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Abstract 

This study explores changes of third-year senior high school agricultural science students’ 

conceptions of the nature of dynamic chemical equilibrium using analogy. The analogy used 

in this study is designed to convince students that the situations of chemical equilibrium 

which they misconceived were analogous to other situations which they understand. Six 

students who volunteered to participate in the study responded to semi-structured items on 

chemical equilibrium prior to and after teaching of the lesson. Results of the study showed 

that the critical factor that determines success in the use of the analogy was a student’s 

ability to understand andrelate the analogous situations to the target concepts being taught 

and the ability to cope with the computations involved in the analogy.  It is suggested that in 

using this analogy to teach chemical equilibrium, significant is neededto help students 

establish the relationship between the target concepts and the analog. Also teacher should 

assist students to perform the calculations involved in the simulation activity.  
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1.1 INTRODUCTION 

In recent years, studies on students’ understanding of chemical equilibrium have focused on 

how to design instruction to address students’ misconceptions in chemical equilibrium, and 

evidence is mounting that the constructivist learning model can play important role in 

facilitating students’ understanding of equilibrium concepts. For example, Saricayir, Sahin 

and Uce, (2006) proposed a ‘disc’ analogy that helps students to visualise dynamic 

equilibrium at the molecular level, thereby hindering the formation of misconceptions while  

Campolat, Pinarbasi, Bayrakceken and Geban (2006) used a ‘liquid transfer’ analogy to help 

students construct mental model of dynamic equilibrium. From the constructivist 

perspective, learning is regarded as conceptual change (Duit, 1999), and involves 

restructuring of the pre-instructional conceptual structures in order to allow the 

understanding of the intended knowledge (Duit & Treagust, 2003). Posner, Strike, Hewson 

and Gertzorg (1982) identified four conditions that facilitate conceptual change: (1) there 

must be dissatisfaction with existing conception; (2) a new conception must be intelligible, 

meaning it should make sense to the learner; (3) a new conception must be plausible, 

meaning it should be consistent with current physical knowledge or must have a clear 

physical account; (4) a new conception must be fruitful, meaning it should have the 

potential to be extended, to open up new areas of research.  
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Teaching strategies which have been modelled on the constructivist philosophy on learning 

have emerged. Two main groups of strategies have been identified (Scott, Asoko & Driver, 

1991). The first group consists of those strategies which build on pupils’ existing ideas; 

subsequent teaching and learning involves the pupil in developing and extending these 

existing ideas towards the scientific ideas.  Examples of these strategies are the different 

analogies that have been proposed for explaining the conceptof dynamic equilibrium 

(Harrison & Buckley, 2000; Campolat, Pinarbasi, Bayrakceken & Geban, 2006; Saricayir, 

Sahin & Uce, 2006). Although these studies consistently suggest that analogies can enhance 

the understanding of the dynamic nature of equilibrium, the potentials for the use of 

analogies to teach dynamic equilibrium has not been extensively explored. Despite an 

increases interest in using conceptual change oriented instruction in the classroom, little 

empirical studies have actually been conducted on how analogical teaching can help 

students overcome their learning difficulties in chemical equilibrium.The purpose of this 

study was todetermine the extent to which analogical instructioncan help students change 

their misconceptions in chemical equilibrium.The learning activities developed in this study 

and the supporting students’ worksheets could be useful to chemistry instructors. This study 

addressed the following research question: To what extent does the analogy foster 

conceptual change in chemical equilibrium among senior high school agricultural science 

students?   

 

1.2 METHODOLOGY 

1.2.1 Participants 

A total ofsix third-year senior high school students pursuing the Agricultural Science 

programme and aged 17 – 18years were purposively sampled from a class of 25 learners for 

the study. The six students represent the high achieving group (P1 and P2) average 

achieving group (P3 and P4), and low achieving group (P5 and P6) of students.   The six 

participants consisted of five boys and one girl.According to the chemistry teacher of the 

students, the students had been taught the pre-requisite chemical concepts needed for 

learning chemical equilibrium. These chemical concepts include the mole concept, chemical 

equations and chemical formulae, chemical bonding and rate of chemical reaction. In 

Ghana, senior high school students offering the agricultural science programme are required 

to take chemistry as an elective subject. These students have generally performed very 

poorly in chemistry in the West African Senior Secondary Certificate Examination compared 

to their counterparts who offer the general science programme.  

 

1.2.2. The chemical equilibrium concept achievement test 

The chemical equilibrium concept test consisted of threemultiple choice test items with 

open ended portions. The open ended portion provided opportunity for students to write 

their reasons for choosing an option. The test was used to assess students’ understandingof 

dynamic equilibrium before and after the teaching of the lesson on the topic. The items 

were constructed after reviewing literature and were based on common misconceptions in 
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chemical equilibrium as identified in literature such as‘the concentration of products and 

reactants are equal at equilibrium’ (Hackling & Garnett, 1985) (see Appendix for the 

instrument).The cronchbach alpha reliability of the chemical equilibrium concept test was 

0.76 when it was piloted using 37 students with similar characteristics as the actual 

participants of the study.  

 

1.2.3 Research design 

The case study research design was used in this study to explore students’ conceptions of 

chemical equilibrium before and after the intervention in order to determine the extent to 

which students’ ideas about chemical equilibrium changed as result of exposure to 

analogical teaching. The studysubscribes to the qualitative paradigm and recognizes the 

subjective role of the researcher and participants in the construction of knowledge. Such 

studies can be both advantageous and disadvantageous in the following way. While they 

provide insights into similar situations and cases, thereby assisting interpretation of other 

similar cases, they are not easily opened to cross-checking; hence they may be 

selective,biased and personal (Cohen, Mannion & Morrison, 2007). In order to reduce 

biasness in data analysis,Marvasti (2004) suggested the use of respondent validation. 

Consequently each participant was given his/her written response to cross-check to ensure 

that what the researcher had written was what he/she wrote.  

Data was collected in three phases. The first phase involved the administration of a pretest 

which lasted for 15 minutes. The second phase of data collection took place three days after 

the pretest was administered and lasted for 80 minutes. The third phase of data collection 

took place a day after the intervention was given. This was to ensure that students did not 

have time to study the content that was taught. Also students were not told in each 

instance of testing that they would be writing a test, the reason of which was to prevent 

students from study for the test. 

Data was analysed by looking for patterns and regularities in students’written responses. 

Interpretation of data was done by using direct interpretation and developing 

generalizations on the relationships respondents ‘characteristics and responses.  

 

1.2.4. Theintervention  

The lesson began by posing concept questions on the dynamic nature of chemical 

equilibrium which students responded to by indicating whether they agree or disagree.  This 

was followed by explanation of the aim of the analogy to students.The analogy is intended 

to:  

a) show how the concentration of reactants and products change as the system 

approaches equilibrium 

b) Show the constancy of the concentration of reactants and products once equilibrium 

is attained.  

c)  Show how the rate of the forward and backward reaction change prior to and after 

the attainments of equilibrium. Teacher continued the lesson by helping students to 
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identify the similarities and differences between the analogy and the target equilibrium 

concept as shown in Table 1. It was stressed that not all properties of the analog 

represented the properties of chemical equilibrium systems. For example, a molecule 

may consist of more than one atom but in this analogy a molecule is represented by one 

disc. Also there may be more than one reactant and product in a chemical equilibrium 

system but this analogy describes a situation of one reactant and one product in the 

system. The analogy used in this study is similar to the one proposed by Saricayir, Sahin 

and Uce (2006) but differs in the following way: this analogy shows a closed system with 

reactants and products mixed together in the same apartment. 

 

Table 1: Comparison betweenthe Analog andTarget Concepts 

Analog                                          Target Concept 

1. Mixture of blue and red   A chemical equilibrium system  

discs in a tray    consisting a mixture of reactants  

      and products 

2. Number of blue discs                          Concentration of  reactants 

3. Number of yellow discs                      Concentration of products 

4. Time the turning of discs started         Start of the chemical reaction 

5. At the start only blue discs                  At the start of the reaction only  

are present             reactants are present 

6. During the turning of the discs            Forward and backward reaction are  

from blue to yellow                            taking place. Therefore the reaction  

from yellow to blue                       is reversible 

7. Number of discs turned/min  Rate of reaction  

From blue to yellow                      rate of forward reaction 

From yellow to blue                      rate of backward reaction 

 

The lesson continued by leading students through the dynamic equilibrium simulation 

activity. In the simulation activity, a hypothetical first order reversible reaction was assumed 

to be occurring as shown: A (g) B (g). The rate of the forward reaction was assumed to be 

 while that of the reverse reaction was assumed to be  . Using the rate equation, 

Rate = k[A], and beginning with 24 reactant molecules, students were guided tocalculate the 

number of reactant molecules, A, that have been converted to product molecules, B, after 

one minute.  Students then turned the calculated number of discs to their red side, then 

counted and recorded the number of reactant and product molecules in the system at the 

end of the first minute. The outcomes of the other calculations in the simulation activity are 

sThe calculation procedure was done for each one-minute interval up to the 5th minute and 

each time, the calculation was done, number of reactant and product molecules that were 

converted were actually turned to their opposite sides Table 2 shows the rate of reaction 
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during each minute for five minutes while Table 3 shows the concentration of reactant and 

product molecules during each minute for five minutes.Throughout the computations, 

fractions were rounded up to whole numbers. 

Table 2: Variation of Rate of Forward and Reverse Reaction for the First Five Minutes 

Time interval/min  Rate of forward reaction  Rate of backward 

reaction 

0 – 1 12     0 

1 – 2  6     3 

2 – 3 5     4 

3 – 4 4     4 

4 – 5 4     4 

 

Table 3: Variation of Concentration of Reactants and Product for the First Five Minutes 

Time/min  Concentration of Reactants  Concentration of Products 

0 24     0 

1  12     12 

2 9     15 

3 8     16 

4 8     16 

5 8     16 

1.3. RESULTS  

This study sought to determine the extent to which analogical instruction influenced 

students’ conceptions about the dynamic nature of chemical equilibrium after the 

intervention. The conceptions of the six students on chemical equilibrium on the pretest 

were compared to their conceptions on the posttest. The six students represented the high 

achieving group (P1 and P2), the average group (P3 and P4) and the below average 

achieving group (P5 and P6). The results of the study are presented in Table 4 to Table 6. 

 

Table 4: Students’ Conceptions about how a Reactant’s Concentration Evolves as Reaction 

Approaches Equilibrium  

Preconceptions     Post conceptions 

P1: Concentration of  Cl2(g) increases Concentration of Cl2(g) will decrease 

because the reaction is  taking  place  because reactants are being used to 

in a closed container so heat is not lost. form the products. 

P2: Concentration of Cl2(g) increases  Concentration of Cl2(g) decreases 

because as heat is added to the system,  because more reactants are required  

high temperature is exerted on the   to form the products 

reactants 

P3: Concentration of Cl2(g) will increase Concentration of Cl2 decreases   

because the reaction is taking place in because more of the reactants are  



83 
 

a closed container so some Cl2(g)  being used to form the products. 

produced will add to the original  

amount already there. 

P4: Concentration of Cl2(g) decreases Concentration of Cl2(g) decreases   

because heat produced in the reaction because the heat produced in the  

destroys some of the chlorine   reaction destroys some of the Cl2(g)  

P5: Cl2(g) will increase because not   The concentration of Cl2(g) will 

all of it is being  used to form the  increase because all the Cl2(g) is not  

product so the reaction will then use  being used, the backward reaction  

some of the Cl2 attached to the NOCl  then used some of the Cl2(g) attached  

to form Cl2 (g)     to the NOCl 

P6: Cl2(g) will decrease because   the concentration of Cl2(g) will  

when the container was exposed  decrease because it was in the  

to the atmosphere, some of it    container so when it came out 

came out       it was exposed to the atmosphere 

 

 

 

 

 

Table 5: Students’ Conceptions about how the Concentration of a Product Evolves as the 

System Approaches Equilibrium 

Preconceptions     Post conceptions 

P1:  NOCl will decrease because    The concentration of NOCl will  

in the forward reaction heat is    increase because it is being formed 

being given off, meaning the     from the reactants.     

reaction is exothermic which lowers  

temperature of the system and that  

decrease the amount of NOCl 

P2: Concentration of NOCl will    It will increase because    

increase because in the reactant side   reactants are being used to form 

the 

we have 2 moles of NO and 1 mole    products  

ofCl2 but at the product side, even 

though heat is applied there are  

2 moles of NOCl  

P4: The concentration of NOCl will   It will increase because it is being 

decrease because as heat is applied,   formed at the product side 

some of it will be burnt and destroyed.   

P5: I just feel the amount of NOCl   NOCl will decrease because in the  

will decrease but I don’t know why    product side not all has been used 
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P6: I don’t know whether it will    NOCl will increase because the  

increase or decrease      the reaction is in the gaseous form 

 

Table 6: Students’ conceptions about the conditions of the reaction at equilibrium 

Preconceptions     Post conceptions 

P1: The reaction stops as soon as the   The concentrations of NH3, N2, and 

system attains a state of equilibrium   H2 remain unchanging because at  

because heat is given out      equilibrium, the concentrations of   

       reactants and products remain  

       constant but forward and backward 

       reaction continue to occur at the  

same rate. 

P2: The reaction stops because    The concentrations of NH2, N2 and  

Table 6 continuation. 

when the reaction attains equilibrium   H2 remain unchanging because 

the 

it must stop.       reaction is at equilibrium. 

P3: The concentration of NH3 is equal   The concentration of NH3 is equal to   

to the concentrations of N2 and H2   the concentrations of N2 and H2 

P4: The concentrations of NH3, N2 and  Concentration of NH3 is equal to the  

H2 remain unchanging     concentrations of N2 and H2 because  

       the number of N2 and H2 at the  

       reactant side is the same as the number   

       of NH3 at the product side 

P5: No answer      Only molecules of NH3 will be  

       present because during the reaction 

       the rest has been used up leaving the  

       NH3 in the closed container 

P6: Only molecules of NH3 are    Only molecules of NH3 are present  

present because the reactants have   because the reactants have been used  

been used up      up 

 

1.4. DISCUSSION 

1.4.1. Students conceptions on how the concentration of reactants and productsevolves 

prior to equilibrium. 

In exploring students’ conceptions on how the concentration of reactants and 

products evolve as a reversible reaction approaches equilibrium, students were given the 

reaction Cl2(g) + 2NO(g)   2NOCl(g0 + heat and then asked to explain how the concentrations 

of chlorine, Cl2(g) and nitrosyl chloride, NOCl(g) evolve as the reaction approaches as state of 

equilibrium. Table 4 compares students’ preconceptions and post conceptions about how 
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the concentration of chlorine evolves as the reaction approach a state of equilibrium. P1 

and P2 and P3 changed their pre-instructional frameworks after the intervention. Although 

P5, P6 and P4 correctly indicated that the concentration of chlorine decreases the 

framework used in explaining their answers in the posttest clearly shows that they could not 

construct the scientifically accepted model of the concept after the intervention. The post 

instructional responses of the students generally indicate that the analogy to a large extent 

improved high achieving students’ conceptions on the evolution of substances as a 

reversible reaction approaches a state of equilibrium. When interviewed after the lesson 

what the analogy was explaining, it was revealed that some of the students, particularly the 

low achieving students did not know what the analogy was explaining or had difficulty in 

working out the rate of forward and backward reactions: 

P 3: I know that the blue discs represent reactants and the red discs represent 

products but I don’t know what the whole thing is trying to explain, I think the discs 

are showing how the reaction occurred in the closed system’. 

P6: I don’t understand the calculations so I don’t know what the discs are trying to 

show’. 

P1: Because we cannot see the reaction, we are using the discs to represent the 

reactants and products. From the activity, we can see that as time increases, the 

number of reactants in the system decrease while products increase until they 

remain constant after some time. 

P1, a high achieving student, was able to explain the analogy and his post intervention 

explanation was adequate.As shown in the response of P1 in the interview he rightly 

understood theanalogy. Perhapsteacher mediation given in helping students to relate the 

concept to the analog was significant.P1, P2 and P3 based their explanations on the ‘heat’ in 

the chemical equilibrium equation but abandoned this framework in the posttest after the 

instruction. The analogy might have influence this change of conception. The discs analogs 

represented the chemical equilibrium system at the microscopic level which helped the 

students to form appropriate mental model of dynamic chemical equilibrium.It is this 

framework that these students used to interpret the chemical equilibrium system at the 

symbolic level which is the chemical equation. Simultaneous use of the microscopic and 

symbolic levels of representation to teach chemistry enhances understanding of chemical 

phenomenon (Tragust, Chittleborough & Mamaila, 2003). 

P4, P5 and P6 who belong to the average and low achieving students, did not change 

their pretest responses after the intervention. As seen in the her response in the interview, 

P6 could not make sense of the analogy Her explanation in both the pretest and posttest (it 

was in the container so when it came out, it was exposed to the atmosphere) as a reason for 

the decrease in concentration ofCl2(g) as the reaction proceeds also suggests that she failed 

to see that chemical equilibrium occurs in a closed system.Failure to change her explanatory 

framework also suggeststhat this framework was firmly held prior to instruction in a similar 

manner as P4 and P5. She failed to understand the analogy due to the complex nature of 

the analogy. The analogy may be said to be complex for the following reasons: (1) different 
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aspects of the analog and target were being compared and must be viewed at the same 

time (2) performing two calculations for the forward and backward reactions at the same 

time (3) following up the calculations with actual turning of discs and recording of two data 

at the same time. This could be challenging for low achievers and therefore she could not 

learn the concept. Another reason for failing to learn the concept could be due to the fact 

that she firmly held a misconception prior to the intervention and as a characteristic of low 

level achievers failed to change it(Lawson & Wesser, 1990). 

 

Table 5 compares the preconceptions and post conceptions of students on how the 

concentration of nitrosyl chloride evolves as the system approaches a state of equilibrium. 

P1, P2 and P4 abandoned their preconceptions for the scientific one. In explaining their 

answers in the pretest P1 and P4 they drew evidence from the chemical equilibrium 

equation- heat and number of moles – although these representations in the equation have 

their meanings in the equations. In each case there was logic between claim and the 

evidence provided.As far as there is a logical connection between the claim and the 

evidence, the students tend to belief that their claims are correct and this have the 

tendency to reinforce this misconception. The evidence about chemical equilibrium as 

presented by the analogy was inconsistent with their initial claim so they were able to shift 

from those claims to new claims. According to Posner et al, a new conception is more likely 

to overthrow an old one when it makes sense to the student and it is believed. P2 defended 

his correct claim with arguments based on the number of moles in the chemical 

equation.Argument based on number of moles to conclude that the NOCl will increase 

might come from his awareness in using Le Chatelier’s principle in explaining the effect of 

pressure on the equilibrium system which would have been correct if the system was at 

equilibrium and the question had demanded students to predict the effect of increasing 

pressure on the system. It is possible he did not understand the question during the pretest 

but understood it during the posttest. His change in conception during the posttest may 

therefore not be attributed to the intervention. Students P5 and P6 could not assimilate the 

new concept that was taught. This could be due to their achievement level or failure of the 

analogy to help them develop the new conception. The responses of the students on the 

posttest generally indicate that the disc analogy used improved the conceptions of high 

achieving students on the evolution of products as the reactions approach a state of 

equilibrium.  

 

1.4.2. Students conceptions condition of the a system at equilibrium 

Table 6 shows the comparison of students’ preconceptions and post conception about the 

condition of the reaction at equilibrium. The item used to explore students’ conceptions on 

the conditions required students to select among alternatives and explain the statement 

which is true for a reversible reaction at equilibrium using the reaction N2(g) + 3H2(g)   

2NH3(g) as an example.  As seen in Table 6, P1 and P2 abandoned their preconceptions which 
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were misconceptions for the scientifically acceptable one. P3 and P6 had misconceptions 

prior to the intervention and continued to harbour these misconceptions after the 

intervention. Student P4 rather acquired a misconception after the intervention. In the 

pretest, P4 failed to provide explanation for his answer and this makes the analysis of his 

pre-instructional framework difficult. He might have acquired the misconception from 

exposure to the analogy or it is possible that he had the misconception but it became active 

only during the posttest which the analogy might have activated. An in-depth interview may 

be needed to understand what lead to the acquisition of the misconception.   P5 and P6 

were still having a misconception that in reversible reaction, reactants become used up. The 

posttest responses of the students generally show that the analogy improved the 

conceptions of the high achieving students on the conditions of substances at equilibrium.   

 

1.5. CONCLUSIONS AND IMPLICATIONS 

This study has revealed that prior to instruction, agricultural science students had their own 

theories about chemical equilibrium and these theories are mostly inconsistent with 

scientifically accepted ones. Furthermore, the analogy used in this study could be effective 

in fostering students’ understanding of chemical equilibrium but the analogy if not well 

understood may not bring about the desired conceptual change that is expected. For the 

analogy to be understood significant teacher mediation is needed. Failure of the analogy to 

help low achieving students was due the fact that the analogy was complex with regards to 

the reasoning abilities of these students. For this reason, low achievers may fail to acquire 

the new conceptionsthat are being taught and continue to hold the old conceptions on 

nature of dynamic high chemical equilibrium. It is being suggested that in using this analogy 

to teach chemical equilibrium to students, more attention is given to helping students 

establish the relationship between the target concepts and the analog. Also teacher should 

assist students to perform the calculations involved in the simulation activity.  Before 

instructing agricultural science students on chemical equilibrium, teachers should first give 

concept diagnostic test to find out students’ theories about chemical equilibrium. Teaching 

should then proceed with restructuring of students’ ideas through analogies and 

discussions.  
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APPENDIX  

Interview Protocol on Students’ Misconception on the Dynamic Chemical Equilibrium 

A mixture of nitrogen (II) oxide gas and chlorine gas is place in a closed container. 

                                  2 NO (g) + Cl2 (g)  2 NOCl (g) + heat 

The following variables of the system will either increase or decrease as the reaction 

proceeds from the start to equilibrium. Tick and explain the correct answer.   

1. The concentration of Cl2(g)  

A. INCREASE 

B. DECREASE  

Explanation……………………………………………………………………………………... 

 

2. The concentration of NOCl (g). 

A. INCREASE      

B. DECREASE 

Explanation……………………………………………………………………………………... 

 

3. A

 closed vessel contains nitrogen and hydrogen in equilibrium with ammonia gas as 

shown by the equation below. 

N2(g)     +    3H2(g)  2NH3(g)     H  =   -92KJ 

Which of the following statements about the system is TRUE? Explain your answer. 

A.  Concentration of NH3 is equal to the concentrations of N2 and H2 

B. The concentrations of NH3, N2 and H2 remain unchanging. 

C. Only NH3 molecules are present because the reactants become used up 

D. The reactions stops at equilibrium  

Explanation……………………………………………………………..…………………. 

 

 


