mulyani, 2018). 

The explanation given regarding the effect of 
the presence of volatile solutes on the vapor pressure 
of the solution in several textbooks varies. The 
reasons why a nonvolatile solute lowers the vapor 
pressure of the solvent are complex. One way to 
understand it is as follows. For evaporation to occur, 
molecules on or near the surface must have kinetic 
energy equal to or greater than the minimum 
amount required to evaporate. For example, at a 
certain temperature, 1% of the solvent molecules 
have this energy. Only these molecules can 
evaporate and experience dynamic equilibrium with 
their liquid and vapor. If, for example, there is a 20 
% portion of a nonvolatile solute in solution, then 
only 1% of the molecule has the necessary kinetic 
energy to evaporate, and only 80 % is the solvent. 
Therefore only 0.8 % of the solvent molecules in the 
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solution have sufficient energy to evaporate. The 
remaining 0.2% of the involatile dissolved 
molecules are difficult to evaporate. Since the 
fraction of the solvent molecules that have sufficient 
energy is reduced in the solution, the rate of 
evaporation also decreases. Because of this, the 
vapor concentration required for equilibrium is also 
lacking. As a result, the vapor pressure above the 
solution is lower than the vapor pressure above the 
pure solvent (Wiji & Mulyani, 2018). 

Silberberg (2007) provides the following 
explanation. The vapor pressure of a solution with a 
nonvolatile solute always lowers the vapor pressure 
of the pure solvent. At equilibrium, the rate of 
evaporation (molecules leaving the liquid) is equal 
to the rate of condensation (molecules entering the 
liquid). When we add a nonvolatile solute, the 
number of molecules on the surface also decreases, 
thereby reducing evaporation per unit time. In order 
to maintain equilibrium, fewer molecules can enter 
the liquid, and this only happens when the 
concentration of the gas, i.e., its vapor pressure, will 
fall. 

In contrast to the two books above, Hill & 
Petrucci (2002) argues that there are various kinds 
of "molecular" explanations regarding Raoult's Law. 
However, what is presented, which is more 
satisfying, is a thermodynamic explanation. Since 
the mole fraction of the solvent in the solution is <1, 
the vapor pressure in an ideal solution is lower than 
in its pure state. The solution has lower entropy 
than the pure solvent. Since the forces between 
molecules in an ideal solution are the same, the ΔH 
of evaporation is the same, both from the pure 
solvent and from the solution. The entropy of 
evaporation must also be the same because ΔS = ΔH/T. However, since the entropy of the ideal 
solution is higher than that of the pure solvent, the 
vapor from the solution must have higher entropy 
than the entropy of the pure solvent vapor. The 

vapor entropy will increase if the molecules are able 
to move more freely, that is, at a lower pressure. A 
number of solutes being dissolved in the solution 
will lower the vapor pressure of the solvent. 

In physical chemistry books such as those 
written by Levine (1995), the approach is to derive 
the equation of the chemical potential of a pure 
solvent and compare it with the chemical potential 
of the solvent in the solution. The presence of solute 
decreases the mole fraction of the solvent; as a result, 
the chemical potential of the solvent in the solution 
also decreases. These changes result in changes in 
vapor pressure, boiling point, freezing point and 
cause the osmosis phenomenon. 

Stating that thermodynamic degradation 
provides the basis for the remarkable observation 
that colligative properties are not affected by the 
type of dissolved particles, whether small molecules 
or large molecules such as polymers, or ionic species 
such as Na+ and Cl-. Only the number of these 
particles, in a certain amount of solvent, has an 
effect on the colligative properties of the solution. 
The direct explanation continues in the direction of 
deriving the equation for each of the colligative 
properties through the chemical potential of the 
solvent due to the addition of the solute. So these 
books do not explicitly provide an explanation at the 
sub-microscopic level (Wiji & Mulyani, 2018). 

Based on the descriptions of these textbooks, 
there is no single book that suggests that the reason 
for the difference in solution vapor pressure is the 
result of the interaction between the solute-solvent 
particles or because the solute particles prevent the 
solvent from evaporating. So, most of the reasons 
that were put forward by students were not in line 
with what was described in the textbook. 

The results of student understanding at each 
level of chemical representation for each item 
indicator are stated in Tables 3 and 4. 

Table 3. Level of prospective chemistry teacher's understanding of the colligative properties for 
nonelectrolyte solutions for a macroscopic level of chemical representation  

Chemical 
Representation 

Indicator Item Problem No Percentage (%) 
Percentage 

Average 
(%)

Macroscopic 

 Observing the process of mixing sugar solids and 
NaCl in liquid as the basis for determining the 
formation of a solution

1(a) 82 

67 

 Observing two different colored Cu(OH)2 
solutions as the basis for the difference in solution 
concentration 

2(a) 82 

 Observing the heating process of water as a basis 
for explaining the concept of the boiling point

4(a) 77 

 Observing the process of freezing water as the basis 
for the freezing point

5(a) 50 

 Explain the function of salt in making ice cream 5(c) 68 
 Observing the conditions of cucumbers that were 

left in water and those that were left in a salt 
solution 

6(a) 41 
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Table 4. Level of prospective chemistry teacher's understanding of the colligative properties for 
nonelectrolyte solutions for a sub-microscopic and symbolic level of chemical representation 

Chemical 
Representation 

Indicator Item Problem No Percentage (%) 
Percentage 

Average 
(%)

Sub-microscopic 

 Describe the differences in the end results of 
mixing two types of solids in water 1(b) 36 

31 

 Describe the process of forming ionic solutions 
through an overview of the process of dissolving 
NaCl in water

2(b) 45 

 Describe the difference in solution 
concentration based on the amount of solvent 
and dissolved in two solutions

1(c) 86 

 Explain the definition of solution vapor 
pressure 

3(a) 14 

 Estimating the difference in vapor pressure 
between pure solvent and solution

3(b) 18 

 Describe the process of boiling water through 
graphs and molecular structures of liquids at 
boiling 

4(b) 5 

 Describe the difference between the boiling 
points of a pure solvent and a solution through 
graphs and the molecular structure of boiling 
liquids 

4(c) 14 

 Describe the process of water freezing through 
graphs and molecular structures of liquids when 
frozen 

5(b) 23 

 Describe the difference between the freezing 
points of a pure solvent and a solution through 
graphs and the molecular structure of liquids 
when frozen

5(d) 32 

 Describe the process of osmosis through an 
image of the osmosis process

6(b) 41 

Symbolic 

 Calculate the concentration of the solution in 
molarity and molality

2(c) 82 

72 

 Calculating Solution Vapor Pressure 3(c) 82 
 Calculate the increase in the boiling point of the 

solution and the boiling point of the solution 
after a number of solutes have been added

4 (d) 77 

 Calculate the decrease in the freezing point of a 
solution and the freezing point of a solution 
after a number of solutes are added

5(e) 32 

 Calculating the osmotic pressure of the solution 6(c) 86 

Model mental of prospective chemistry teacher in 
colligative properties for nonelectrolyte solutions 

The results of students' answers to the non-
electrolyte solution colligative properties diagnostic 
test questions given were further analyzed to see 
their mental model profile. The grouping that has 
been carried out on the students 'answers is to see 
students' understanding in terms of macroscopic, 
submicroscopic, and symbolic levels and is also used 
to describe the categories of student mental models, 
whether they include scientific model (SM), 
phenomenon model (PM), character-symbol model 
(CSM), or the inference model (IM) (Lin & Chiu 
2007). 

In accordance with the descriptions and 
indicators of mental model categories, according to 
Lin & Chiu (2007), the researchers have drawn a 

relationship between mental model categories based 
on their suitability with descriptions of each level of 
chemical representation. 

In general, the category level of students' 
mental models for the macroscopic, sub-
microscopic, and symbolic levels on the 
nonelectrolyte colligative properties topics which is 
arranged per learning indicator, can be seen in 
Figure 4. 

The mental model category in all learning 
indicators shows that the character-symbol model 
(CSM) category is owned by almost all students. 
After that, followed by the mental model of the 
phenomenon model (PM), which on average 
students have almost more than half of it. A small 
proportion of students have a mental model of the 
inference model (IM) and scientific model (SM). 
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Figure 4. levels of pre-service chemistry teachers’ mental model for colligative properties of 
nonelectolyte solutions in every learning indicator for each level of chemical representation 

This condition is in accordance with the results 
obtained for each learning indicator with the 
findings and analysis of students' understanding at 
each level of chemical representation. Almost all 

students have a good understanding in terms of 
macroscopic and symbolic levels, according to their 
mental model categories, that is, phenomenon 
model (PM) and character-symbol model (CSM).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As for those who have the scientific model 
(SM) category, there are only a few students who 
explain the phenomena that occur by describing, 
interpreting, and predicting based on facts, laws, 
principles, or according to certain scientific 
principles. There are also those who provide 
explanations or generalizations of several separate 
scientific concepts, but form incorrect conclusions, 
thus making them into the inference model (IM) 
category. 

Relationship of chemistry representations with 
mental model categories of prospective chemistry 
teacher  in chemistry equilibrium 

As has been known before, that chemical 
representation consists of macroscopic, sub-
microscopic, and symbolic levels where each level 
has its own unique characteristics. This is in 
accordance with the mental model category by Lin 
& Chiu (2007) which has a description and 
indicators typical for each category. By comparing 

the characteristics of chemical representations and 
the categories of mental models they have, the 
researcher connects the two, as shown in Table 5. 

In summary, the relationship shows that 
although the scientific model (SM) mental model 
category includes all three levels of chemical 
representation, this category is a correct alternative 
answer for sub-microscopic level items. This is 
because the explanation of the sub-microscopic level 
also requires an understanding of the macroscopic 
and symbolic levels. At the same time, the mental 
model category that is suitable for questions that 
measure understanding at the macroscopic level is 
the phenomenon model (PM). Meanwhile, for 
questions that measure understanding at the 
symbolic level, the appropriate category of mental 
models is the character-symbol model (CSM). The 
mental model category inference model (IM) is an 
alternative answer to each item at the macroscopic, 
sub-microscopic, and symbolic levels that form 
incorrect conclusions. 

 
Table 5. 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 wrong conclusion)
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The variety of mental model students have in 
each question that measures understanding at each 
level of chemical representation is obtained from the 
results of this study. The following is Tables 6, 7, 
and 8 which show the various categories of mental 
models that students have on each item indicator. 

Based on that, it can be concluded that the 
mental model categories of pre-service chemistry 
teachers for questions that see understanding at the 
macroscopic level are the scientific model (SM), the 
phenomenon model (PM), and the inference model 
(IM). Of the three mental model categories that 
these students have, it showed that the category of 
PM mental models is more, followed by the SM 
category and finally the IM category. Meanwhile, 
there are categories of IM and SM mental models 
because the students' mental models adjust to the 
knowledge they already know before and the 
conditions when answering the questions. This 
proves again the statement that mental models are 

dynamic structures that are formed when answering 
questions or solving problems or when dealing with 
certain situations. 

Meanwhile, the categories of mental models 
that students have for questions that see 
understanding at the symbolic level are the 
character-symbol model (CSM) and inference 
model (IM). The CSM mental model category 
dominates more than IM. This is in accordance with 
the characters in the symbolic level problem with 
indicators from the CSM mental model category 
itself. 

Thus, the relationship between chemical 
representations at the macroscopic, sub-
microscopic, and symbolic levels with the mental 
model category of prospective chemistry teachers in 
the topic of chemical equilibrium can be 
summarized in graphical form in Figure 5. 

 

 
 

Table 6. Pre-service chemistry teacher's mental model category on macrocscopic question  
Chemical Representation Indicator Item Problem No Model Mental 

Percentage
(%) 

Macroscopic 

 Observing the process of mixing sugar solids and NaCl 
in liquid as the basis for determining the formation of 
a solution 

1(a) 

Scientific Model  18 
Phenomenon Model  82 
Character-Symbolic Model  0 
Inference Model 0 

 Observing two different colored Cu(OH)2 solutions as 
the basis for the difference in solution concentratio 

2(a) 

Scientific Model  9 
Phenomenon Model  82 
Character-Symbolic Model  0 
Inference Model 9 

 Observing the heating process of water as a basis for 
explaining the concept of the boiling point 

4(a) 

Scientific Model  23 
Phenomenon Model  77 
Character-Symbolic Model  0 
Inference Model 0 

 Observing the process of freezing water as the basis for 
the freezing point 

5(a) 

Scientific Model  45 
Phenomenon Model  50 
Character-Symbolic Model  0 
Inference Model 5 

 Explain the function of salt in making ice cream 5(c) 

Scientific Model  9 
Phenomenon Model  68 
Character-Symbolic Model  0 
Inference Model 23 

 Observing the conditions of cucumbers that were left 
in water and those that were left in a salt solution 

6(a) 

Scientific Model  59 
Phenomenon Model  41 
Character-Symbolic Model  0 
Inference Model 0 
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Figure 5. Levels of pre-service chemistry teachers’ mental model for colligative properties of 
nonelectolyte solutions in every learning indicator for each level of chemical representation 

 
 

Table 7. Pre-service chemistry teacher's mental model category on a symbolic question 
Chemical 

Representation 
Indicator Item Problem No Model Mental 

Percentage 
(%) 

Symbolic 

 Calculate the concentration of the solution in molarity and 
molality 

2(c) 

Scientific Model  0 
Phenomenon Model  0 
Character-Symbolic Model  82 
Inference Model 18 

 Calculate the increase in the boiling point of the solution 
and the boiling point of the solution after a number of 
solutes have been added 

3(c) 

Scientific Model  0 
Phenomenon Model  0 
Character-Symbolic Model  82 
Inference Model 18 

 Calculating Solution Vapor Pressure 4(d) 

Scientific Model  0 
Phenomenon Model  0 
Character-Symbolic Model  77 
Inference Model 23 

 Calculate the decrease in the freezing point of a solution and 
the freezing point of a solution after a number of solutes are 
added 

5(e) 

Scientific Model  0 
Phenomenon Model  0 
Character-Symbolic Model  82 
Inference Model 18 

 Calculating the osmotic pressure of the solution 6(c) 

Scientific Model  0 
Phenomenon Model  0 
Character-Symbolic Model  86 
Inference Model 14 
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Table 8. Pre-service chemistry teacher's mental model category on a sub-microscopic question 
Chemical 

Representation Indicator Item Problem No Model Mental 
Percentage 

(%) 

Sub-microscopic 

 Describe the differences in the end results of mixing two 
types of solids in water 

1(b) 

Scientific Model  36 
Phenomenon Model  0 
Character-Symbolic Model  0 
Inference Model 64 

 Describe the process of forming ionic solutions through an 
overview of the process of dissolving NaCl in water 

1(c) 

Scientific Model  41 
Phenomenon Model  14 
Character-Symbolic Model  0 
Inference Model 45 

 Describe the difference in solution concentration based on 
the amount of solvent and dissolved in two solutions 

2(b) 

Scientific Model  86 
Phenomenon Model  0 
Character-Symbolic Model  0 
Inference Model 14 

 Explain the definition of solution vapor pressure 3(a) 

Scientific Model  0 
Phenomenon Model  55 
Character-Symbolic Model  0 
Inference Model 45 

 Estimating the difference in vapor pressure between pure 
solvent and solution 

3(b) 

Scientific Model  0 
Phenomenon Model  27 
Character-Symbolic Model  0 
Inference Model 73 

 Describe the process of boiling water through graphs and 
molecular structures of liquids at boiling 

4(b) 

Scientific Model  0 
Phenomenon Model  55 
Character-Symbolic Model  0 
Inference Model 45 

 Describe the difference between the boiling points of a pure 
solvent and a solution through graphs and the molecular 
structure of boiling liquids 

4(c) 

Scientific Model  5 
Phenomenon Model  55 
Character-Symbolic Model  0 
Inference Model 41 

 Describe the process of water freezing through graphs and 
molecular structures of liquids when frozen 

5(b) 

Scientific Model  9 
Phenomenon Model  27 
Character-Symbolic Model  0 
Inference Model 64 

 Describe the difference between the freezing points of a pure 
solvent and a solution through graphs and the molecular 
structure of liquids when frozen 

5(d) 

Scientific Model  23 
Phenomenon Model  32 
Character-Symbolic Model  0 
Inference Model 45 

 Describe the process of osmosis through an image of the 
osmosis process 

6(b) 

Scientific Model  41 
Phenomenon Model  14 
Character-Symbolic Model  0 
Inference Model 45 

Conclusions 
The mental model profiles of chemistry teacher 

candidate students on the sub-material of the 
colligative properties of nonelectrolyte solutions 
showed varying results. Students' understanding at 
the sub-microscopic level for the sub-material 
colligative properties of this non-electrolyte solution 
was the lowest when compared to representations at 
other levels. The mental model categories of 
students also vary from the scientific model (SM), 
the phenomenon model (PM), the character-
symbol model (CSM), and the inference model 

(IM). Meanwhile, the relationship between the 
chemical representation and the category of 
students' mental models in the sub-material of the 
colligative properties of non-electrolyte solutions is 
almost in accordance with the previous analysis, 
which is based on the comparison between the 
characteristics of the chemical representation and 
the categories of mental models it has. 
Acknowledgments 

The authors would like to thank the Pelita 
Harapan University (UPH) for their support in 



Kelly Sinaga et al. 
 

151 

making this project possible. This work was 
supported by the Research University Grant (P-
025-FIP/VI/2018) initiated by UPH. 

References 
Aini, F. Q., Fitriza, Z., Gazali F., Mawardi., & 

Priscylio, G. (2019). Perkembangan model 
mental mahasiswa pada penggunaan bahan 
ajar kesetimbangan kimia berbasis inkuiri 
terbimbing. Jurnal Eksakta Pendidikan (JEP), 
3(1), 40-46. 

Akaygun, S. (2016). Is the oxygen atom static or 
dynamic? the effect of generating animations 
on students’ mental models of atomic 
structure. Chemistry Education Research and 
Practice, 17(4), 788–807.  

Albaiti., Liliasari., & Sumarna, O. (2016). The 
study of mental model on n-hexane-methanol 
binary system (the validation of physical 
chemistry practicum procedure). Jurnal 
Pendidikan IPA Indonesia (JPI), 5(1), 6–13.  

Andriani, D., Rudibyani, R. B., & Sofya, E. (2017). 
Pembelajaran discovery learning untuk 
meningkatkan kemampuan metakognisi dan 
penguasaan konsep siswa. Jurnal Pendidikan 
Dan Pembelajaran Kimia (JPPK), 6(2), 308–
320. 

Arikunto, S. (2009). Dasar evaluasi pendidikan. 
Jakarta: Bumi Aksara. 

Bongers, A., Northoff, G., & Flynn, A. B. (2019). 
Working with mental models to learn and 
visualize a new reaction mechanism. Chemistry 
Education Research and Practice, 20(3), 554–
569. 

Bunce, D. M., Gabel, D. L., & Samuel, J. V. 
(1991). Enhancing chemistry problem‐
solving achievement using problem 
categorization. Journal of Research in Science 
Teaching, 28(6), 505–521.  

Chittleborough, G. D. (2004). The role of teaching 
models and chemical representation in 
developing studdents’ mental models of chemical 
phenomena. Unpublished Dissertation. Perth: 
Curtin University of Technology. 

Coll, R. K. (2008). Chemistry learners’ preferred 
mental models for chemical bonding. Journal 
of Turkish Science Education, 5(1), 22–47. 

Darmiyanti, Waskitarini, Rahmawati, Y., 
Kurniadewi, F., & Ridwan, A. (2017). 
Analisis model mental siswa dalam penerapan 
model pembelajaran learning cycle 8E pada 
materi hidrolisis garam. Jurnal Riset 
Pendidikan Kimia (JRPK), 7(1), 38–51.  

Devetak, I., Urbančič, M., Grm, K. S. W., Krnel, 
D., & Glažar, S. A. (2004). Submicroscopic 
representations as a tool for evaluating 
students’ chemical conceptions. Acta Chimica 
Slovenica, 51(4), 799–814. 

Didiş, N., EryIlmaz, A., & Erkoç, Ş. (2014). 
Investigating students’ mental models about 

the quantization of light, energy, and angular 
momentum. Physical Review Special Topics - 
Physics Education Research, 10(2), 1–28.  

Eky, V. E. C. I., Tika, N., & Muderawan, I. W. 
(2018). Analisis model mental siswa dalam 
penggunaan unit kegiatan belajar mandiri 
tentang hidrokarbon. Jurnal Pendidikan 
Kimia Undiksha, 2(1), 15-21.  

Gentner, D. (2002). Mental models, psychology of. 
in Smelser N. J. & Bates P. B. (Ed.). in 
International encyclopedia of the social and 
behavioral sciences (pp. 9683–9687) 
Amsterdam, Netherlands: Elsevier Science. 

Gilbert, J. K. (2004). Models and modelling: 
Routes to more authentic science education. 
International Journal of Science Education. 2, 
115–130  

Handayanti, Y., Setiabudi, A., & Nahadi. (2015). 
Analisis profil model mental siswa SMA pada 
materi laju reaksi. Jurnal Penelitian dan 
Pembelajaran IPA (JPPI), 1(1), 107–122. 

Hill, J. W., & Petrucci, R. H. (2002). General 
chemistry: an integrated approach, 3rd edition. 
New Jersey: Prentice Hall, Inc. 

Jansoon, N., Cooll, R. K., & Somsook, E. (2009). 
Understanding mental models of dilution in 
thai students. international journal of 
environmental & science education. 
International Journal of Environmental and 
Science Education, 4(2), 147–168. 

Johnstone, A. H. (2009). Multiple representations 
in chemical education. International Journal of 
Science Education, 31(16), 2271–2273. 

Körhasan, N. D., & Wang, L. (2016). Students’ 
mental models of atomic spectra. Chemistry 
Education Research and Practice, 17(4), 743–
755. 

Levine, I. N. (1995) Physical chemistry. 4th edition, 
New York: McGraw-Hill, Inc. 

Lin, J. W., & Chiu, M. H. (2007). Exploring the 
characteristics and diverse sources of students’ 
mental models of acids and bases. 
International Journal of Science Education, 
29(6), 771–803.  

Lin, J. W., & Chiu, M. H. (2010). The mismatch 
between students’ mental models of 
acids/bases and their sources and their 
teacher’s anticipations thereof. International 
Journal of Science Education, 32(12), 1617–
1646.  

McClary, L., & Talanquer, V. (2011). College 
chemistry students’ mental models of acids 
and acid strength. Journal of Research in Science 
Teaching, 48(4), 396–413.  

Rahmi, C., Wiji., & Mulyani, S. (2020). Model 
mental miskonsepsi pada konsep 
kesetimbangan kelarutan. Lantanida Journal 
8(1), 64-72. 

Ridwan, A., Rachmawati, Y., Wilandari, D. N., 



Volume, 10, No. 3, 2021, 139-152 Jurnal Akademika Kimia
 

 152 

Andina, R. E., Alamsyah, M., & Istianah. 
(2017). Mental model dan miskonsepsi siswa 
dalam pembelajaran kimia. Jakarta: LPPM 
Universitas Negeri Jakarta. 

Schwedler, S., & Kaldewey, M. (2020). Linking the 
submicroscopic and symbolic level in physical 
chemistry: how voluntary simulation-based 
learning activities foster first-year university 
students’ conceptual understanding. 
Chemistry Education Research and Practice, 
21(4), 1132–1147.  

Seel, N. M. (2006). Mental models in learning 
situations. Advances in Psychology 138, 85–
107.  

Silberberg, M. M. (2007). Principles of general 
chemistry. Pennsylvania: McGraw-Hill Higher 
Education. 

Sukmadinata, N. S. (2007). Metode penelitian 
pendidikan. Bandung: Remaja Rosda Karya. 

Supriadi., Ibnu S., & Yahmin. (2018). Analisis 
model mental mahasiswa pendidikan kimia 
dalam memahami berbagai jenis reaksi kimia. 
Jurnal Pijar MIPA, 13(1), 1-5. 

Taber, K. S. (2013). Revisiting the chemistry triplet: 

drawing upon the nature of chemical 
knowledge and the psychology of learning to 
inform chemistry education. Chemistry 
Education Research and Practice, 14(2), 156–
168. 

Wiji, W., & Mulyani, S. (2018). Student’s mental 
model, misconceptions, troublesome 
knowledge, and threshold concept on 
thermochemistry with DToM-POE. Journal 
of Physics: Conference Series, 1013, 1-5.  

Wright, L. C., & Oliver-Hoyo, M. T. (2020). 
Student assumptions and mental models 
encountered in ir spectroscopy instruction. 
Chemistry Education Research and Practice, 
21(1), 426–437.  

Yoni, A. A. S., Suja, I. W., & Karyasa, I. W. (2019). 
Profil model mental siswa sma kelas X tentang 
konsep-konsep dasar kimia pada kurikulum 
sains SMP. Jurnal Pendidikan Kimia 
Indonesia, 2(2), 64-69. 

Zarkadis, N., Papageorgiou, G., & Stamovlasis, D. 
(2017). Studying the consistency between and 
within the student mental models for atomic 
structure. Chemistry Education Research and 
Practice, 18(4), 893–902. 

 
 


