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Abstract 

Reaction rate is a fundamental chemistry part which forms a basis for comprehension of 

subsequent chemistry areas. A Reaction Rate Concept Test (RRCT) was developed in the form 

of a questionnaire and administered to a group of physical sciences learners, in South Africa, to 

collect data and statistically analyzed. This study was based on conceptual change approach as 

the strategy which will be used in the teaching and learning contexts to minimize or eliminate 

misconceptions (alternative conceptions) held by most learners at high school level. The results 

showed that only few (about 34%) of the learners mastered certain concepts while the majority 

(about 66%) of the learners struggled to deal with the same concepts. This means that most 

learners do not understand the effect of factors affecting the reaction rate. There were serious 

misconceptions from the learners that have a significant impact on their academic performance. 

These misconceptions shown to have a high resistance to change, and the teachers should 

always guard against and be vigilant enough to deal with them as soon as they emerge. 

 

Keywords: Reaction, Concept test, Conceptual change approach, teaching and learning, 

Resistance, Misconceptions 

 

1.1 Introduction 

In the meeting held on 22 January 2020 by physical sciences teachers and Curriculum Advisors 

(CA), the chief examiner’s comments in the diagnostic report for Grade 12 end of year 

examinations in 2019 were discussed and it was found that some learners` responses shown 

some misconceptions in reaction rate and subsequent topics. It was indicated that learners seem 

to have misconceptions rooted from their everyday experiences and interaction with their 

outside world, because most of their answers to the questions represented the alternative 
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concepts. In that meeting, the teachers were warned to avoid giving examples from learners’ 

everyday situations and encouraged to always use correct scientific concepts in their respective 

teaching and learning environments. Lamichhane, Reck and Maltese (2018:1) defined 

misconceptions as "the old, the bad, and the ugly". 

In that meeting, most teachers revealed a few misconceptions prevailing in their learners: 

“That `some learners defined reaction rate as the speed at which reactants convert to products. 

Many learners cannot differentiate clearly between the characteristics of completion reaction 

and reversible reaction because their prior knowledge of reactions that proceed to completion 

seems to have influenced their conception of the equilibrium reactions”. The definition of 

reaction rate is still a challenge to many learners. The key words in the definition such as “per 

unit time” and “change” were often omitted (DBE diagnostic report, 2018:168). The most 

common definitions observed were the rate at which reactants are changed into products (not 

mentioning of the amount, volume, mass and concentration made), and the speed at which 

reactants convert to products. 

From the misconceptions mentioned by the teachers regarding their learners, it is apparent that 

the teaching and learning of chemistry at high school level is more difficult and cumbersome to 

most of the learners. Chemistry education at high school level covers all the fundamental 

concepts that learners should understand. However, some of these misconceptions might be 

emanating from teachers. This is true because in most cases when abstract concepts are being 

taught teachers are sometimes confused by what is happening. 

1.2 Background Of The Study 

Seçken and Seyhan (2014:348) used the Reaction Rate Achievement Test (RRAT) and the 

Anxiety Scale on the Use of Graphs to examine the students’ understanding of chemical 

kinetics. They found that many students’ responses were inconsistent with the scientific 

perspective. The results showed that the learners did not frequently use “particulate” and 

“mathematical” modeling as required by the curriculum. The success of a particular curriculum 

in achieving its desired goals, is necessarily evaluated by looking at some ways in which 

learners are learning and perform. This study provided empirical evidence about learners 

experiencing difficulties in understanding chemical kinetics both at school and university level. 

This poor performance has let the Department of Basic Education in Turkey to design what it 

has called a law-by-law system, in which teachers are assessed by all stakeholders and not only 

the Principal. Educators with the lowest marks were given a chance to be re-trained because it 

was believed that some of the misconceptions learners have come from their educators. 

1.3 Statement Of The Problem 

Learners do not have the opportunity to work in the laboratory because our schools do not have 

the facilities, and as a result the learners conclude that chemistry is a disintegrated discipline, 

irrelevant, and not useful facts. Bidi (2016:6) indicated that it is not easy for teachers to 
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perform experiments. Some misconceptions are seemingly resulting from the learners` attempts 

to understand and interpret their pre-existing environments when they interact with them. The 

school curriculum should take these misconceptions into account in educational practices and 

design appropriate instructional strategies that will correct them and make learners aware of 

scientific-academic concepts (Basheer et al., 2018:3110). The origins of the misconceptions 

cannot be clearly understood because they are based on individual learner` prior knowledge. 

Errors in understanding concept can be regarded as a misconception (Fahmi & Irhasyuarna, 

2017:54). With regard to reaction rate, learners are unable to comprehend the different 

concepts: enthalpy, entropy, chemical change, activation energy, and factors affecting reaction 

rate. Science misconceptions are persistent, resistant to change, and deeply rooted in some 

concepts. 

As a result of these misconceptions learners do not understand the concepts related to reaction 

rate and hence fail (Soeharto et al., 2019:248). This study will be very helpful to the Grade 12 

learners, because it aims at identifying the origins and the types of misconceptions that learners 

have and try to resolve the misconceptions. Bidi (2016:1) has shown that misconceptions are 

resistant and make it difficult for learners to acquire new knowledge once developed in the 

learners’ minds. These misconceptions might have developed as learners themselves build or 

construct their own knowledge (Karsli & Ayas, 2014: 664). The pre-existing knowledge and 

the formal instructions might have incorrectly linked and resulted in misconceptions. 

1.4 Significance of The Study 

This study primarily aims to examine high school learners’ misconceptions and views with 

regard to reaction rate. Data was collected from the learners through a Reaction Rate Concept 

Test (RRCT), which was carefully developed looking at concepts and areas in which learners 

are struggling most (Maison et al., 2019:17). Misconceptions hinder the learning progress of 

the learners and deprive them the opportunities to follow better career choices in sciences. 

There is a belief that these misconceptions can be identified, dealt with properly, and gradually 

replaced with scientific ones (Kolomuç & Tekin, 2015:85). 

This research study will be very helpful and useful to the Grade 12 learners for this year and in 

the future teachings; because it aims at identifying the origins and the types of misconceptions 

learners have regarding reaction rate, and try to resolve misconceptions (Koretsky, 2020:107). 

Once the misconceptions are detected and addressed or fixed, the learners’ understanding of 

chemistry concepts will increase and learners’ achievement will improve significantly. 

Marumure (2014:1) has shown that reaction rate research have been conducted all aiming at 

improving the quality of chemical education. According to Basheer et al. (2018:3111), 

learners’ misconceptions should be discovered earlier in their learning and ensure the 

necessary steps are taken to remedy the misconceptions. The learners are encouraged to work 

in groups to ensure that they share ideas and have a common understanding of the concepts. 
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1.5 Literature Review 

There has been a concern raised by CAs, in a meeting guided by the diagnostic report for 2019 

end of year examinations that most learners did not do well in chemistry, simply because the 

learners held some misconceptions regarding chemical reaction rate and the related graphs. 

DBE Diagnostic Report (2020:226) outlined that most learners who sat for examinations were 

unable to interpret that graphical problem on reaction rate. Reaction rate has been described as 

challenging concept by many learners in most countries, because of its abstract concepts 

(Karsli, et al. 2014:664). These learners’ high failure rate triggered my interests in pursuing 

studies in reaction rate. 

1.5.1 Construction of Knowledge 

In their study, Bidi (2016:24) and Karsli, et al., (2014:664) find that most of the learners knew 

the factors affecting rate of reaction and many of them did not agree that volume or pressure 

are factors affecting the rate of chemical reaction in a gas reactants. Some students used the 

terms of concentration and number of moles interchangeably. A misconception held by most 

learners is that the rate of reaction cannot differentiate between reaction rate and reaction time 

(Fahmi & Irhasyuarna, 2017:55). 

1.5.2 Learning of reaction rate as a topic 

From the results of thousands of studies reported, Ahiakwo and Isiguzo (2015:113) has shown 

that most learners are unable to distinguish between reaction rate and reaction time.  

1.5.3 Teaching of reaction rate as a topic 

Summer, Shafi and Naqvi (2014) showed that some of these misconceptions are known to 

come from teachers. Summer et al. (2014:4) further stated that teachers can use different 

techniques to minimise the challenges learners face in concepts building (Seçken & Seyhan, 

2014:358). 

1.6 Research Approach And Design 

1.6.1 Research approach 

In this study, a mixed method research approach was used (Fahmi and Irhasyuarna, 2017:55). 

The use of mixed method improves the strength of the study than individual approaches Mixed 

methods research was developed as a result of pragmatism as this worldview is flexible and not 

only aligned to a single of philosophical system and reality. According to Irhasyuarna, et al. 

(2017:55), the approach has given the researcher that freedom of choice and does not see the 

world as an absolute unity. In this study, the researcher used a sequential mixed methods 

research design. 
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This design was used mainly to elaborate the findings of one method with the other. As this 

study was carried out in two phases, the first phase involved a quantitative method, which was 

used to test a theory or concept. In the second phase, the qualitative method was used in an 

attempt to explore and give a thorough understanding of the individual learners’ conceptual 

development. A sequential explanatory design, which was used, is illustrated as follows: 

 

Figure 1.1: Sequential explanatory design 

 

 

1.6.2 Research design 

In this study, learners were given a questionnaire to complete prior to normal teaching to 

determine the existing alternative concepts regarding rate of chemical reactions (Bidi, 

2016:60). The results have shown the nature and origins of the learners’ misconceptions. These 

results provided a full understanding of the learners’ problem areas and gave an opportunity to 

develop sound teaching and learning strategies aimed at addressing such misconceptions 

during the course of grasping new concepts. Semi-structured interviews were conducted with a 

few focus learners to gain a full view of the learners’ thinking and understanding of how these 

misconceptions originate, and what influence they have had in their conceptual abilities (Fahmi 

& Irhasyuarna, 2017:55). 

 

Table 1.1: Post- test scores 

Questions No. of 

learners 

answered 

correctly  

Percentage No. of learners 

answered 

incorrectly 

 Total 

Percentage 

 f % f %  

Q 1. 15 75 5 25 100 

Q 2. 10 50 10 50 100 

Q 3. 8 40 12 60 100 

Q 4. 10 50 10 50 100 

Q 5. 11 55 9 45 100 

Q 6. 7 35 13 65 100 
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Q 7. 7 35 13 65 100 

Q 8. 16 80 4 20 100 

Q 9. 10 50 10 50 100 

Q 10. 12 60 8 40 100 

 530  470  

 53%  47% 100% 

 

1.7 Discussions 

1.7.1 Quantitative analysis 

A total of 55% (11) of the learners answered Question 1 correctly. The rate of reaction was 

defined as changes of concentration of reactants (products) per unit time, while 45% (9) of the 

answers showed that some learners still have partial comprehension of the concept as a result 

of alternative conceptions. 

Question 1 

Only 10% (2) of the learners answered with full comprehension. The effect of temperature on 

the reaction vessel is that it increases the reaction rate by providing the reactants with sufficient 

energy required to enable them to collide with one another. In the 90% (18) of learners who got 

it wrong, some learners showed partial comprehension and others showed alternative 

conceptions all together. These groups of learners have knowledge that is built on alternative 

conceptions, which hinder the assimilation of the accepted scientific concepts. 

Question 2 

A total of 15% (3) of the learners answered Question 3 correctly, showing full comprehension 

of the concept. The role of increase in temperature is to increase the reaction rate by increasing 

the kinetic energy of the molecules, while 85% (17) of the learners got it incorrect. This 

showed that some learners still have alternative conceptions while others showed that they 

have partial comprehension of the concepts. There were statements such as “the temperature 

increases the reaction by giving heat”, “temperature increases the reaction rate by lowering the 

activation energy” and “rate of exothermic reaction decreases when temperature increases”. 

Question 3 

Only 50% (10) answered Question 4 correctly, and another 50% (10) of the learners shown that 

learners partially understand the concepts and that the learners still alternative conceptions. 

There were statements such as “all endothermic reactions occur very slowly”, “all exothermic  
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reactions occur rapidly” and that “it is very difficult to initiate endothermic reactions”. All 

these statements showed that some learners partially understand reaction rate. Some learners 

indicated that it is difficult to initiate an endothermic reaction, which clearly showed that they 

do not have an understand the impact of temperature on the reaction rate. These learners failed 

to realise that both the forward and the reverse reactions form a system which clearly shows 

that when the rate of the forward reaction increases, the rate of the reverse reaction also 

increases. 

Question 4 

Only 45% (9) of the learners’ responses were wrong on Question 5, and 55% (11) of the 

answers were correct. Some learners still do not understand the role of a catalyst in a chemical 

reaction. Others indicated that a catalyst does not participate in a reaction, while it actually 

affects the chemical reaction by increasing the rate. Some learners indicated that a catalyst 

changes the activation energy but failed to indicate whether the value of the activation energy 

is decreased or increased.  

1.8 Conclusion 

It can be observed that the largest percentage of learners` responses were in the category of 

“answered incorrectly”. This means that a greater number of learners are building their 

knowledge on alternative conceptions. Some of these misconceptions are resistant to change, 

because some learners were observed still using alternative conceptions even after they were 

taught about the reaction rate concept and given clarity on all relevant concepts. These 

misconceptions seem to have been built on other misconceptions on other areas in chemistry. 

Further studies should have undertaken on reaction rate concept and related topics that 

proceeds this concept so that acceptable scientific knowledge is not built on alternative 

conceptions. 
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