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Reaction rate is still considered difficult by students because it contains abstract concepts and
mathematical equations, so students' mental models are not complete. To connect the three levels
of representation in the process of addressing chemical problems, learning has to employ mental
models as a whole. Therefore, this study aims to obtain students' mental models regarding the
influence of reactants properties on reaction rates. This research uses a qualitative descriptive
method with the Mental Model Diagnostic Test-Interview About Event (MMDT-IAE) instrument.
Based on the research results, there are two types of mental models, namely Partial
Understanding (PU) and Partial Understanding with Certain Misconceptions (PU/SM). The effect
of surface area on reaction rate, students 1, 2, 3, 4, 6, and 7 answered correctly but could not
connect the three levels of representation, while student 5 could not explain the relationship

between effective collisions and reaction rate. The influence of structure on reaction rates,
students 1, 2, 3, 4, and 7 can answer structure, reactivity and collision theory, while student 5
cannot explain collision theory. Students 1, 4, and 7 can answer all the probing questions but
cannot connect the three levels to the influence of ionization energy on the reaction rate. The
conclusion of this research is that students' mental models regarding the influence of reactant
properties are mnot complete and there are students who experience misconceptions. The
implications of this research are as a basis for teachers to design appropriate learning strategies.
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Introduction

Chemistry learning integrates the macroscopic, symbolic and sub-microscopic to facilitate students' complete
understanding (Berg et al. 2019; Schwedler and Kaldewey, 2020). Researchers in science education stress that
while the shift from macroscopic to sub-microscopic and symbolic is important for understanding chemistry, it
can be challenging for students at different stages from high school to college (Derman and Ebenezer, 2018).
Learning strategies based on various representations are being developed to support students in using symbolic,
macroscopic, and submicroscopic levels (Allred and Bretz, 2019; Pavlin et al. 2019).

In reality, teachers often assume that students can connect the sub-microscopic and symbolic levels
independently, so they only explain it at the macroscopic and symbolic levels. As a result, chemistry is
considered by students to be a difficult subject (Santos and Arroio 2016; Ewais and Troyer, 2019; Harahap and
Novita, 2021). One of the chemistry concepts that students consider difficult is reaction rate because it includes
abstract concepts and mathematical equations. When students can build a complete understanding of a concept,
then students can explain phenomena using the concepts they understand as mental models. The
representations of ideas in the mind that people use to define, clarify, and predict phenomena called mental
model (Jansoon et al. 2009). Mental models are formed based on an individual's previous experience and
knowledge as well as observations during current learning.

Mental models need to be understood by teachers. Mental models can be used to design appropriate learning
strategies (Fratiwi et al. 2020; Redhana et al. 2020). Mental models are an important part of students'
conceptual framework in learning chemical concepts at the molecular level (Supasorn, 2015). Learning must use
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mental models as a whole to be able to connect the three levels of representation in solving chemical problems.
One way that can be used to explore students' mental models is with the Mental Model Diagnostic Test-
Interview About Events (MMDT-IAE). MMDT-IAE is a diagnostic technique to investigate students'
understanding of certain concepts when faced with problems or phenomena (Wang, 2007). This interview
technique can ask students directly to explain in more detail if there are unclear answers so that it can provide
integrity to the student's concept.

MMDT-IAE was successfully used in the study of Jansoon et al. (2009) about the concept of solution and
dilution in Thai students. The research results show that through this test more students are able to represent
their understanding of solutions and dilutions at various levels of representation. One of the concepts of
reaction rate is the influence of the reactants properties on reaction rate. Based on the research results of
Handayanti et al. (2015), it shows that students' comprehension of this reaction rate at the submicroscopic level
is the least when compared to other levels.

When students learn this concept, students often experience misconceptions. Misconceptions are concepts
that contradict scientifically accepted theories (Gurel et al. 2015). Students who experience the misconception
that the reaction rate increases with decreasing surface area (Titari and Nasrudin, 2017; Fahmi and
Irhasyuarna 2017; Lestari et al. 2021) and the concentration of reactants increases, the reaction takes longer
because more particles collide (Siswaningsih et al. 2014; Cam et al. 2015). The teacher must identify the
introduction knowledge related to certain subjects to eliminate misconceptions (Uce and Ceyhan, 2019).
Therefore, the research question is what is the profile of students' mental models regarding the concept of
reactant properties (structure, surface area, and ionization energy) on reaction rates?

Method

The research method used is a qualitative method. Qualitative research examines the quality of situations,
activities, relationships, or materials. Qualitative research describes in detail everything that happens in a
particular activity or situation. This research was conducted at a high school in Bandung. The population in
this study were students who had studied the concept of the influence of reactant states on reaction rates. In
this case the sample was seven students, who were selected based on the chemistry teacher's recommendations
from the results of tests and daily assessments. The interview instrument used was the mental model
diagnostic test-interview about events (MMDT-IAE). The data analysis procedure carried out is transcription,
interpretation, and mental model pattern. The results of student interviews in the form of recordings and
writing regarding student answers to questions given during the interview process are transcribed into written
form. Next, each student's answer is interpreted. The results of the interpretation are used as a reference in
describing the students' mental models on the influence of reactant properties on reaction rates. The type of
mental model shows the level of students' understanding of objects, ideas, or chemical processes. The type of
mental model used is adopted from Abraham et al. (1994) in Table 1.

Table 1. Type mental model

Type Criteria

No Understanding (NU) Blank, unclear response, or repeats questions.
Spesific Misconception (SM) Scientifically incorrect respones

Partial Understanding with Spesific Misconception (PU-SM)  Understaning of the concept, but misconception
Partial Understanding (PU) Answers containing several scientifically accepted concepts
Sound Understanding (SU) All answers are scientifically correct

Results and Discussion

To explore students' mental models about the influence of reactant properties on reaction rates, three main
questions with different phenomena were used. Data was obtained through interviews with each student in
turn at different times. An example of an interview transcription of student 1 is in Fig.-1.

The results of the transcription and interpretation of students' answers are then used as an answer pattern
that shows the mental model profile. The mental model students 1 of the influence of reactant properties on
reaction rate is shown in Fig.-2. Student 1 on the influence of structure on the reaction rate can answer
questions with probing questions. However, in the question of writing the structure of red phosphorus and
white phosphorus, student 1 answered incorrectly about the geometry of the red phosphorus molecule and could
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not explain the structure of red phosphorus which is a polymer. Student 1 has a partially correct mental model
regarding the concept of the influence of structure on reaction rate. Regarding the influence of surface area on
reaction rate, student 1 was generally able to answer general research questions and specific research questions
but was not able to connect them completely. Regarding the influence of ionization energy on reaction rates,
student 1 is generally able to answer general and specific probing questions but is not yet able to make the

connection.

Interviewer Based on this phenomenon, explain why white phosphorus
burns faster than red phosphorus.

Student Surface area affects the rate of reaction. The larger the surface
area, the faster the reaction rate.

Interviewer Yes, and then?

Student Because red phosphorus has color so it is heavier to burn than
white phosphorus.

Interviewer Compare the structure of red phosphorus and white
phosphorus!

Student White phosphorus is granular, while red phosphorus is powder.

Fig.-1. Example of interview transcript

The results of the interview obtained two types of students' mental models, namely partial understanding
(PU) and Partial Understanding with Specific Misconceptions (PU-SM) as in Table 2. There are two out of seven
students who experience misconceptions. Student 5 answered that the effective collision frequency does not
have much effect on the reaction rate. This answer was repeated in the next general concept question, even
though a probing question was given. Misconceptions experienced by students can prevent students from
understanding further concepts. According Stojanovska et al. (2017) that misconceptions are strong
understandings, are resistant, difficult to change, and will hinder further learning.
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Fig.-2. Student 1's mental model of the influence of reactant properties on reaction rates

Mental models are important elements that individuals build in their minds. Mental modeling theory has

many possible applications. Mental models have been researched by a variety of scientific disciplines, and the
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way researchers approach the topic varies. For example, in chemistry researchers identified mental models on
the concepts of acid-base solutions (Lin and Chiu, 2007), atomic structure (Sunyono, 2018), chemical equilibrium
(Ulinnaja and Muntholib, 2019), electrolyte and non-electrolyte solutions (Suja et al. 2021), galvanic cells
(Supasorn, 2015), and reaction mechanism (Bongers et al. 2020).

Table 2. Level of student understanding

Sub-Concept NU SM PU-SM PU su
Influence of surface area on reaction rate 0 0 1 6 0
Influence of structure on reaction rate 0 0 1 6 0
Influence of ionization energy on reaction rate 0 0 2 5 0

Each student's mental model is different because mental models are individual (Coll and Treagust, 2003).
Mental models are influenced by several factors, including different prior knowledge, visual depictions of
chemical material, mastery of chemical representations, learning models at school, teachers, learning resources,
and the social environment (Atikah et al. 2023). Based on the mental model profile seen from each student's
answer pattern, all students answered partially correctly on the concept of the influence of structure on reaction
rate. In the question of writing the structure of red phosphorus and white phosphorus, all students could not
write the structure of red phosphorus. This is in accordance with one of the mental model factors, namely
students' prior knowledge. Based on the results of interviews, students have not received learning about the
structure of phosphorus. However, they should be able to explore and relate the concept of phosphorus structure
to the molecular geometry that has been studied in grade 1 of high school.

All students are generally able to answer questions through probing questions with different presentations
on the influence of surface area on reaction rate. Students 1, 2, 3, 4, 7 can answer questions of structural
volume, reactivity and explain reaction rates based on collision theory. Even though they can answer specific
probing questions, students 1, 2, 3, 4, 7 cannot connect the answers to each other to form a complete
understanding. Student 3 answered that the smaller ionization energy and small number of ions cause
potassium to be more reactive than sodium. Student 5 answered that the ionization energy of K is lower than
that of Na, causing it to be more difficult for K to remove electrons and fewer electrons are produced. Based on
this, students have difficulty understanding the submicroscopic level. According Chittleborough (2004) which
revealed that the submicroscopic level is more difficult than the macroscopic and symbolic level. In addition,
student 6 considers that the ionization energy of K is greater than that of Na. This contradicts the statement of
Brady et al. (2012) stated that in general within a group, ionization energy increases from bottom to top. Na is
in period 3 and K is in period 4, so the ionization energy of K is lower than Na.

Conclusion

It was concluded that the mental models of all students in this study were incomplete. Every learner has a
unique mental model. However, based on how each student answers a given question, we can categorize their
mental models. The research results show that in the concept of the influence of reactant properties on reaction
rates, there are two types of mental models, namely PU and PU/SM. Students 1, 2, 3, 4, and 7 have mental
models with PU types on the influence of structure, surface area, and ionization energy on reaction rates.
Student 6 with PU type has the influence of structure and surface area on the reaction rate, while the influence
of ionization energy on the reaction rate is on PU/SM. Student 5's mental model on the influence of structure,
surface area and ionization energy on the reaction rate is PU/SM.
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