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Abstract. This research was carried out to reveal prospective chemistry teachers’ 

understanding in rate of reaction concept. A survey with a quantitative approach study was 

conducted toward 61 of prospective chemistry teachers who were taking a basic chemistry 

course. Data were obtained using a true and false test which containing 30 questions related to 

the rate of reaction topic. They were categorized into five concepts covering rate of reaction 

basic concept, rate of reaction law, collision theory, factors that affect the rate of reaction, and 
reaction mechanism concept are 3, 4, 3, 14, and 6 questions respectively. The results proved 

that most of them had a low understanding in the rate of reaction concept, especially on the 

first concept but in the concept of collision theory they had a relatively high understanding. 

The efforts are needed by them as prospective chemistry teachers to increase their 

understanding of the rate of reaction concept. However, this research did not explore their 

description in explaining about the concept. Therefore, there is a need for further research to 

discuss the mental models of prospective chemistry teachers in the rate of reaction concept 

understanding. 

Keywords: chemistry understanding, prospective chemistry teachers, rate of reaction 

 

1. Introduction 

Chemistry phenomena cannot be accessed only through sensory [1]. Likewise, [2] stated that 

understanding abstract and complex chemistry phenomena cannot be achieved without using various 

chemical representations. Similar research results were also conducted by [3] who stated that learning 
chemistry requires a lot of intellectual thought and affirmation because chemical content was full of 

abstract concepts, so students and even teachers have difficulty in understanding chemical concepts. In 

an effort to overcome chemistry learning difficulties, they sometimes make their own interpretations 
of the concepts being studied. However, it was not uncommon for the results of these interpretations to 

deviate from the concept agreed upon by the experts.That was supported by previous researches about 

understanding the concept of the atom [4], [5], [6] and describing prospective chemistry 
teachers’understanding of phase changes and dissolution at macroscopic, symbolic, and microscopic 

levels [7]. 

The other results of the research by [8] show that students are not interested in learning chemistry 

and tend to use memorization methods without understanding concepts. Furthermore, [9] stressed that 
the concepts students accepted were rote because they did not integrate the three levels of chemical 

representation. Meanwhile in the theory revealed by [10] that chemistry problems can be better solved 

by students if students understand their basic chemical concepts first. 
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 Understanding of three levels of chemical representation is often known as a mental model [11]. 

All three were interrelated and reflected the development of mental models [12]. The development of 

mental models at this time did not seem to be as expected, as in the research of [13] which revealed 
that only 14.1% of participants were able to build a scientific model on liquid vapor pressure material 

under various conditions. Another mental model research was also conducted by [14] which showed 

that 57.89% of students experienced misconceptions so that they were categorized as low mental 
models. 

The development of students’ mental models cannot be separated from the role of their teachers. As 

suggested by [15], teachers have to facilitate the development of students’ mental models, while 

ensuring that students did not develop false mental models, so that students’ understanding of 
chemical concepts can be improved. In addition, it was necessary to develop students’ mental model 

through experiences, interpretations, and explanations to make predictions, tested new ideas, and 

solved problems in chemistry learning [16]. However, unfortunately there had not been a good 
collaboration between teachers and students, as research on mental models conducted by [17] stated 

that there was not a discussion between teachers and students regarding the use of mental models in 

chemical problem-solving. 
The rate of reaction was one of the concepts that is possible to be represented in various levels [18, 

[19]. Units in the rate of reaction that cover many basic chemical concepts, including activation 

energy, collision theory, enthalpy, factors that affect the rate of reaction, and reaction mechanism [20]. 

However, in practice there were still many students who rely on alternative concepts in the rate of 
reaction learning [21]. As research of students’ alternative concepts on the rate of reaction topic which 

conducted by [22] that resulted that some alternative concepts emerged because most of the students 

found it difficult to visualize chemistry phenomena and process at submicroscopic and symbolic of 
each other. The high school and university students had various misconceptions about the rate of 

reaction [23]. Misunderstanding of prospective chemistry teachers about the reaction mechanism and 

this misunderstanding was very likely to be passed on to students and even worse the 

misunderstanding was difficult to change [24]. This research aims to analyze the understanding of 
prospective chemistry teachers regarding the rate of reaction concept. 

 

2. Research methods 

2.1. The Research Design 

As a whole, this research used a survey with a quantitative approach. This was carried out to analyze 

the prospective chemistry teachers’ understanding of the rate of reaction concept using a true and false 
test. The prospective chemistry teachers' understanding was analyzed quantitatively using percentages. 

The subjects of this research were prospective chemistry teachers who were taking a basic chemistry 

course. The selection of research subject was done by purposive techniques sampling because they 

were prepared to be a facilitator in improving chemical concepts understanding in a   learning process. 

2.2. Data Collection 

Data were collected using a true and false test. It was containing 30 questions related to rate of 

reaction topic. They were categorized into five concepts cover basic concept of rate of reaction 
definition (3 questions), rate of reaction law (4 questions), collision theory (3 questions), factors that 

affect the rate of reaction (14 questions), and reaction mechanism concepts (6 questions).The 

instrument consisted of four columns, the first column stated the number of questions, the second 
column contained questions, the third and fourth columns were true and false columns respectively. 

Respondents were asked to put a checkmark (√) in the third column if they assumed that the question 

was true, and likewise when they thought the question was wrong so they gave a checkmark (√) in the 

fourth column. 



The 5th International Seminar on Science Education

Journal of Physics: Conference Series 1440 (2020) 012004

IOP Publishing

doi:10.1088/1742-6596/1440/1/012004

3

 
 
 
 
 
 

2.3. Data Analysis 

The criteria for the test score was the respondents got a score of 1 when their answer was correct and 

got a score of 0 when wrong. The level of prospective chemistry teachers’ understanding of the test 
was grouped into understanding and not understanding. The analysis was presented on each question, 

then each sub-concept and concept was analyzed again so that the analysis was obtained in the 

percentage form.   

3. Results and discussion 

Based on the analysis of prospective chemistry teachers’ understanding in the rate of reaction concept, 

a percentage was obtained for each question, sub-concept, and concept. The 30 questions on the 

research instrument were categorized into five concepts and each concept had sub-concepts which 
were not the same amount. The distribution of concepts, sub-concepts, and each question in it can be 

seen in Table 1. 

Table 1. The distribution of questions in each concept and sub-concept. 

Concept Sub-concept Question’s number 

Rate of reaction basic concept Term 1 

Symbol 2 

Definition 3 

Rate of reaction law Reaction order 4 and 5 

6 and 7 Reaction rate constant 

Collision theory Effective collision 13, 14, and 15 

Factors that affect the rate of reaction Concentration 18 

Temperature 16 and 17 

Surface area 20 

Catalyst 21, 27, 28, and 29 

Activation energy 22, 23, 24, 25, and 26 

Enthalpy 19 

Reaction mechanism Relationship between the 
rate of reduction of 

reactants with the time 

8, 9, and 10 

Relationship between the 

rate of addition of 

products with the time 

11 and 12 

Elementary stage 30 

3.1. Rate of reaction basic concept 

Table 2. Percentage of definition concept understanding. 

Number Question Answer Choices Percentage 
of correct 

answer 
  True False 

1 The term rate of reaction is the same as reaction velocity  √ 32.79% 

2 The rate of reaction symbol is stated in the letter “v” which 
means velocity 

 √ 6.56% 
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3 The time is required to a reaction take place until finished  √ 60.66% 

 

As seen in Table 1 and Table 2,the firstconcept containing of three sub-concepts, the first sub-
concepts consisted one question (number 1) related to the consistent use of the rate of reaction term 

which resulted 32.79% of respondents who answered correctly that the term rate of reaction is not the 

same as the reaction speed. This is in accordance with the theory from [25] which stated that viewed in 
terms of physics, the course of the reaction from reactants into products, it can be said that the reaction 

has value and direction. The second review, seen from the definition “changes in molarity at any given 

time” did not show any direction of the reaction, because this definition showedchanges in molarity 

can be seen from both reactants and products. If viewed from the reactants, the molarity will reduce 
while if viewed from the products, the molarity will increase. Based on these definitions, the more 

appropriate term to use is the rate of reaction. In the second sub-concept also consisted of one question 

(number 2) about the use of appropriate symbols for the rate of reaction is not “v” but “r” which 
means rate [26]. In this sub-concept only 6.56% of respondents managed to answer correctly. This 

showed that they were lacking in mastering the level of symbolic representation. This result was not in 

line with the previous study by [27] which stated that the dominant competency of representation 

owned by students was at the symbolic level rather than the macroscopic level, with a ratio of 8:1. In 
addition, another previous study by [28] also resulted that students more understand symbolic and 

mathematic representations than submicroscopic in the rate of reaction concept. Then, the last sub-

concept on this concept asked about the rate of reaction definition (number3) which most around 
60.66% of respondents answered correctly. They assumed that the rate of reaction does not represent 

the time needed to carry out a reaction to completion. This is true because the rate of reaction is an 

increase in product concentration or a decrease in reactant concentration per unit time [29]. 

3.2. Rate of reaction law concept 

Table 3. Percentage of the rate of reaction law concept understanding. 

Number Question Answer Choices Percentage 

of correct 

answer 
  True False 

4 The reaction order is the same as the reaction coefficient  √ 59.02% 

5 In reactions that have zero order, the reaction of rate is not 

affected by reactant concentration 
√  78.69% 

6 In reactions that have zero-order, the reaction of rate is not 

only affected by the rate constant (k) 

 √ 63.93% 

7 According to the Arrhenius equation, if the temperature 

increases so the rate constant also increases 
√  85.25% 

Based on Table 1 and Table 3, the second concept consisted of two sub-concept, each of which 
contained two questions. The first sub-concept asked whether the reaction order was the same as the 

reaction coefficient (number 4) and the results stated that 59.02% respondents answered both were not 

the same, and this was true that the reaction order cannot be known directly from the reaction 

equation, but must go through experiments [26].The next question (number 5)was in reactions that 
have zero-order, the rate of reaction is not influenced by reactant concentration and 78.69% of 

respondents agree with this, because the change in reactant concentration does not affect the rate, this 

applies to reactions that have zero-order [26].The second sub-concept asked whether, in a reaction that 
has zero-order (number 6), the rate of reaction is not only influenced by the rate constant (k). This is 

not quite right because the rate law consisted of a constant factor and reactant concentration raised by 

the order of reaction. So if the reaction order is zero, then what affects the reaction rate is only the rate 

constant. As many as 63.93% of respondents managed to answer this correctly. The next question was 
related to the Arrhenius equation, as the temperature increases the rate constants increase (number 7). 
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This is truebecause based on thatequation, the reaction rate is directly proportional to temperature [26]. 

The question was answered correctly by 85.25% of respondents. 

3.3. Collision theory concept 

Table 4. Percentage of collision theory concept understanding. 

Number Question Answer Choices Percentage 

of correct 

answer 
  True False 

13 Effective collisions occur when the amount of kinetic energy is 

equal to or greater than the activation energy 
√  72.13% 

14 Effective collisions depend on the accuracy of the orientation 
of the collisions between reactant molecules 

√  91.80% 

15 Collisions with the right orientation only occur on similar 

atoms 

 √ 67.21% 

As presented in Table 1 and Table 4, the third concept consisted of only one sub-concept that was 
related to effective collision and there were three questions in it. The first question (number 13) asked 

whether effective collisions will occur if the amount of kinetic energy is equal to or greater than the 

activation energy and 72.13% of respondents answered correctly. The second question (number 14) 
about effective collision dependence on the accuracy of the orientation of collision between reactant 

molecules and91.80% of respondents answered correctly. Both of these were supported by the 

statement of [29] that effective collisions will occur if they have energy kinetic with such conditions. 

In addition, effective collisions also depend on the accuracy of the orientation of the collisions 
between reactant molecules and the orientation does not only occur in similar atoms. This is agreed 

with 67.21% of respondents answered correctly related to the third question (number 15). 

3.4. Factors that affect the rate of reaction concept 

Table 5. Percentage of factors that affect the rate of reaction concept understanding. 

Number Question Answer Choices Percentage 

of correct 

answer 
  True False 

16 The higher the temperature, the greater the rate of reaction 
because effective collisions are faster 

 √ 1.64% 

17 The higher the temperature, the greater the rate of reaction 

because the chances of more effective collisions are due to the 
fast movement of reactant molecules 

√  93.44% 

18 The higher the concentration of reactant molecules, the more 

the number of chances of an effective collision, so that the 

reaction rate is greater 

√  96.72% 

20 A substance that has a large particle size has a large surface 

area 

 √ 29.51% 

21 The catalyst increases the rate of reaction by decreasing the 

activation energy 
 √ 14.75% 

27 The catalyst increases the start of the reaction process √  55.74% 

28 The catalyst reacts but it is produced again at the end of the 

reaction 
√  37.70% 

29 The catalyst reacts to form an intermediate but it is not 

produced again at the end of the reaction 
√  59.02% 

22 Activation energy shows the minimum amount of energy  √ 6.56% 
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released in reaction 

23 The greater the activation energy, the greater the kinetic energy  √ 57.38% 

24 Reactions that have a greater activation energy than the rate of 

reaction is greater 
 √ 73.77% 

25 The amount of activation energy can be changed  √ 39.34% 

26 The increases in temperature affect the reactant activation 

energy 
 √ 40.98% 

19 A reaction that has a greater enthalpy value has a greater rate  √ 68.85% 

As displayed in Table 1 and Table 5, the fourth concept had the most sub-concepts among the other 
concepts, namely as many as six sub-concepts. In the temperature sub-concept, there was an 

imbalance of results which showed that only 1.64% of respondents answered number 16 correctly, 

while others considered the higher the temperature, the greater the rate of reaction because effective 
collisions were faster, whereas what was fast was the movement of reactant molecules instead of 

effective collisions. It related to question number 17, respondents who answered correctly were 

93.44%.On both questions there were oddities in the respondents' answer, this was because they 

thought that the fast effective collision was the same as the fast reactant molecular movement. In the 
concentration sub-concept (number 18), the majority of respondents namely 96.72% answered 

correctly about the concentration factor which was directly proportional to the rate of reaction. In 

addition, it turned out that the respondents did not fully understand the surface area sub-concept in 
question number 20, as many as 29.51% considered that if a substance had a large particle size then 

the surface area wasalso large even though this was the opposite. 

Then, in the next sub-concept related to the catalystlisted in question number 21where only 14.75% 
answered correctly by stating disagreement if the catalyst increased the rate of reaction by lowering 

the activation energy. This was consistent with the theory which revealed by Taber [30] that the 

catalyst increases the rate of reaction by choosing an alternative route to produce a product that has 

lower activation energy than the activation energy it should because the activation energy for the 
reaction is fixed or unchanged.In addition, other questions related to catalysts werestated in numbers 

27, 28, and 29 in which all three states that the catalyst accelerates the start of the reaction process, the 

catalyst reacts but is regenerated at the end of the reaction, and the catalyst reacts to form 
intermediates but these substances are not reproduced at end of reaction. From the three questions, 

respondents who managed to answer correctly were 55.74%, 37.70%, and 59.02% respectively. 

Then, questions 22, 23, 24, 25, and 26 tested the respondents’ understanding regarding activation 
energy. There were 6.56% of respondents who considered activation energy as the minimum amount 

of energy released in a reaction even though the correct concept related to activation energy was the 

minimum amount of energy needed for chemical reactions to occur [29], so the greater the activation 

energy the greater its kinetic energy. This was in accordance with question number 24 where there 
were 73.77% of respondents who agreed concerning this question. Then, as stated by that activation 

energy is inversely proportional to kinetic energy so that the greater the activation energy, the greater 

the kinetic energy, question number 23 was wrong and there were 57.38% of respondents successfully 
answered. Then the statement Taber (2012) refutedquestion number 25 namely the amount of 

activation energy can be changed, and there were only 39.34% of respondents who agreed with the 

denial. The last question number 26 in the activation energy sub-concept was related to the increasing 

temperature affects the reactant activation energy, even though this was not the case. This question 
was answered correctly by 40.98% of respondents. In the last sub-concept in this concept, which was 

about enthalpy successfully answered correctly by 68.85% of respondents, question number 19 stated 

a reaction that had a greater enthalpy value, then the rate of reaction is greater even though the rate of 
reaction cannot be determined if only using the enthalpy data involved in the reaction. In accordance 

with the Arrhenius equation, the rate of reaction to depending on the value of the rate constant (k), it 
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also depends on the activation energy, collision frequency between reactant molecules, and 

temperature [29]. 

3.5. Reaction mechanism concept 

Table 6. Percentage of reaction mechanism concept understanding. 

Number Question Answer Choices Percentage 

of correct 

answer 
  True False 

8 The rate of reactant concentration reduction at the beginning of 
the reaction is zero 

 √ 50.82% 

9 The reactant reduction rate graph is shaped like a normal curve 

that shows the initial and final rates are zero and the middle is 
maximum  

 √ 57.38% 

10 Increasingly, the rate of reaction to reduce the reactants 

increases 

 √ 52.46% 

11 Increasingly, the rate of reaction to form products increases 
until it ends at the maximum point 

 √ 60.66% 

12 Increasingly, the rate of reaction to form products increases but 

at the endpoint, the reaction is in a stable state 
√  59.02% 

30 An overall reaction consists of the one elementary stage  √ 29.51% 

As shown in Table 1 and Table 6, this last concept related to the reaction mechanism that asked the 

relationship between the rate of reactant reduction with time (questions 8, 9, 10) for which each 

respondents answered correctly 50.82%, 57.38%, and 52.46 % respectively. The mechanism reaction 
was described during the reaction process, the reactants were used continuously so that the 

concentration of reactants decreased. At the beginning of the reaction, the reactant concentration was 

in the maximum amount, so many collisions occur. Therefore, the rate of reactant reduction at the 
beginning of the reaction was at its maximum point. Over time, reactants were reduced so that reactant 

concentrations decreased and collisions occur less frequently so the rate of reactant reduction 

decreased [29]. 

Then the next question (numbers 11 and 12) related to the relationship of the rate of product 
additions with the time to which each question, respondents answered correctly were 60.66% and 

59.02% respectively. At the beginning of the reaction, the product concentration was still zero, 

because the product had not formed at the beginning of the reaction. Over time, the number of 
products increased until the addition was stable. When the reactants run out of reaction, the product is 

no longer produced [26]. The last question number 30 confirmed that an overall reaction does not 

always consist of one elementary stage, but only 29.51% of respondents agreed with this question. 

4. Conclusion 

Based on the results and discussion, it can be concluded that in general the prospective chemistry 

teachers’ understanding regarding the rate of reaction concept is not as expected, especially on the rate 

of reaction basic concept. This indicates that there is still a need for further development to explore 
their way of thinking in the rate of reaction concept representing or we often call it a mental model. 

Through the exploration of mental models will provide an alternative view for the chemistry teacher to 

overcome the problems experienced by students when learning the rate of reaction concept. 

References 

[1] Majid, Prahani, Usman, Amir and Sunyono 2018 IOSR J. Res. Meth. in Educ. 8 47-54 

[2] Hilton A and Nichols K 2011 Int. J. Sci. Educ. 33 2215-46 

[3] Sirhan G 2007 J. Turkish Sci. Educ. 4 4-20 



The 5th International Seminar on Science Education

Journal of Physics: Conference Series 1440 (2020) 012004

IOP Publishing

doi:10.1088/1742-6596/1440/1/012004

8

 
 
 
 
 
 

[4] Kiray S A 2016 Int. J. Educ. Math., Sci. Tech. 4 147-62 

[5] Körhasan N D and Wang L 2016 Chem. Educ. Res. Pract. 17 743-55 

http://doi.org/10.1039/c6rp00051g 
[6] Zarkadis N, Papageorgio G and Stamovlasis D 2017 Chem. Educ. Res. Pract. 18 893-902 

[7] Tuysuz M, Ekiz B, Bektas O, Uzuntiryaki E, Tarkin A and Kutucu E S 2011 Proc. Soc. 

 Behavioral Sci. World Conf. on Educ. Sci. (Istanbul)  vol 15 (Amsterdam: Elsevier) p 452-5 
[8] Yakina, Kurniati T and Fadhilah R 2017 Ar-Razi Jur. Ilm. 5 287-97 

[9] Mulyani S, Liliasari and Wiji 2015 Jur. Pend. Mat. Sains 3 123-32 

http://doi.org/10.21831/jpms.v6i2.10944 
[10] Dahsah C and Coll R K 2007 Int. J. Sci. Math. Educ. 6 573-600 http://doi.org/10.1007/s10763-

007-9072-0 

[11] Jansoon N, Coll R K and Somsook E 2009 Int. J. Env. Sci. Educ. 4 147-68 
[12] Grosslight L, Unger C, Jay E and Smith C L 1991 J. Res. Sci. 28 799-822 

http://doi.org/10.1002/tea.3660280907 

[13] Tȕmay H 2014 Chem. Educ. Res. Pract. 15 366-79 http://doi.org/10.1039/c4rp00024b 
[14] Khasanah N, Wartono L and Yuliati 2016 Jur. Pend. IPA Indo. 5 186-91 

[15] NahumT L, Hofstein A, Mamlok-Naaman R and Bar-Dov Z 2004 Chem. Educ. Res. Pract. 5 

 301-25 http://doi.org/10.1039/b4rp90029d 
[16] Bodner G M and Domin D S 2000 Proc. of Univ. Chem. Educ. (West Lafayette) vol 4 (West 

Lafayette: Purdue University) p 24-30 
[17] Justi R and Gilbert J 2002 Sci. Tech. Educ. Lib. 47-68 http://doi.org/10.1007/0-306-47977x_3 

[18] Baruri A, Hardeli and Oktavia B 2013 Eksakta 2 76-85 

[19] Sari, Hardeli and Bayharti 2018 Int. Conf. on Math. Sci. Educ, and Tech. (Padang) vol 335 

(Bristol: IOP Publishing) p 1-11 http://doi.org/10.1088/1757-899x/335/1/012105 
[20] Kolomuç A and Tekin S 2011 Eur. J. Phys. Chem. Educ. 3 84-101 

[21] Dewangga D Y and Sunyono 2017 J. Chem. Educ. 6 pp 275-80 

[22] Çalık M, Kolomuç A and Karagölge, Z 2010 J. Sci. Educ. Tech. 19 422-33  

http://doi.org/10.1007/s10956-010-9208-9 
[23] Cakmakci G, Leach J and Donnelly J 2006 Int. J. Sci. Educ. 28 1795-815  

http://doi.org/10.1080/09500690600823490 
[24] Taştan Ö, Yalçinkaya E and Boz Y 2010 J. Turkish Sci. Educ. 7 47-60 

[25] Bektaşli B and Cakmakci G 2011 Educ. Sci. 36 273-87 

[26] Chang R and Overby J 2011 General Chemistry: The Essential Concepts (6th Ed.) 
(NewYork:  McGraw-Hill Companies) pp 466 

[27] Enero U J and Umesh R 2018 Chem. Educ. Res. Pract. 20 146-59 
http://doi.org/10.1039/c8rp00191j 

[28] Wiyarsi, Sutrisno and Rohaeti 2018 J. Phys.: Conf. Ser. 1097 012054 

[29] Kolomuç A and Çalık M 2012 J. Baltic Sci. Educ. 11 pp 333-46 

[30] Taber K S 2012 Teaching Secondary Chemistry (London: Royal Society of Chemistry) pp  

159-60 

  
Acknowledgements 

The authors would like to thank the Yogyakarta State University for supporting this research process. 

Thanks to the reviewers for the suggestions and feedback. 

http://doi.org/10.1039/c6rp00051g
http://doi.org/10.21831/jpms.v6i2.10944
http://doi.org/10.1007/s10763-007-9072-0
http://doi.org/10.1007/s10763-007-9072-0
http://doi.org/10.1002/tea.3660280907
http://doi.org/10.1039/c4rp00024b
http://doi.org/10.1039/b4rp90029d
http://doi.org/10.1007/0-306-47977x_3
http://doi.org/10.1088/1757-899x/335/1/012105
http://doi.org/10.1007/s10956-010-9208-9
http://doi.org/10.1080/09500690600823490
http://doi.org/10.1039/c8rp00191j

