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ABSTRACT 

This research investigated the alternative conceptions in electrochemistry with respect 

to galvanic cell. This was triggered by the poor achievement of students in 

electrochemistry in the previous years, which is a huge worry in Mpumalanga 

Province, South Africa. Teachers are professionals with expertise, experience and 

have their own ways of addressing alternative conceptions around galvanic cell. 

Hence this research investigates how teachers approach this topic in order to limit the 

alternative conceptions held by students in electrochemistry. No studies have reported 

on how teachers address alternative conceptions of their students in electrochemistry 

based on their professional practice and experience.  

 

This study followed a mixed method approach with convergent mixed method design 

where questionnaires for teachers and students, and interviews for teachers and 

students were used as research instruments. A total of 160 student questionnaires 

were returned out of the 171 questionnaires given out and six questionnaires of 

teachers were collected back from the six teachers in this research. Students’ scripts 

of the trial examinations were collected from the five schools for the purpose of 

analysis. There was one focus group of students per school.  SPSS was used in the 

analysis of the quantitative data while Atlas.ti which is computer software was used 

for the qualitative data. 

 

This research discovered that teachers and students still possess alternative 

conceptions around galvanic cell as per triangulated results of both quantitative and 

qualitative data sets. It was further discovered that teachers’ and students’ alternative 

conceptions does not affect students’ achievement in the examination and did not 

affect the achievement of students in electrochemistry, specifically for galvanic cell 

even though the alternative conceptions may be infiltrated to the examinations. The 

qualitative findings further revealed different alternative conceptions around galvanic 

cell according to teachers’ perspectives from those in the literature. The qualitative 

findings further revealed that teachers combine a multiplicity of teaching strategies 

which are teacher-centred and student-oriented in nature. The combination is in the 

form of a continuum not separate as traditionally known.  
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It could then become essential for teachers to be always conscious of the fact that one 

approach need not exist in isolation without the other. The findings in this regard 

suggested that integrating teacher-oriented and student-oriented teaching strategies 

is the best strategy. The moderators, examiners and markers of Grade 12 examination 

in South Africa could suggest strategies to address the topic of alternative conceptions 

around galvanic cell, not only from analysis of students’ scripts but also by being 

informed of findings from the available current research literature on strategies to 

address this specific topic. The national diagnostic report could then be developed 

from an informed perspective based on the research literature on how to confront 

identified alternative conceptions of students around galvanic cell that are identified in 

the scripts of students. Teaching strategies to tackle these known conceptions around 

galvanic cell should then be incorporated in the diagnostic report to assist teachers in 

the minimisation of those alternative conceptions around galvanic cell in their classes. 

Such researched teaching strategies could as be considered when textbooks are 

written. Publishers can be influenced through the guidelines issued by the Department 

of Basic Education to write textbooks such that alternative conceptions are minimized.  

 

 

Key words: Alternative Conceptions, Galvanic cells, Electrochemistry, Teaching 

strategies, Student-oriented, teacher-oriented 
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CHAPTER 1 

 INTRODUCTION AND BACKGROUND 

1.1 INTRODUCTION 

The Mathematics, Science and Technology (MST) Academy commenced operations 

in January 2013. It was established as a strategy to ensure improvement of the quality 

of examination results in mathematics, science and technology-related subjects in 

Mpumalanga Province, Republic South Africa (SA). An Academy was established to 

cater for 101 schools that are dispersed across the province. There are 25 schools in 

each district, with the exception of one district that has an additional school.  

 

The Academy was established to address the problem of poor results in Mathematics 

and Physical Sciences in Mpumalanga by increasing participation in mathematics, 

sciences and technology subjects and also to increase the quantity of passes to 50% 

and above at a pass percentage of 50% per candidate. Secondly, the institutional aim 

was to assist South Africa solve the challenge which is the shortage of science skills 

and technology skills (Mpumalanga Department of Education, 2012). Physical 

Sciences is one of the subjects offered at the MST Academy schools. 

 

The Grade 12 national results for Physical Sciences Paper 2 were poor, with 

electrochemistry being one of the most poorly performed topics in this subject 

(Department of Basic Education, 2014). The 2014 and 2015 final examination question 

papers in Physical sciences showed an increase in higher-order questions which could 

have contributed to the low achievement of students in Grade 12. Analysis of Physical 

Sciences Paper 2 (i.e. the chemistry paper) for each year since 2011 offers the 

achievement of students as presented in Table 1. 
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Table 1: Analysis of pass rate in Physical Sciences papers: 2011–2014 

Year National Mpumalanga 

 30% -100%  40% to 100%  30% to 100% 40% to 100%  

2011 53.4 33.8 52.2 33.3 

2012 61.3 39.1 63.2 41.5 

2013 67.4 42.7 65.5 41.0 

2014 61.5 36.9 58.7 34.4 

Average 60.9 38.1 59.9 37.6 

Data sourced from Department of Basic Education (2014) 

Even though the pass rate in Table 1 moved up to 60% on average, the increase in 

the pass quality was still below 50% and sometimes under 40%. This was far below 

the mandate of the MST Academy, namely to increase the pass quality to 50% and 

the pass rate to 50% and above. This suggests that there could be challenges along 

the instruction of Physical Sciences in whole country. The quality of Physical Sciences 

was further reflected in an analysis of the different topics over the past four years in 

the two different question papers. 

The Physical Sciences curriculum in South Africa is divided into two papers: Paper 1 

(physics) and Paper 2 (chemistry). Paper 2 includes electrochemistry with two 

electrochemistry questions, one on galvanic cell and the other on electrolytic cells. 

Electrochemistry comprises 15 to 19% of Paper 2 and 5 to 9% of both Physical 

Sciences papers combined. Performance in electrochemistry has been poor on an 

annual basis (i.e. 2011–2014), as indicated in Table 2. For this reason, the current 

research study was undertaken. 
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Table 2: Analysis of students’ correct responses to electrochemistry questions: 2011–

2014 

  

 

 

 

 

Data sourced from Department of Basic Education (2014) 

The average achievement (correct answers) for both questions together was below 

50% and even lower for the electrolytic cell question, which is just 30% (see Table 2). 

Even though there are related concepts taught in Grade 10 (i.e. ion interaction, 

electrolytes and conductivity) and Grade 11 (i.e. redox reactions and oxidation 

numbers), electrochemistry is offered only at Grade 12 level (Department of Basic 

Education, 2014). This scenario suggests that there is an unresolved challenge in the 

curriculum with respect to Grade 12 electrochemistry. 

In their marking reports the Department of Education identified challenges faced by 

candidates that affect students’ achievement in the final examinations. According to 

the National Diagnostic Reporting of the Department of Basic Education, the following 

were errors and alternative conceptions about electrochemistry for each question in 

the period 2011–2014: 

 

1.1.1 Galvanic cell   

 Most students did not know that the voltmeter reading drops to zero when the 

cell reaction reaches equilibrium; 

 The cell is flat or reaches equilibrium; 

 Voltage drops because the bulb consumes energy; 

 Voltage drops since resistance is added in the form of an extra bulb  

Year Question 8: 

Galvanic cell 

Question 9: 

Electrolytic cell 

 Average % Average % 

2011 35 25 

2012 53.8 45.6 

2013 29.4 17.9 

2014 45 33 

Total average 40.8 30.36 
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 Candidates swap anode and cathode; if the salt-bridge is removed electrons 

cannot travel from one electrolyte to the other (Department of Basic Education, 

2012, 2013, 2014). 

 

1.1.2 Electrolytic cell 

 Students were unable to identify electrodes; 

 Students could not differentiate between galvanic and electrolytic cells; some 

students thought carbon electrodes were reacting, e.g. C + 2Cl2 CCl4; 

Electrolysis is a substance that changes electrical energy into chemical energy; 

and students confused the energy changes in the electrolytic cell (Department 

of Basic Education, 2012, 2013, 2014). 

Many researchers have suggested different definitions of alternative conceptions in 

chemistry. Karslı and Ayas (2011) defined alternative conceptions as the various 

conceptions students have which differ from those endorsed by scientists. 

Misconceptions are defined as inaccurate understandings of what is jointly recognized 

as physical laws that have been tested experimentally to the present (Kay, 2010). It 

follows that alternative conceptions are also referred to as misconceptions by some 

researchers, namely Lee and Osman (2012), Lee and Mohammand (2009), Lin et al. 

(2002, in Kay, 2010) and many others. This research prefers to use the phrase 

‘alternative conceptions’ since the methodology followed in this research is an 

approach that is aligned to a mixed method. The term ‘alternative conception’ 

acknowledges students’ and teachers’ knowledge that exists in them as a reality they 

know until proven otherwise.  

1.2 BACKGROUND 

Sanger and Greenbowe (1997) focussed their attention on alternative conceptions 

about electrochemistry which relates to the movement of ions in the solutions as well 

as the movement of ions movement within the salt-bridge and they also came up with 

a table of alternative conceptions about electrochemistry. Studies on 

electrochemistry’s alternative conceptions have been done all over the world. Garnett 

and Treagust (1992) focused on Australian and American first year University 

students. Studies conducted in South African Universities revealed that students in 
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South Africa which were in their first year displayed some different conceptions about 

electrochemistry (Davidowitz and Potgieter (2011) and Huddle and White, 2000).  

Aydin, Friedrichsen, Boz and Hanuscin (2014) discovered that teachers present 

lessons through content delivery. These researchers found that teachers are mostly 

teacher-centred when they teach electrochemistry with a lack of focus on students, 

possibly because they lack topic-specific pedagogical content knowledge (PCK). 

There are learning models, for example teacher-centred models (conceptual learning, 

direct instruction, inquiry-based learning) and student oriented models (presenting and 

explaining, cooperative learning, problem-based learning, classroom discussion or 

connecting). There are also multiple models (Arends, 2012) and other teaching 

strategies to address the subject of electrochemistry. The term ‘alternative 

conceptions’ was used as a reference to study how South African teachers address 

what they know around galvanic cell. 

The first researchers who researched about alternative conceptions which were 

referred to as misconceptions then, archived quite a lot of them around electrolytic 

cells and galvanic cell (Dlamin and Ochonogor, 2017). They were well coded as well 

under electrochemistry. This research had identified several alternative conceptions 

around galvanic cell to be investigated some alternative conceptions from a catalogue 

of alternative conceptions of Electrochemistry (Garnett and Treagust, 1992; Sanger 

and Greenbowe, 1997). The study identified electrochemistry’s alternative 

conceptions for this study as documented in literature, as follows: 

 Electrons enter the solution from the cathode, travel through the solution and 

the salt-bridge, and then appear at the anode to make the circuit complete 

(10a). 

 Anions in the salt-bridge and solution move electrons from the cathode to the 

anode (10b). 

 The anode is negatively charged and loses electrons; the cathode is positively 

charged and gains electrons (11a). 

 The anode is positively charged because it has donated electrons; the cathode 

is negatively charged because it has received electrons (11b). 

 Electrons move in an electrolyte by being attracted to an ion (2h). 
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 Electrons move within an electrolyte by a force of attraction towards the ions on 

the cathode and are carried on to the anode (2i) 

 Only negatively charged ions cause a flow of current in the solution and salt-

bridge (10fa). 

 The fact that the electrode potential of hydrogen gas in one atmosphere is zero 

is based on the chemistry of hydrogen ion and hydrogen molecule (9b). 

 In an ordered table of standard reduction potentials, the element with the most 

negative E° value is the cathode (8a). 

 Standard reduction potentials table arranges metals by declining reactivity (8b)  

 The identification of the anode and cathode is based on the physical placement 

of the half-cells (8c) 

 (Garnett and Treagust, 1992; Sanger and Greenbowe, 1997). 

Some of these errors and alternative conceptions about galvanic and electrolytic cells 

apparently show that there are alternative conceptions that were displayed by 

candidates in the final examinations, and the Department of Basic Education, (2012, 

2013, 2014) have already highlighted some. It would be interesting to establish which 

alternative conceptions around galvanic cell are held by high school level teachers 

and their students especially of the MST Academy schools. It appears that there has 

been no study of a comparable institution offering only MST subjects like the MST 

Academy schools. 

Figure 1 shows how this research studies alternative conceptions about 

electrochemistry with reference to galvanic cell in relation to the students’ 

achievement. The main aspects of figure 1 are: first is, Alternative conceptions of 

teachers and students around galvanic cell; the second is, the achievement of 

students in the examination; and the last is, the way in which teachers tackle 

alternative conceptions around galvanic cell. All formed a comprehensive study on the 

impact alternative conceptions might have on students’ achievement in galvanic cell.  

Figure 1 attempted to depict the interrelatedness of teachers, students and 

examination on student’s achievement. 
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Figure 1: Interrelatedness of Alternative conceptions and students’ achievement in 

electrochemistry 

 

Early researchers (Garnett and Treagust, 1992; Sanger and Greenbowe, 1997) 

studied alternative conceptions about electrochemistry and further documented them 

into galvanic cell and electrolytic cell. There are other researchers like Davidowitz and 

Potgieter (2011), Huddle and White, 2000 and many more who later did a very good 

work as well. This study chose to focus on alternative conceptions around the galvanic 

cell. 

 

Figure 1 clearly shows that the extent to which, alternative conceptions of teachers 

and students around galvanic cell; alternative conceptions from examination; and 

alternative conceptions known to teachers affect the student achievement in the 

examination. The understanding of this extent then assist in the understanding of the 

whole effect of students’ alternative conceptions around galvanic cells to student 

achievement in the examination. 

 

It would also be interesting for this study to attempt to discover how teachers ensure 

understanding of galvanic cell when they address the topic of electrochemistry and 

how aware are they of alternative conceptions. This study could also determine if 
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practising teachers do communicate electrochemistry alternative conceptions to their 

students.  

 

1.3 PROBLEM STATEMENT 

The problem statement in this study is basically to establish the alternative 

conceptions about electrochemistry especially those that are related to galvanic cell 

of both students and teachers with their contribution in the examination achievement 

of students (Dlamin and Ochonogor, 2017). It is also to determine ways to confront 

alternative conceptions around galvanic cell so that students’ achievement is affected 

positively   from the perspective of a teacher in relation to teacher’s own experience 

and expertise as practising professional.  

1.4  RESEARCH QUESTION 

The following main research question was asked in order to pursue this study: 

How can alternative conceptions around galvanic cell be addressed to improve 

students’ achievement? 

1.4.1 Research secondary questions 

The following are the five research sub-questions asked in order to further investigate 

the main research question asked earlier:  

1. What are the teachers’ alternative conceptions around galvanic cell? 

2. What are the students’ alternative conceptions around galvanic cell? 

3. What is the relationship between teachers’ and students’ level of alternative 

conceptions around galvanic cell? 

H01: There is no statistically significant relationship between teachers’ and 

students’ alternative conceptions around galvanic cell. 

4. What is the relationship between students’ alternative conceptions and 

students’ achievement in the examination around galvanic cell? 

H02: There is no statistically significant relationship between the students` 

alternative conceptions around galvanic cell and the students’ achievement in 

the examination around galvanic cell. 

5. In what ways do teachers tackle alternative conceptions around galvanic cell 

that are known to them? 
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1.4.2 Research Objectives  

The main objective of this research was to find out what teachers engage in to confront 

alternative conceptions around galvanic cell for positive effect on students’ 

achievement (Dlamin and Ochonogor, 2017). The following specific objectives led to 

the achievement of the main objective: 

1. To find out the teachers’ and students’ alternative conceptions around galvanic 

cell;     

2.  To determine any correlation that may exist between the alternative 

conceptions of students and teachers around galvanic cell; 

3. To determine any correlation that may exist between the students’ alternative 

conceptions around galvanic cell and the students’ achievement in the 

examinations; 

4. In what ways do teachers tackle alternative conceptions around galvanic cell 

that are known to them to improve the level of students’ achievement 
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Figure 2: Link between research sub-questions and research sub-objectives 

Figure 2 shows the link between the main research question and the main objectives. 

It further highlights the interrelatedness between sub-question and sub-objectives.  

1.5 RATIONALE  

This study concentrated on high school students and teachers at basic education level 

in South Africa. It is unlike the work of Huddle and White (2000), Davidowitz and 

Potgieter (2011) and others who focused mainly on higher education level. This study 

was intended to establish alternative conceptions about electrochemistry at high 

school level from teachers and students of schools managed by the MST Academy. 

The study focused on the 101 Academy schools which cater for mathematics, science 
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and technology subjects. It appears that no prior study has been conducted at a 

comparable academy. 

Secondly, it appears that there are challenges in the subject content of the Physical 

Sciences in South African schools. The national and provincial pass rate was just 

below 40% as displayed in Table 1. This is a disturbing trend because South Africa 

has a shortage of MST subject-related careers. The pass rate in Physical Sciences 

was very poor in both papers, i.e. Paper 1 (physics) and Paper 2 (chemistry) just below 

40%. This therefore implies that the higher education intake in these subjects might 

be below 40% which does not assist in addressing the lack of science and technology- 

related skills in the country. 

This was further complicated by the quality of Physical Sciences reflected in the 

analysis of the different topics over the past four years (2011–2014) in both question 

papers. The average achievement (correct answers) for both questions was together 

about 40% in galvanic cell and poorer for electrolytic cell, which was just 30% (see 

Table 2). The Academy aims to assist students to achieve 50% and above in 

Mathematics and Physical Sciences. This triggered research interest in the way in 

which the topic of electrochemistry in Grade 12 is presented in the South African 

curriculum. The galvanic cell concept, which is the main focus of this research, also 

failed to contribute very much towards the attainment of the 50% and above pass rate 

set by the Academy with the goal of increasing intake at universities, universities of 

technology and other institutions in the effort to address South Africa’s skills shortage. 

This research further aimed at assisting education authorities with information on the 

state of electrochemistry in all schools in Mpumalanga Province for their planning and 

implementation of the curriculum. It would be of benefit to subject advisors and 

teachers to address the challenge of electrochemistry in Grade 12, especially in the 

MST Academy schools. 

The list of research areas highlighted by the Mpumalanga Department of Education 

for 2015 to 2019 emphasizes research on particular topics in subjects where teachers 

feel challenged. This was to decide whether these challenges are due to gaps in 

college and university training or due to other factors. This was captured under the 

field: Teacher Education, Development and Support (Mpumalanga Department of 

Education Research Agenda, 2015), and is relevant to this research. 
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This research was intended to shed light on prevailing alternative conceptions around 

galvanic cell in all MST Academy schools. The study was also to aid fellow researchers 

and the MST Academy to undertake further studies on the challenges of the MST 

subjects, within the Department of Basic Education under the leadership of MST 

Academy. There was also hope that provincial officials might also be influenced, since 

they have a huge interest in the Academy – as MST Academy is a provincial strategy 

to improve MST subjects, not only in the 101 schools but throughout the province. The 

whole province would begin to understand the alternative conceptions around galvanic 

cell that exist in Mpumalanga Province. 

The study had to confirm or dispute the well-known alternative conceptions around 

galvanic cell discovered earlier by other scientists and whether they still exist with MST 

Academy students. This research also aims to discover whether alternative 

conceptions of students around galvanic cell are related to the students’ achievement 

in the examinations (Dlamin and Ochonogor, 2017). Lastly, this investigation could 

contribute knowledge to field of chemistry and science education with findings on how 

teachers deal with students’ alternative conceptions around galvanic cell that they are 

aware of in relation to the various classes they taught as per their professional 

experience and practice (Dlamin and Ochonogor, 2017).  

1.6 RESEARCH SCOPE AND DELIMITATIONS  

This research did not cover all education districts of Mpumalanga Province.  The five 

schools identified for this research share one main characteristic.  The schools were 

taken from four circuits in one municipality. One school was chosen per circuit. This 

was done taking into cognisance the resources needed to administer research 

instruments within one month in these schools. The time is crucial since the topic under 

study is taught during one month in the year just before the trial examinations and the 

final examination. The sample schools were all part of the MST Academy. Only five 

schools of the 101 schools were chosen since this research employed a mixed method 

approach. The small number of schools appeared to be suitable for the quantitative 

analysis of the mixed method approach. 

The schools comprised one race which is predominantly black, with at least two main 

ethnic groups, and they are influenced by traditional leadership practices. This 

research may not be representative of all races and ethnic groups of South Africa, but 
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is limited mainly to Swati and Tsonga. The five schools were also chosen because of 

their reasonable distances in the municipality. The assumption is that the sample of 

teachers from the five schools will be at a minimum of five, since there was at least 

one teacher teaching Grade 12 per school except for one. The sample of at least six 

teachers might have been insufficient for quantitative data analysis and would be 

compensated for by the qualitative data analysis since this research followed a mixed 

method design. All students taking Physical Sciences in Grade 12 were eligible to 

participate in answering the questionnaires because the students sample was not 

large enough to satisfy collecting data quantitatively and also making ensure that the 

sample was large enough in the five schools.  

 

1.7 ASSUMPTIONS OF THE STUDY  

Participants had similar experiences of learning chemistry since they come from MST 

Academy. Participants would have learnt electrochemistry before the research 

instruments were administered. Participants had similar socio-economic backgrounds 

as they come from the same municipality within a radius of 50 km and a diameter of 

about 100 km. MST Academy schools are considered advantaged schools in the 

municipality and students attend in these MST Academy schools. Students who attend 

these schools have relatively better tuition than others in the municipality. The 

management of the school is sound; consequently, these schools are regarded as 

good schools. Human resources, especially teachers, are all well qualified to teach 

MST subjects. 

1.8 OPERATIONAL TERMS 

Achievement: marks obtained from an assessment of an examination; 

Alternative conceptions: incorrect perceptions of what is universally accepted by 

scholars and experts in a particular field;  

Analogy: a teacher-centred strategy where a teacher uses similar concepts to explain 

a specific concept; 

Graphical representation: use of a sketch or diagram of a galvanic cell to explain 

what happens in an experiment on the galvanic cell; 

MST Academy (Mathematics, Science and Technology Academy): an institution 

charged with responsibility for the mass production of students that pass Grade 12 
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mathematics and physical science with a minimum of 50% and meet bachelor degree 

entry requirements through the human and physical resources provided; 

Student: a learner;  

Teaching approach: concerned with broader teaching where the teaching centres 

either on the teachers or on students; 

Teaching strategy: a very specific teacher-centred or student oriented tactic to deal 

with a particular concept in order to avoid or address alternative conceptions 

Prompt: type of teacher-centred strategy that helps students to remember the learned 

content. 

1.9 SUMMARY OF THE CHAPTER 

The main idea for this research project was to investigate alternative conceptions 

around galvanic cell (Dlamin and Ochonogor, 2017) in electrochemistry as 

experienced by Grade 12 students and grade 12 teachers in Mpumalanga schools. 

The researcher further discussed the research background; problem statement; 

questions and objectives of this research; the research rationale; the research 

significance; delimitations and scope of the research; as well as definitions of 

operational terms of this research. 

1.10 OUTLINE OF STUDY 

Chapter one focuses on the introduction; background; statement of the problem; 

questions of this research with objectives; rationale of this research; research scope 

and delimitations; assumptions of the study as well as definitions of operational terms.  

Chapter two includes an introduction of the literature review; challenges in the learning 

of chemistry; alternative conceptions in chemistry; topic-specific content knowledge 

and alternative conceptions in the teaching of chemistry; student’s achievement in 

chemistry; the effect of alternative conceptions around galvanic cell on student 

achievement; teaching strategies which are teacher oriented and student oriented to 

tackle alternative conceptions around galvanic cell (Dlamin and Ochonogor, 2017) in 

electrochemistry, conceptual framework and summary of the chapter. 

 

Chapter three discusses the research participants; context of the research; sample 

and population; research approach and design; instruments of the study; the method 

of data collection; the techniques for analysis and the data interpretation; validity   and 
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reliability as well as credibility; pretesting of research instruments and ethical 

clearance. 

 

Chapter four describes the analysis and presentation of data. This chapter discusses 

in full the data of the quantitative part and the qualitative part; the triangulation of 

quantitative data and qualitative on alternative conceptions around galvanic cell of 

teachers and students (Dlamin and Ochonogor, 2017); and triangulation of students’ 

and teachers’ data on teaching strategies and approaches.  

 

The chapter five presents a discussion of the findings; summary and conclusion; 

contribution to knowledge; recommendations and future research. 
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CHAPTER 2 

 REVIEW OF RELATED LITERATURE   

2.1 INTRODUCTION 

This chapter captured the outcomes of the reviewed literature. Literature review deals 

with: challenges associated with the learning of Physical Sciences; alternative 

conceptions about electrochemistry; student achievement in the physical sciences; the 

effects of alternative conceptions on student achievement; the approaches needed to 

address alternative conceptions about electrochemistry; strategies to deal with 

alternative conceptions of students in electrochemistry; and the conceptual framework 

of this study.  

This research explored the above sub-headings with reference to the achievement of 

students in electrochemistry. Most researchers have reviewed alternative conceptions 

about electrochemistry of first-year students and novice teachers. This particular 

research focused on current Grade 12 teachers’ alternative conceptions and the 

alternative conceptions of students as well as the influence of these alternative 

conceptions around galvanic cell (Dlamin and Ochonogor, 2017) in electrochemistry 

on the achievement of students. Students’ achievement was investigated in the trial 

examination as it would be difficult to source the Grade 12 final examination scripts of 

students. It appears that most researchers did not have the opportunity to study 

practising teachers’ ways of dealing with alternative conceptions about 

electrochemistry.  

 

2.2 CONCEPTUAL FRAMEWORK 

Studies on alternative conceptions about electrochemistry have been executed across 

the world. Garnett and Treagust (1992) focused on Australian and American first-year 

university students. Davidowitz and Potgieter (2011); and Huddle and White (2000) 

conducted similar studies in South Africa on first-year university students. Another 

comprehensive study was completed on alternative conceptions about 

electrochemistry relating to the current flow in the solutions of the electrochemical cells 

and the salt-bridge; they also developed a table of coded alternative conceptions 

(Sanger and Greenbowe, 1997). 
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The topic of this research focuses on selected known alternative conceptions around 

galvanic cell in electrochemistry from literature, especially as identified by Garnett and 

Treagust (1992) and Sanger ‘and Greenbowe (1997). The following are alternative 

conceptions about electrochemistry which were identified with regards to the teachers 

and students of the MST Academy. Table 3 shows alternative conceptions around 

galvanic cell in electrochemistry which directly come from literature as recorded and 

coded in Garnett and Treagust (1992), and Sanger and Greenbowe, (1997). 

Table 3: Selected alternative conceptions in electrochemistry 

Self-codes of 

electrochemistry 

alternative 

conceptions for 

this research 

Electrochemistry 

codes according to 

literature  

Alternative conceptions around galvanic cell in 

electrochemistry as captured from research 

literature 

E1 8b Standard reduction potentials table arranges 

metals by declining reactivity 

E2 10fa Only negatively charged ions cause a flow of 

current in the solution and salt-bridge 

E3  8a In an ordered table of standard reduction potentials, 

the elements with the most negative E° value is the 

cathode 

E4 10b Anions in the salt-bridge and solution move 

electrons from the cathode to the anode 

E5 2h Electrons move in an electrolyte by being attracted 

to an ion 

E6 8c The identification of the anode and cathode is 

based on the physical placement of the half-cells 
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E7 11b The anode is positively charged because it has 

donated electrons; the cathode is negatively 

charged because it has received electrons  

E8 10a Electrons enter the solution from the cathode, travel 

through the solution and the salt-bridge, and then 

appear at the anode to make the circuit complete 

E9 2i 
Electrons move within an electrolyte by a force of 

attraction towards the ions on the cathode and are 

carried on to the anode 

Alternative conceptions around galvanic cell in Table 3, they also form part of the 

conceptual framework, where teachers’ and students’ alternative conceptions around 

galvanic cell were studied. Tenth alternative conceptions, which was E10: Ions from 

the one half-cell compartment and the other half-cell compartment pass across the 

salt bridge to keep electrical neutrality (Dlamin and Ochonogor, 2017) was included 

as part of the conceptual framework which was not from the list of Garnett and 

Treagust (1992), and Sanger and Greenbowe, (1997). 

The study further attempted to determine whether practising teachers do pass on 

alternative conceptions around galvanic cell to their students. Aydin et al. (2014) 

discovered that teachers employed a more teacher-centred approach and focused of 

teaching content in electrochemistry; their teaching did not focus more closely on their 

students. These could mean that teachers may pass alternative conceptions to 

students unconsciously as the instruction does not focus on students. Teaching 

approaches, for example teacher-centred approaches (direct instruction, lecture 

method, demonstration, etc.) and student oriented approaches (practical investigation, 

cooperative learning, problem-solving, classroom discussion, etc.), also form part of 

this research’s conceptual framework, especially the ways which teachers employ to 

deal with alternative conceptions around galvanic cell they are aware of. 

There are also teaching strategies in literature that address alternative conceptions 

around galvanic cell as per discussions in the previous paragraphs. These teaching 

strategies formed part of the conceptual framework as well. They include: model to 

teach electrochemistry (Huddle and White, 2000); the learning cycle with three phases 
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recognized as CORE (chemical observations, representations, experimentation) 

(Avargil, Bruce and Amar, 2015); predict-observe-explain (POE) strategy 

(Karamustafaoğlu and Mamlok-Naaman, 2015); interactive multimedia module with 

pedagogical agent (IMMPA) named ‘EC Lab’ to help in students’  cognition in 

electrochemistry (Lee and Osman, 2012); use of computer animation to teach and 

comparison with the conventional lecture-based method (Talib, Matthews and 

Secombe, 2005); laboratory activity using the 5E learning model for teaching (Karsli 

and Ayas, 2011) among others. 

The relationship between the students’ and teachers’ alternative conceptions around 

galvanic cell, and the students’ achievement in galvanic cell questions in the 

examination are also part of the concepts studied (Dlamin and Ochonogor, 2017).  

Teaching strategies and teaching approaches are concepts that formed part of the 

conceptual framework and were the basis for answering the research question brought 

forward in this research: How can alternative conceptions around galvanic cell be 

addressed to improve students’ achievement? This is the main question posed in this 

research. This research was mindful of the fact that teachers could be using their own 

teaching strategies that assist them to confront alternative conceptions around 

galvanic cell. These two concepts, teaching strategies and approaches in addressing 

alternative conceptions around galvanic cell (Dlamin and Ochonogor, 2017) formed 

part of the conceptual framework and these terms are used interchangeably. 

In summary, the conceptual framework of this investigation comprises of alternative 

conceptions around galvanic cell about electrochemistry, relationships between 

students’ and teachers’ of alternative conceptions around galvanic cell and the 

relationship between teachers’ of alternative conceptions and students’ of 

achievement in the examination (Dlamin and Ochonogor, 2017), and lastly teaching 

strategies and teaching approaches. 

 

2.3 ALTERNATIVE CONCEPTIONS IN CHEMISTRY 

It is most essential to track the history of the definition of ‘alternative conceptions’ in 

order to understand how this study arrived at the usage of the word ‘alternative 

conceptions’. Literature has used a variety of terms to refer to alternative conceptions. 

Driver (1981) referred to alternative conceptions as alternative frameworks; Hewson 
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and Hewson, (1983) referred to them as alternative conceptions; Arnaudin and 

Mintzes, (1985) as preconceptions; and Galle gos, Jerezano and Flores (1994) and 

Osborn and Freyberg (1985) as erroneous notions; Sanders (1993) as naïve beliefs 

and Caramazza et al. (1981) as referred to alternative conceptions as defective 

extensions of productive previous knowledge. 

Students who are exposed to new content in the class and having inappropriate ideas 

about the topic at hand are said to have misconceptions (Kauri, 2013). The ideas that 

evolve without prior knowledge of a particular chemistry topic may not necessarily 

mean that they are incorrect; these can also be referred to as alternative conceptions 

or pre-concepts. 

 

Students sometimes understand chemical concepts in their own manner which at 

times may differ from scientific consensus of a particular explanation of a certain 

chemical concept (Abraham, Grzybowski, Renner and Marek, 1992; Dindar et al., 

2010). Kay (2010) refers to alternative conceptions as misconceptions. This study 

considers alternative conceptions as perceptions of students which are not universally 

recognized by practising scientists. Such an explanation becomes wrong in relation to 

the scientific explanation but may not always be necessarily incorrect. 

There are many alternative conceptions which exist in chemistry as captured in 

literature. Some of the early researchers like Bradley and Mosimege (1998) also 

conducted a study in find out alternative conceptions about acids and bases. The 

successors in this chemistry research went further than earlier researchers did. Chu 

and Hong (2010) studied alternative conceptions in chemistry with Malaysian and 

Singaporean students as participants. These researchers looked at alternative 

conceptions about atoms, molecules, chemical bonds, ionic and covalent and 

chemical reactions. Al-Balushi, Ambusaidi, Al-Shuaili and Taylor (2012) reported on 

their study that explored alternative conceptions about structure of an atom; structure 

of compounds; chemical bonding; chemical equilibrium; combustion; electrochemistry; 

and oxidation and reduction using a two-tier diagnostic test, called Chemistry 

Misconceptions Diagnostic Test (CMDT). There are several alternative conceptions 

that these researchers recorded in each topic form the above-mentioned studies.  
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Dindar, Bektaş and Çelik (2010) also studied the explanation of pre-service teachers 

on chemistry topics like matter and particles, gases, solutions, vapour pressure and 

boiling point, chemical equilibrium, acids and bases, and electrochemistry. Dindar et 

al. (2010) in their study depicted alternative conceptions from the teachers’ 

explanations of the chemistry topics. They discovered Alternative Conceptions around 

galvanic cell which are the salt-bridge conduct electricity since salts conduct electricity, 

secondly teachers did not give any information on the role of the salt bridge in the 

galvanic cell. Lastly teachers did not give explanations about the anode, cathode, 

oxidation and reduction-which could also be because of confusion cause by some 

misconceptions in their minds.  Most topics are similar to those that A-Balushi et al. 

(2012) had studied. Ozman (2010) studied Grades 4, 5 and 6 learners regarding their 

conceptions about the particulate nature of matter in their everyday encounters. 

Ozman (2010) discovered that these students had alternative conceptions about the 

particulate nature of matter. The alternative conceptions about the particulate nature 

of matter in Ozman’s (2010) research was referred to as the primitive continuous-

matter viewpoint of the real physical world as conflicting to the scientifically recognized 

particulate model. Cooper, Corley and Underwood (2013) investigated alternative 

conceptions about the structure-property relationships of matter. 

They are the most recent researches on similar chemistry topics conducted by other 

researchers. Another similar study to those of Dindar et al. (2010) and Al-Balushi et 

al. (2012) was conducted with Grade 9 students in Singapore on alternative 

conceptions these students had on acids and bases in chemistry (Hoe and 

Subramaniam, 2015). Özalp and Kahveci (2015) made a diagnostic assessment of 

students’ alternative conceptions about the particulate nature of matter from an 

ontological viewpoint. One of the research questions by Özalp and Kahveci, (2015) 

was on the identification of alternative conceptions about the particulate nature of 

matter. All the above studies investigated alternative conceptions in chemistry and 

built on each other’s research. 

There are several alternative conceptions about electrochemistry that were studied in 

the past. This study tried to investigate alternative conceptions in chemistry and 

specifically in electrochemistry by attempting to respond to the research questions 

below:  

1. What are the teachers’ alternative conceptions around galvanic cell? 
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2. What are the students’ alternative conceptions around galvanic cell? 

3. What is the relationship between teachers’ and students’ alternative 

conceptions around galvanic cell? 

4. What is the relationship between students’ alternative conceptions and 

students’ achievement in the examination? 

5. In what ways do teachers tackle alternative conceptions around galvanic cell 

that are known to them? 

Some of the alternative conceptions around galvanic cells were investigated. There 

are, however, even more alternative conceptions in electrochemistry that were 

investigated. This research has put its weight on alternative conceptions around 

galvanic cell (Dlamin and Ochonogor, 2017) as coded by Garnett and Treagust, (1992) 

as well as Sanger and Greenbowe (1997). These alternative conceptions around 

galvanic cell (Dlamin and Ochonogor, 2017) are fully described in the following 

paragraphs. 

There are several alternative conceptions around electrochemistry documented by 

researchers like Sanger and Greenbowe (1997), Ogude and Bradley (1996), and 

others. Garnett and Treagust discovered some alternative conceptions around 

galvanic cell in electrochemistry (Garnett and Treagust, 1992; Sanger, 1996; Sanger 

and Greenbowe, 1997) which contributed possible alternative conceptions into the 

catalogue of known alternative conceptions around galvanic cell in electrochemistry 

(Dlamin and Ochonogor, 2017). The list of known alternative conceptions is well-

documented and also coded. Alternative conceptions around galvanic cell in 

electrochemistry that were identified for this research purposes are as follows: 

 Electrons enter the solution from the cathode, travel through the solution and 

the salt-bridge, and then appear at the anode to make the circuit complete 

(10a). 

 Anions in the salt-bridge and solution move electrons from the cathode to the 

anode (10b). 

 Cations in the salt bridge and electrolyte receive electrons and loose them from 

the cathode to the anode (10c) 

 The anode is negatively charged and donates electrons; the cathode is 

positively charged and accepts electrons (11a) 
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 The anode is positively charged because it has donated electrons; the cathode 

is negatively charged because it has received electrons (11b) 

 Electrons move in an electrolyte by being attracted to an ion (2h) 

 Electrons move within an electrolyte by a force of attraction towards the ions on 

the cathode and are carried on to the anode (2i)  

 Electrons can move through an electrolyte without help from ions (10ea) 

 Only negatively charged ions cause a flow of current in the solution and salt-

bridge (10fa) 

 Cations and anions move until their concentrations are constant (10d) 

 The fact that the E° for H2 (1 atm.)/1 M) is zero, somehow depends on the 

chemistry of H+ and H2 (9a) 

 In an ordered table of standard reduction potentials, the elements with the most 

negative E° value is the cathode (8a) 

 Standard reduction potentials table arranges metals by declining reactivity (8b) 

 The standard half-cell is not a necessity (9b) 

Some of the alternative conceptions around galvanic cell were investigated in the MST 

Academy schools in Mpumalanga Province. These electrochemistry alternative 

conceptions were investigated in both students and teachers, even though the 

teachers were mainly novice, or pre-service in previously conducted research (Garnett 

and Treagust, 1997). Alternative conceptions about electrochemistry were later 

reaffirmed by a number of researchers. 

The alternative conceptions about electrochemistry were first studied by Ogude and 

Bradley, (1994, 1996) in South Africa, where these researchers concentrated on 

movement of species in the electrolyte, the maintenance of electrical neutrality, what 

goes on in the electrodes as well the terms involved, parts relating to emf, current, and 

the components of the electrochemical cells. Some of the alternative conceptions 

around galvanic cell studied by Ogude and Bradley were, firstly electrons flow through 

the salt-bridge and in the electrolyte, secondly the incorrect direction of the movement 

of ions or electrons, thirdly perception that water is not reactive in the electrolysis of 

electrolytes and others to mention a few. Huddle and White (2000) did their work in 

South Africa by finding a solution towards addressing the alternative conceptions 

about electrochemistry by developing a model to correct known alternative 
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conceptions. Davidowitz and Potgieter (2011) also studied electrochemistry’s 

alternative conceptions where they wanted to gain understanding into the alternative 

conceptions that gave rise to the choices made by the participants in their study in 

South Africa. Davidowitz and Potgieter reaffirmed Ogude and Bradley’s findings that 

students still believed that electrons move through the electrolyte from one electrode 

to the other, secondly students could not identify the species being oxidised in an 

equation, and others to mention a few.  

Rollnick and Mavhunga (2014) are also researchers from South Africa who realized 

that alternative conceptions about electrochemistry could better be tackled by focusing 

on addressing aspects of teacher’s knowledge. These researchers, Rollnick and 

Mavhunga (2014) used a PCK model which is specific to a topic specifically 

electrochemistry by looking at components like learners’ prior knowledge; curriculum 

saliency; what makes a topic easy or difficult to understand; representations and 

conceptual teaching strategies. It is clear that research is shifting towards better 

solutions to address the challenge of alternative conceptions around galvanic cell in 

South Africa. 

Numerous studies on alternative conceptions about electrochemistry have been 

conducted outside South Africa as well. A study conducted on electrochemistry 

alternative conceptions compared Japan and Indonesia and discovered that 

alternative conceptions about electrochemistry in earlier studies were true for both 

the developing country (Indonesia), and the developed country (Japan). These 

researchers discovered alternative conceptions in topics like electrolysis, current 

flow, the galvanic cell and the reactions occurring in the electrodes (Rahayu, 

Treagust, Chandrasegaran, Kita and Ibnu, 2011). It was discovered that some 

students believed that electrons moved from one electrode to the other through the 

salt bridge and this lead to an incorrect understanding that electrons can move 

through electrolyte which affirms Garnett and Treagust (1992) and Sanger and 

Greenbowe (1997a, 1997b), the second one is that anions in the salt bridge move to 

the cathode while cations move to the anode.  

The challenge of alternative conceptions about electrochemistry transcends all 

boundaries, regardless of differences in social spheres, economy, and geography. 
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Students all over the world are experiencing difficulty in understanding 

electrochemistry, resulting in them developing alternative conceptions. 

Another study explored Grade 12 students’ common alternative conceptions in seven 

areas, using a two-tier test. These seven areas are atomic structure: structure of 

compounds; chemical equilibrium; chemical bonding; combustion; oxidation and 

reduction; and electrochemistry; (Al-Balushi, Ambusaidi, Al-Shuaili and Taylor, 2012). 

Electrochemistry where galvanic cell was a topic was found to have the most 

alternative conceptions (Al-Balushi, Ambusaidi, Al-Shuaili and Taylor, 2012), which 

displays that electrochemistry is among the challenging subject in teaching and 

learning. The alternative conceptions faced by students in electrochemistry lead to the 

development of more alternative conceptions in the subject which might affect student 

achievement in examinations. The alternative conceptions discovered were, firstly the 

belief that electrons move throughout the whole galvanic cell just like other researcher 

like Ozkaya et al (2003) reported, secondly the function of the salt-bridge is to help 

transfer electrons transfer from one electrolyte to the other, thirdly oxidation occurs at 

the cathode in galvanic cell, fourthly the anode releases electrons to the anode, fifth, 

the function of the salt-bridge is to replace the electrons in both electrolytes, the 

cathode electrode dissociates the electrolytes by gaining electrons, Lastly hydrogen 

gas forms even though the electrolyte does not contain hydrogen ion. 

Another study was conducted in Singapore and Malaysia which included 

microteaching sessions where researchers assessed educators’ teaching techniques. 

These microteaching sessions had been of assistance to finding certain alternative 

conceptions of teachers and students (Chu and Hong, 2010). Teachers were able to 

recognize that they do distort students understanding, and thus, sometimes 

innocently, pass along alternative conceptions to their students.  

The teachers in the research sample admitted that certain topics in electrochemistry 

were taught incorrectly in their classes, and that they also understood what students 

experience when they are taught (Chu and Hong, 2010). In their study, Chu and Hong 

(2010) identified an alternative conceptions held by the teachers that a salt bridge 

completes a circuit by creating a passage for electrons to pass through. 

Electrochemistry alternative conceptions might therefore be rife among both students 
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and teachers. These electrochemistry alternative conceptions could have some 

connection to the achievement of students.  

There are quite a number of researchers outside South Africa who did studies in 

electrochemistry conceptions. Karamustafaoğlu and Mamlok-Naaman (2015) 

researched a three-phase strategy to address alternative conceptions about 

electrochemistry. Lee and Osman (2012) developed an interactive multimedia module. 

Talib, Matthews and Secombe (2005) have explored the effectiveness of use of 

computer animation and ‘EC Lab’ strategy implementation (Lee and Osman, 2012). 

Karsli and Ayas (2011) used a laboratory activity for improving and teaching scientific 

process skills using the 5E learning model to address alternative conceptions. The 

work of the above researchers will be further discussed under the teaching strategies 

to address alternative conception in successive paragraphs. 

The National Diagnostic Reports for Grade 12 in South Africa issued every year, 

showed challenges identified during the marking process. The reports refer to 

alternative conceptions as errors and misconceptions in electrochemistry, pertaining 

specifically to the galvanic cell, which students commit in the Grade 12 final 

examination. There are some errors and misconceptions as referred to by the 

diagnostic reports in electrochemistry which this research refers to them as alternative 

conceptions. (Department of Basic Education, 2012, 2013 and 2014). Most students 

were not aware of the following: 

 The voltmeter reading drops to zero when the cell reaction reaches equilibrium; 

 The cell is flat or reaches equilibrium; 

 Exchanging the oxidising agent and the reduced species e.g. Cℓ2|Cℓ-||Au3+|Au; 

 Exchanging the anode and cathode e.g. Au|Au3+||Cℓ-|Cℓ2; 

 Voltage drops because the bulb uses energy; 

 Voltage drops because the bulb is an additional resistance; 

 Voltage drops because the current divides; 

 Voltage drops as the resistance rises; 

 Voltage drops because the potential difference in a series circuit divides; 

 If the salt-bridge is removed, electrons cannot move from one electrolyte to the other; 

 It is incorrect to use a double arrow when writing the half-reaction. 

(Department of Basic Education, 2012, 2013 and 2014). 
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The next are errors and alternative conceptions related to electrolytic cells, according 

to the National diagnostic reports of the Department of Education in South Africa 

(Department of Basic Education): 

 Most candidates did not know that electrolysis is a process; hence words such 

as solution, substance and electrodes were used instead. 

 Many confuse the term current with the direction of current.  

 Many candidates used a double arrow when writing the half-reaction. 

 The use of the Table of Standard Reduction Potentials is poorly understood; 

substance that is a weak oxidising agent is also a strong reducing agent. 

(Department of Basic Education, 2015). 

Some of these errors and alternative conceptions are similar to those of the galvanic 

cell. According to the South African Department of Education National Diagnostic 

Report (2015) the following was the error or alternative conception around galvanic 

cell in electrochemistry that was identified in the 2015 final examination. One example 

is: 

Most candidates did not understand the difference between an 

oxidising agent and a reducing agent. They would say: ‘Cu is a 

stronger oxidising agent than Zn2+ or Cu had a stronger oxidising 

ability than Zn’ (Department of Basic Education, 2015).  

The above alternative conception had existed from years back in high schools in South 

Africa, and has never been successfully minimised. The question is: How best can 

teachers be assisted through research-informed, in-service and professional 

development? There is a need for all stakeholders to investigate the issue of 

alternative conceptions and common errors, especially those which pertain to 

electrochemistry. As illustrated here, alternative conceptions about galvanic cell could 

be finding their way into examinations, and that might affect students’ achievement. 

A second example of a common error or alternative conception around galvanic cell 

identified in the 2015 final examination (Department of Basic Education, 2015):  
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Most candidates were under the impression that a strong reducing 

agent (RA) was a weak OA. That is ‘Zn is a strong RA and is 

therefore a weak OA’ or ‘Cu2+ is a stronger OA than Zn’ 

The above alternative conception around galvanic cell, according to the Department 

of Basic Education (2015), might suggest a serious lack of understanding as well as a 

sign of the insufficient lesson-delivery skills of teachers. There may be a common 

underlying teaching error whereby educators teach alternative conceptions 

unintentionally. 

It was suggested by the Department of Basic Education (2015) that “Electrochemistry 

is not difficult when properly understood. Teachers should allow enough time for this 

section”. This statement was written as a suggestion that teachers improve 

achievement in delivering lessons concerning galvanic cell. This statement shows a 

lack of awareness that teaching electrochemistry has many challenges, as shown by 

past research.  

The second suggestion made to teachers is that students be given enough exercises 

concerning the table of standard reduction potentials – thereby using both reducing 

agents and oxidising agents – to explain why a reaction will, or will not, take place. 

This would provide a good opportunity to teach students how to explain their answers 

(Department of Basic Education, 2015). This could be true, but there are no references 

to literature provided on how teachers themselves can deal with alternative 

conceptions that they are conscious of. Hence alternative conceptions around galvanic 

appear to have an effect on student achievement in the examination. 

2.4 APPROACHES TO TEACHING CHEMISTRY 

Teachers can use different ways to address electrochemistry alternative conceptions. 

These are basically divided into two main categories for this research, which are 

teacher-centred and student oriented approaches (Dlamin and Ochonogor, 2017). 

Arends (2012) refers to these two categories as ‘teacher oriented transmission models 

of teaching’ and ‘student oriented constructivist models of teaching’. Arends (2012) 

uses the term ‘teaching model’ instead of ‘teaching approach’. Burden and Byrd (2013) 

prefer to call these approaches as ‘instructional strategies’ while Killen (2013, p. 15) 

prefers to call them “teaching strategies”. This research prefers to use the term 
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‘approach’, since the word ‘strategies’ could conceptually exist within one of the above-

mentioned approaches, and is also used under the subtopic ‘strategies to deal with 

alternative conceptions’ in this thesis. 

Arends further defines a model as being bigger than a specific strategy, method or 

tactic. These authors, Arends (2012), Killen (2015) and Burden and Byrd (2013), agree 

on the concept of two teaching approaches which are teacher oriented- and student 

oriented approaches. These two approaches referred to as models by Arends, (2012) 

are further discussed here.  

Teachers may tend to associate themselves with either approach; one may favour 

teacher-centred approach and another student oriented approach. Alternatively, some 

may favour the student oriented approach over the teacher-centred approach. Some 

might not be even aware that they are using one of the approaches. Others could be 

aware, but are using the approach with which they are more comfortable with. Table 

4 summarizes the various teaching approaches under the two categories, which are 

further discussed in the following paragraphs. 

Table 4: Approaches to teaching 

Student oriented approach Teacher-centred approach 

Cooperative  Lecture  

Problem-based  Direct instruction 

Discussion  Demonstration 

Simulations and games Modelling  

Inquiry-based teaching  Socratic  

The teaching approaches are not limited to those in Table 4. There could be other 

approaches that are not discussed since they numerous. 

2.4.1 Teacher-centred strategies to teaching 

There are several teacher-centred approaches used globally by teachers. These 

approaches comprise: modelling; demonstration; direct instruction and the Socratic 

approach; lectures (Arends, 2012; Burden and Byrd, 2013; Killen, 2015). Arends 
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(2012) refers to the lecture approach as a presentation and explanation-approach 

method. 

According to Arends (2012), the lecture method is very popular among teachers. The 

method entails teacher leading the class verbally, often including questions to the 

class (Burden and Byrd, 2013). The lecture method is so popular because it has been 

associated with the acquisition and retention of information, and with a curriculum that 

is organized as bodies of knowledge (Arends, 2012). Teachers find the method 

preferable when needing to cover a heavy workload in a short amount of time, albeit 

at the expense of students’ proper understanding. 

 

The lecture method requires an organized classroom, an active teacher, and students 

who actively participate and are concerned with their own academic achievement 

(Arends, 2012). Most of the information is passed on verbally in the form of a 

presentation. Students must have good listening skills, and persevere sufficiently to 

listen to a lengthy lesson presentation.  

The direct instruction strategy promotes the mastery of skills and factual knowledge 

that is imparted via a step-by-step method. This approach is not preferable for teaching 

higher-order thinking. It involves an explanation or a combination of explanation and 

demonstration; guided practice; feedback; and extended practice (Arends, 2012). 

The demonstration approach entails that teachers display experiments, processes, 

and skills to students, and then further explain concepts related to the experiment 

(Burden and Byrd, 2013). In other words, the approach is to demonstrate an 

experiment in class where skills and knowledge are showcased to the students in 

order for them to do as the teacher did. A demonstration approach allows students to 

learn by observing the teacher expertly perform the demonstration. The danger of this 

method arises in the case of a teacher demonstrating a concept or experiment 

incorrectly. In such a case, the whole class will then continue to misunderstand 

concepts and skills. 

The modelling approach entails the teacher describing a skill or concept by engaging 

most of the students’ senses. This is usually achieved by teachers thinking aloud 

(Burden and Byrd, 2013). The teacher has to have the ability to think quickly and 

present in a way that easily conveys the concept concerned to the students. Skill in 
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the model presentation is necessary since a model without a skilful presentation is 

insufficient. 

The Socratic approach allows the teacher to use questions to assist the students in 

thinking about and analysing concepts in order for them to properly understand the 

said concepts (Burden and Byrd, 2013). This approach assists students in being led 

to the answer through their own way of understanding a concept. The teacher must, 

however, be very conscious of his/her questioning skills, since the questions 

themselves are the key to the final understanding of concepts to be learned. If the 

students do not understand the question, the teacher usually can reiterate or rephrase 

until the students see the light. 

Iksan and Daniel (2015) conducted a study in Malaysia on verbal questioning in 

electrochemistry teaching, and describe verbal questioning to be an ability of teachers 

to enforce concepts during the process of teaching and learning. Verbal questioning 

is synonymous to the Socratic Method. Many teachers might be using this technique, 

but the questions asked during verbal questioning should be to the advantage of the 

students’ understanding in an electrochemistry class.  

Teachers always try their own means and remedial ways to engage students in 

learning, which are built on teachers’ personal experience. These may include 

prompting, questioning, cues, probing, providing other explanations, providing 

information fill gaps, reinforcing key points and backtracking (Ali, 2012). The 

Goldilocks Help Workflow provided an organized problem-solving way with clear 

stages of problem-solving – in order to present sorts of questions and prompts that 

lead students through the whole process and also to inspire reasoning for conceptual 

problem-solving as well as developing metacognitive skills (Yuriev, Naidu, Schembri 

and Short, 2017). Teachers use prompts in the form of a mnemonic to anchor certain 

concepts in the mind of students. 

Verbal questioning is another approach to teaching and learning mostly guided by the 

teacher in a class, which is separated into content and management questions (Iksan 

and Daniel, 2015). Content questions relate to the content taught, for example 

electrochemistry-related questions; while management questions are complementing 

oral questions and assist in the broad management of the class (Iksan and Daniel, 
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2015). Content questions are comprised of questions for linking, process based 

questions, questions for comparing, questions for students’ observation, questions for 

scientific terminology (Iksan and Daniel, 2015). Management questions are comprised 

of probing questions, monitoring questions, evaluation questions, as well as bilingual 

questions (commonly known as ‘code-switching’ in South Africa). The content 

questions and management questions should complement one another in verbal 

questioning (Iksan and Daniel, 2015). It is essential for teachers to be well-conversed 

in this method before they begin to use it in a chemistry class.  

Iksan and Daniel (2015) further describe verbal questioning as a skill which 

concentrates on questioning for understanding rather than simply conveying content 

to students. Teachers are mostly aware that verbal questioning is one tool important 

in their classes (Vogler, 2005). Teacher must be skilled (Vogler, 2005) and may need 

to be knowledgeable and experienced even with some level of training when 

employing verbal questioning techniques in the learning of their students. Studies 

support the notion that verbal questioning by a teacher in a class has a positive 

influence in the learning of students through the teacher’s questioning skills that impact 

on student positive participation, thinking and learning (Wilen, 1991). 

Teachers can use verbal questioning by employing Bloom’s taxonomy questioning 

categories (Vogler, 2005) which have been altered a little, according to Krathwohl’s 

taxonomies which are comprehend, remember, apply, analyze, evaluate and create 

(Krathwohl, 2002). The Curriculum Assessment Policy Statement (CAPS) re-

organized the Krathwohl taxonomies into cognitive levels commonly known as low-

order questions (viz. knowing science), middle order (viz. understanding science, 

applying scientific knowledge) and high order questions viz. evaluating, analyzing, 

synthesizing scientific knowledge (Department of Education, 2011). The Curriculum 

Assessment Policy Statement goes to an extent of giving exemplar verbs like low, 

middle and high for the different types of questions. South African teachers might find 

it difficult to employ such cognitive levels in their verbal questioning techniques during 

teaching and learning. 

Teachers can influence students to achievement - where students can engage in clear 

questioning ; questions in line with the topic at hand and questions that cover all 

cognitive order questions; allow three-to-five seconds’ thinking time before the student 
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responds when asking high order questions; allow student’s flexibility in a question; 

balance answers to active as well inactive students; provide more right answers and 

assist where answers are incorrect; allow the class give clarity to their responses and 

support their point of view with evidence and develop thinking; and lastly reward 

correct responses (Wilen and Clegg, 1986). 

It is also true that teachers’ verbal questioning in a class is based on experience; hence 

it is intuitive (Wilen, 1991). Verbal questioning can also lead to class discussions that 

can have an impact on student learning (Wilen, 1991) and student achievement 

(Vogler, 2005). There is a relationship between a teacher’s verbal technique strategy 

and students’ achievement (Wilen, 1991). Verbal questioning can monitor students’ 

understanding, link new knowledge to students’ prior knowledge and arouse students’ 

cognitive growth (Vogler, 2005). 

Burden and Byrd (2013) further explained direct instruction to constitute presentations, 

demonstrations and questioning. Instruction includes discussions, a cooperative 

approach, simulations and games falling under social approaches of teaching while 

the inquiry-based teaching approach constitutes inquiry and attainment, problem-

based approaches and projects (Burden and Byrd, 2013). Social approaches allow 

students to interact with each other while inquiry approaches, which is also referred to 

as inductive instructional approaches, allow for exploratory activities leading to 

concept discovery and generalization (Burden and Byrd, 2013). 

2.4.2 Student oriented approach  

Teachers make circumstance in a class to be suitable for students to both learn, and 

to have a voice (Arends, 2012). This is important since inquiry, discovery, and 

problem-solving approaches allow students to be active and take charge in their 

individual learning. (Burden and Byrd, 2013). Arends (2012) explains the role of 

students in student oriented learning as an active one, especially through interaction 

and participation in the learning activities.  

There are several approaches that are student oriented, these being: cooperative 

learning; classroom discussion; problem-solving; discovery; inquiry; simulations and 

games; debates; and differentiated instruction (Arends, 2012; Burden and Byrd, 2013; 
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Gregory and Chapman, 2013; Killen, 2015). It would be interesting to find out how 

these several approaches are employed in classes.  

The student oriented approach has its bases in constructivist theories (Arends, 2012). 

These approaches encourage student interaction, student inquiry, an exploration of 

ideas, teacher support, and a learning environment that encourages freedom of 

expression (Arends, 2012). There are, of course, some similarities in the 

constructivist’s perspective of teaching and learning. 

Cooperative learning is a strategy that is student oriented from which students can 

benefit where their alternative conceptions in chemistry are addressed; hence 

positively affecting student achievement. According to Gillies (2016) students work in 

groups to complete group tasks during the process teaching; this practice inspires 

students to socialize while learning. Slavin, (2015) describes cooperative learning as 

a teaching strategy where students help each other in a group. This can be through 

discussion and feedback from fellow group members (Foldnes, 2016) and the relevant 

content comes from their curriculum, e.g. electrochemistry and so on. Slavin (1980) 

earlier defined cooperative learning as a technique used in a class where tasks are 

allocated in small teams receive reward for the performance of the different teams. 

This implies that cooperative learning may also include external rewards besides the 

benefit of learning content specifics from each other and socialization. The best 

cooperative strategy would be where students while learning can be rewarded only 

with the understanding of the academic content. 

Studies on cooperative learning have been done since early 1980. These studies have 

discovered that cooperative learning is effective than individual efforts and 

competitions (Gillies, 2016). Foldnes, (2016) reported that a flipped classroom applied 

with cooperative learning works better than lecture-homework strategy. Acar and 

Tarhan (2007) reported on a study which explored extent to which the usefulness of 

cooperative learning over the traditional strategy on the understanding of 

electrochemistry by students. The study found that of the students who had been 

taught with a cooperative learning strategy, 20 students out of the 41 had much higher 

scores that those learning using the normal old way. Cooperative learning strategy 

was found to have a very good potential to minimize the 24 predetermined alternative 

conceptions about electrochemistry of the students (Acar and Tarhan, 2007). This 



 

35 
 

implies that cooperative learning assisted students to understand concepts in 

electrochemistry. 

Ajaja and Eravwoke, (2010) also found that there was greater attainment of scores by 

students who were learning with the cooperative learning strategy than for those 

students learning the normal old way. Mari and Gumel (2015) also discovered that the 

use of cooperative learning strategy has an important effect on the academic 

achievement of students. Cooperative learning then does have an impact on student 

achievement which could mean cooperative learning could minimize alternative 

conceptions of students in chemistry.  

Cooperative learning affects the cognitive structures that influence understanding 

among the group member who are cooperating in learning concepts (Ajaja and 

Eravwoke, 2010). This learning strategy is very prevalent nowadays in all fields of 

study, e.g. astronomy, technology, basic research and others. Group interactions 

happening in cooperative learning motivate students to explain concepts related to the 

task at hand, hence learning is enhanced (Slavin, Hurley and Chamberlain, 2003). 

Students learn from each other during cooperative learning hence taking to heart each 

other’s learning through learning together, feedback, reinforcement and support of 

each other (Ajaja and Eravwoke, 2010) where understanding is maximized and 

alternative conceptions are minimized. 

Motivational perspectives (where task motivation is the most significant aspect of the 

procedure), social cohesion perspective (where achievement is mediated by the 

cohesiveness of the group), cognitive perspectives (where increased student 

achievement influences the mental processing of information) and structuring group 

interactions (where the team of students can be useful without any rewards) (Slavin, 

2015) are all beneficial aspects of the cooperative learning strategy. The most 

important perspective for teachers to address regarding alternative conceptions in 

chemistry seems to be the cognitive perspective because it focuses on learning the 

curriculum content. 

Cooperative learning encourages students to work together, share responsibilities, 

and learn in groups of differing abilities, which would hopefully lead to tolerance and 

acceptance of a mixture of characters (Burden and Byrd, 2013). Cooperative learning 
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is characterized by students working together in a coordinated way towards a common 

learning goal; reward for the whole group where each group is comprised of students 

of different abilities and cultures; and students having the opportunity to support each 

other throughout the learning process (Arends, 2012; Byrd, 2013). Cooperative 

approach encourages continuous and direct interaction and interaction among the 

group and individual and suitable interpersonal skills and reflection among students 

(Killen, 2013).  

Cooperative learning increases students’ independence from the teacher, and 

increases opportunities to learn more as a group. The level of concentration and 

commitment enhances learning among the group members. It is good for students’ 

future, since scientists of the 21st century are usually obliged to work collaboratively. 

The cooperative model of learning can be of assistance in teaching large classes as 

most South African schools are experiencing the challenge of overcrowded 

classrooms. 

Problem-based learning employs problem-solving techniques (Killen, 2015). The core 

of problem based learning comprises the presentation of realistic and situations that 

provide a base for investigation and inquiry. Problem based learning helps students 

grow their ability to think and solve problems, while the teacher’s role is to pose 

genuine problems, assist in the investigation, and support learning (Arends, 2012). It 

also involves the application of skills to achieve learning goals (Byrd, 2013). Most 

problem-based situations include data gathering, experimentation, hypothesis 

development, and solution analysis (Arends, 2012). The technique is commonly 

applied to practical investigations in South African schools. Killen (2013) mentions a 

number of benefits of the problem based learning approach: students engage actively 

with a purpose; it promotes students’ interaction and teamwork; it develops students’ 

critical thinking; students talk about concepts they do not understand; and it assists 

the development of qualities like resourcefulness, independence, patience and 

tenacity. 

Practical investigation techniques documented in CAPS encourages teachers to 

formulate questions that use the scientific process (Department of Basic Education, 

2011). The CAPS document for FET band was deliberately written to encourage 

engagement with the scientific process so that students are enabled to use the 
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scientific process to solve problems. This is a fine example of problem-based learning 

in the curriculum.  

Classroom discussion encourages students to learn and remember as the discussion 

develops (Burden and Byrd, 2013). Discussion also encourages students to verbally 

interchange and express their thoughts freely on a particular topic (Arends, 2012). 

Classroom discussion can range from small to big groups and from informal to formal 

class discussion(s), including the factor of being either teacher-centred or student 

oriented (Arends, 2012). Discussions give an opportunity to students to be active in 

the processing of information and understand other views (Burden and Byrd, 2013). 

When done properly, a discussion is a well-organized process of group interaction in 

which students share ideas, listen to each other’s views, express their own views, and 

apply their knowledge (Killen, 2015). According to Killen (2013), discussions assist 

students to link their existing knowledge to the knowledge at hand, in order to 

understand, let students realize a range of viewpoints, assist in developing meta-

cognitive skills, work together and develop a sense of identity.  

During classroom discussions, students engage in constructive arguments where they 

have the opportunity to resolve alternative conceptions. Kulatunga, Moog and Lewis 

(2013) propose that if students are arguing, and the argument involves an incorrect 

claim, students are able to correct themselves and reach a common understanding. 

Students are able to construct arguments using evidence and justification for whatever 

concept they discussing (Kulatunga et al., 2013).  Reaching a common understanding 

using evidence and justification would assist students to address their own alternative 

conceptions about electrochemistry. 

Classroom discussion needs to be managed properly by teachers, since uncontrolled 

groups can lead to unconstructive, chaotic noise. It could defeat the very purpose of 

learning. Discussions can develop student thinking and independent learning if well-

organized. Teachers may find themselves dominating the class discussion because 

of the need to manage students, thus defeating the aim of social constructivist theories 

on teaching and learning. Instead, teachers can assist with students’ discussion by 

collaboratively getting involved in an ongoing discussion in order to stimulate 

arguments on the concept at hand, which further facilitates addressing alternative 

conceptions in the subject. 
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Simulations and games are useful examples of the student oriented approach. 

Simulations replicate real situations or processes where situations are presented to 

students in a real or concrete form (Burden and Byrd, 2013). This might entail students 

modelling the real concepts, processes, or computer animations. A good example of 

a constructive computer simulation is one which displays the movement of electrons 

in the electrolytes of a galvanic cell. Students actually see what it explains, namely a 

visual representation making the concept a lot easier to absorb. 

Games involve students in competition that mimics a real situation or engages an 

individual student in a challenge to solve a problem that resembles a real situation or 

concept (Burden and Byrd, 2013). Games can hold students’ concentration longer 

than the usual time span, and encourage independent learning as well. Games are 

student-oriented, and learning involved is student-paced and might be faster than 

learning which is teacher-oriented. 

What simulations and games share is being awarded something desirable (Nilson, 

2016). Simulations make students to participate actively in learning and emotionally 

involved as well (Nilson, 2016). Managing to get students’ attention and retain it during 

learning through simulation is crucial (Padilla, Christopher, Lynch, Diallo, Gore, 

Barraco, Kavak and Jenkins, 2016). 

Simulations may afford students the opportunity to engage in the GEM (generate-

evaluate-modify) cycle with one learning session, an improvement on what can be 

achieved in a laboratory (Khan, 2011). Olakanmi (2017) reported on a flipped 

classroom where videos were used. The video watched in the classroom had both the 

teacher explaining and simulation of the rate of chemical reaction which facilitated a 

shift in the understanding of concepts in students. 

Students’ understanding at symbolic, macroscopic and particulate level 

representations is essential in chemistry, especially electrochemistry. Animated 

simulations are essential in student learning since they develop content learning. The 

common PhET (Physics Education Technology) simulations available online are of 

importance to learning for conceptual understanding (Moore, Chamberlain, Parson 

and Perkins, 2014). Farida, Helsy, Fitriani and Ramdhani (2018) undertook research 

on learning material with an aid of multiple representations; some of the learning 
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materials were video and animation. They discovered that teaching material (i.e. video 

and simulations) has the characteristic of connecting the stages of chemical 

representation using various modes of representation (Farida, Helsy, Fitriani and 

Ramdhani, 2018). The students were able to visualize the interaction among species 

at all the three stages. The PhET simulation on buoyancy was aimed to address 

alternative conceptions through the provision of visuals on buoyancy (Srisawasdi and 

Panjaburee, 2015). Computer simulations should address alternative conceptions 

about electrochemistry where microscopic particles and processes are simulated.  

Lehtinen, Nieminen and Viiri (2016) did a study on teachers’ opinions and attitudes 

towards simulations relative to their TPACK (technological pedagogical content 

knowledge). These researchers reported that technological content (TK) knowledge 

of teachers corresponded with the teachers’ beliefs and their opinions on the 

worthiness of simulations and integration in the learning of science. Individual 

inquisitiveness in technology possibly increased their view in their technological 

knowledge. The TPACK focus was on computer simulations. It appears that TK of 

teachers is necessary for the use of computer simulations in teaching. 

Plass, Milne, Homer, Schwartz, Hayward, Jordan and Barrientos (2012) reported on 

a study where the goal was to see if simulations in selected topics could make a 

positive impact on students’ learning. It was discovered that simulations were effective 

for students’ understanding and can enhance learning as well. Simulations based 

inquiry was combined with formative assessment in a study done in Thailand where 

results had shown that had enhanced better understanding in science - simulation 

based inquiry was better with formative assessment (Srisawasdi and Panjaburee, 

2015). Simulations and videos are important in addressing alternative conceptions in 

chemistry, specifically electrochemistry. 

An inquiry-based teaching approach gives the students an opportunity to explore 

content lesson, ask questions, as well make discoveries to let them opportunity to 

advance the students thinking (Arends, 2012; Burden and Byrd, 2013). Burden and 

Byrd (2013) couple inquiry learning with discovery learning as they occur 

simultaneously. Inquiry is explained as an open ended and creative in searching for 

knowledge, including the following steps: identify and clarify and problem; collecting 

information, analysing data in order to test that hypothesis; and make conclusions 
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(Burden and Byrd, 2013). These form part of the steps involved in practical 

investigation task as per the students’ assessments as detailed in CAPS document 

(Department of Basic Education, 2011). Arends (2012) explains an inquiry-based 

teaching approach as teaching that helps students to inquire on their own and develop 

the skills as mentioned by Burden and Byrd (2013). 

Arguments occur daily everywhere in our lives, be it at home, school, work or even 

when children or adults play. Arguments happen in everyday conversation when 

people either differ or do not understand the message passed by the other partner. An 

exchange of words happens until some consensus is reached between the parties 

involved. In the process parties learn from each other and even go further to consult 

with others for even better consensus and understanding.  

Osborne, Erduran and Simon (2004) attempted to draw a distinction between an 

argument on social and scientific matters and an argument on scientific matters. In 

socio-scientific matters where students can pull thoughts and information developed 

informally through their individual real-world experiences and their moral values, while 

a debate on scientific issues needs exact information of phenomenon and knowledge 

of some criteria for evaluating scientific evidence. Arguments also happen in formal 

learning where those learning try to understand phenomena.  

Berland and Reiser (2011) define argumentation scientifically as a social exercise 

where social members of the society understand a phenomenon under consideration 

where a claim is evaluated, critiqued, challenged and revised through discourse. 

Argumentation can also be defined as an exercise of creating, considering and 

comparing debated ideas (Moon, Stanford, Cole and Towns, 2016) among students 

where the teacher can be guiding through verbal questioning. Toulmin’s 

argumentation model confirms that argumentation comprise claims, proof that 

supports the claim, clarity of the claim and data, backing that supports basic 

assumptions of warrants, qualifiers and rebuttals (Osborne, Erduran, and Simon, 

2004). Evagorou and Osborne (2013) look at argumentation in terms of collaborative 

argumentation which refers to a dialogue that occurs where students work collectively 

on a joint undertaking of building and putting forward an idea. 
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Arguments are important in a science class since it engages cognitive activity. It 

involves reasoning by individuals as they express their thoughts; changes in their 

thinking influences their actions and arguments (Gultepe and Kilic, 2015). Berland and 

Reiser (2011) indicate that assisting students to challenge other students’ ideas in 

class would mean accepting ideas that are sound. Hence students can learn a 

phenomenon more easily with enhanced understanding than when they learn without 

argumentation. 

Cavagnetto (2010) affirms that when students engage in argumentation they develop 

communication skills, meta-cognition, thinking critically, understanding the way of 

doing science and science practice and scientific literacy. Argumentation also 

influences communication skills, meta-cognition, and critical thinking. Evagorou and 

Osborne (2013) take this concept further by emphasizing that students learn better 

from argumentation among themselves because they work cooperatively. 

Conceptual change and conceptual understanding are student oriented approaches 

that can be employed in chemistry to address alternative conceptions about 

electrochemistry. Conceptions are central to knowledge acquisition in the process of 

learning. Structured knowledge develops from concepts that are developed accurately 

in a hierarchical order during learning. When concepts are not learned effectively, 

alternative conceptions develop (Akkuzu and Uyulgan, 2016). There is no one 

definition of conceptual understanding; rather may be broadly explained. Holme, 

Luxford, and Brandriet (2015) tried to define conceptual change using the analogy of 

an elephant with expressions like transfer, depth, predict, problem-solving and 

translate. These three researchers proposed this definition of conceptual 

understanding after having done research on the understanding of chemistry 

instructors of conceptual understanding.   

Bayrak (2013) studied acid-base content knowledge of primary school students and 

alternative conceptions and discovered that students experience some difficulty in 

understanding concepts and bring their own acid-base alternative conceptions. 

Sanger (2000) engaged in research to address alternative conceptions about 

electrochemistry by employing animation and instruction based on conceptual change 

strategies. He discovered that chemical demonstrations did address alternative 

conceptions which had shown conceptual change.  
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The literature has revealed a number of sources of alternative conceptions around 

galvanic cell (Sanger, 1996). The sources include poor chemistry, oversimplification 

of concepts, misinterpretation of concepts in vernacular terminology, the use of a 

different chemistry model to explain the same concept (Chu and Hong, 2010) and in 

the matriculation examination (Nahum, Hofstein, Mamlok-Naaman and Bar-Dov, 

2004). 

Another study was conducted by Özkaya, Üce and Şahin (2003) to check the 

understanding of basic concepts in galvanic cell and electrochemistry by prospective 

teachers in Turkey. This research through the usage of a classroom as well laboratory 

instruction reported that teachers held alternative conceptions about electrochemistry 

as literature had reported. They were found to be, firstly students had difficulty in 

understanding half-cell potential, secondly there was also uncertainty about why the 

potential standard of hydrogen electrode is zero voltage, thirdly students think there is 

a relationship between the half-cell potentials and the spontaneity of the half-cell 

reactions, and others. 

Many studies were undertaken to deal the conceptual understanding in chemistry of 

both teachers and students. Teachers need to be conscious of the alternative 

conceptions held by students in electrochemistry when teaching for conceptual 

change (Sanger, 2000). Conceptual understanding plays a role to elimination of 

chemistry alternative conceptions. Conceptual understanding of a particular student 

leads to a shift in the understanding of concepts in chemistry which results in 

conceptual change.  

Sanger and Greenbowe (2000) in their preliminary results discovered that verbal 

conceptual questions suggest that conceptual change as a teaching strategy can 

dispel alternative conceptions about electrochemistry of students, e.g. that electrons 

flow in an electrolyte. Ahmad and Lah (2013) conducted a study to compare the 

differences in conceptual understanding of secondary school students in Malaysia, 

where it was discovered that the group that was used as an experiment performed 

well compared to the group that was used as a control. This study was conducted to 

find out whether the designed teaching tool (a designed teaching sequence) can 

improve conceptual understanding, specifically in electrochemistry. Talib, Matthews 

and Secombe (2005) conducted a study on the application of computer animated 
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teaching as a strategy for conceptual change to teach electrochemistry as compared 

to the lecture-based method of instruction. Students exposed to computer-animated 

instruction experienced a strong conceptual change in comparison with the traditional 

lecture-based instruction. 

2.5 CHALLENGES IN LEARNING CHEMISTRY  

Physical Sciences, with specific reference to chemistry – is an abstract subject which 

can be represented concretely with molecules and in symbols. Chemistry inclusive of 

electrochemistry, in particular, is difficult because it has abstract concepts that require 

understanding at macroscopic, microscopic and symbolic levels where chemical 

representation plays a role (Lee and Osman, 2012), and includes an understanding of 

concepts in electrochemistry. Getting to know the relationship among structure of a 

molecule of a compound with its observable properties is the fundamentals of 

chemistry (Murphy, Holme, Zenisky, Caruthers, and Kraus, 2012; Raker, Hole, and 

Murphy, 2013). Teachers can avoid alternative conceptions about electrochemistry if 

they have a sound, chemical picture of the processes of a galvanic cell.  

Students are often challenged to understand a relationship between structure and 

properties with regard to molecules (Underwood, Reyes-Gastelumb and Cooper, 

2016). Underwood, Reyes-Gastelumb and Cooper, (20160 discovered that it takes 

time for students registered in the normal curriculum to recognise chemical and 

physical properties that can be predicted by chemical structures. Unfortunately, many 

students experience difficulty to use such chemical representations to guess the 

properties of substances at the macroscopic level (Cooper, Corleyand Underwood, 

2013; Cooper, Groove, Grove, Underwood and Klymkowsky, 2010, DeFever, Bruce 

and Bhattacharyya, 2015). If students cannot understand redox reactions in 

electrolytes and how electrons move in the external path of a galvanic cell, they could 

be very likely to develop alternative conceptions about electrochemistry. 

Students and teachers must be familiar with the types of representation in chemistry, 

e.g. symbols, pictorial forms and the equations (Hoe and Subramaniam, 2016). This 

is in order to understand electrochemistry and to minimise alternative conceptions 

about electrochemistry of students. Getting into grips with these chemical 

representations will assist students to easily navigate the chemical reactions inside 

the cell, and enabling students to think qualitatively as well. Sevian and Talanquer 
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(2014) describe chemical thinking advancement and application of chemical 

understanding and chemical ways, for the sole purpose of analysis, synthesis, as well 

as changing matter for practical use. Visualisation at the level of molecules becomes 

central to grasping and clarifying the chemical phenomena (Hoe and Subramaniam, 

2016), and issues relating to this could be an alternative conception in chemistry. 

Teachers can take advantage of these processes in terms of addressing their 

students’ alternative conceptions.  

Considering that student reasoning equips teachers to evaluate the capability of 

students to reason and debate as scientist do (Berland and Reiser, 2011; Evagorou 

and Osborne, 2013) use of chemical representations and knowledge of student can 

assist teachers to teach towards addressing alternative conceptions about 

electrochemistry. Reasoning in students’ arguments can be properly evaluated by 

using the basis of chemical thinking (Sviaan and Talanquer, 2014. This framework is 

characterized by three chemical representations of matter that students must be able 

to navigate. 

Electrochemistry is also one broad topic that is not excluded from the learning 

difficulties in chemistry. A good chemical representation is also one of the basics in 

understanding concepts and reactions taking place in electrochemistry. 

2.6 TEACHING STRATEGIES TO TACKLE ALTERNATIVE CONCEPTIONS 

ABOUT ELECTROCHEMISTRY  

There is evidence in literature on a variety of strategies used for tackling alternative 

conceptions about electrochemistry. Researchers have tested such strategies and 

found them to yield positive results, and some professional teachers might have tried 

these strategies in order to address alternative conceptions they are aware of in 

electrochemistry. One of the sub-questions of this research tried to seek an answer 

was around the ways and means that teachers use to confront alternative conceptions 

they are aware of. This question sought to discover the strategies teachers use to 

address alternative conceptions about electrochemistry. Teachers, through their own 

experience, in-service training, involvement in professional bodies, and academic 

research literature, may develop and use their own instructional means to tackle 

alternative conceptions in chemistry. Burden and Byrd, (2013) refer to these strategies 

as ‘instructional strategies’. An instructional strategy is a way of teaching intends to 
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assist students to be able to achieve a learning outcome (Burden and Byrd, 2013). 

Teachers do encounter challenges in electrochemistry while teaching their various 

classes. They could assist students by using strategies derived from academic 

research, and from other sources. There is a range of strategies available on literature 

that were investigated and proved to be of assistance in addressing the alternative 

conceptions around galvanic cell during teaching and learning of electrochemistry.  

Huddle and White (2000) designed a sound model to explain electrochemistry which 

emphasizes addressing alternative conceptions about electrochemistry. The 

researchers modified the model to tackle alternative conceptions around galvanic cell 

from a BBC television Open University video on electrochemistry (Huddle and White, 

2000). It is a model that appears user-friendly, and very helpful in explaining the 

microscopic state of a galvanic cell. It is a tangible model similar to a teaching aid. This 

concrete model of teaching electrochemistry is one strategy that teachers could also 

use when trying to address alternative conceptions about electrochemistry (Huddle 

and White, 2000). 

Students are taken through the parts of the model one-by-one in order for them to 

know which parts represent parts of a real galvanic cell (Huddle and White, 2000). The 

merit of this strategy is that it takes the abstract concept of the microscopic 

components of a galvanic cell, and makes them concrete. It caters for a visual 

representation of a complicated concept, allowing better understanding by students. It 

then becomes easier to conceptualize the real processes, atoms and ions involved in 

the galvanic cell. The model is well designed that it has the least chance of portraying 

galvanic cell concepts with least increase of alternative conceptions around galvanic 

cell. Thus the model manages to minimize alternative conceptions and also enhance 

visualization of the electrochemical cell. 

Avargil, Bruce, Amar and Bruce (2015) have come up with a learning cycle with three 

phases known as CORE cycle – where C stands chemical observations, R stands for 

representations, E stands for and E stand for experimentation. This learning cycle is 

organized into phases that guide students through observations, development of 

representations and design and conduct practical work on the investigative question 

posed. However, this learning cycle relies heavily on analogical reasoning; and 

analogies have limits in their application to assist the understanding of core chemistry 
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concepts (Avargil et al., 2015). This is one of the learning cycles that teachers could 

use to address electrochemistry alternative conceptions, especially in terms of 

electrochemistry analogies.  

It was discovered that students who understand analogy are able to deduce a link 

between chemical observation and molecular thinking more easily. Students have 

shown that analogy benefitted them, especially tangible representations, and assisted 

them in thinking at molecular level. Students who were average could understand as 

well as engage in analogy through laboratory activities hence improved perception of 

concepts (Avargil et al., 2015). Teachers can use the CORE strategy to address 

electrochemistry alternative conceptions of students. 

A study was conducted by Karamustafaoğlu and Mamlok-Naaman (2015) in Turkey 

with first-year students. These researchers have come up with another recent three-

phase strategy commonly known as the POE strategy where P stand for predict, O for 

observe and E stands for explain. This strategy assists students to get involved in 

class discussions relying on their personal thinking about the concept at hand, which 

might assist them to address their own alternative conceptions, and perhaps even 

assist in preventing alternative conceptions from developing. The POE strategy is one 

of the strategies that researchers have used to address electrochemistry’s alternative 

conceptions. 

The POE strategy requires that students take part in three tasks; firstly, a tangible 

situation is presented to the students, and had to guess the outcome; and secondly, 

students are given a chance to conduct an experiment and are required to record all 

their observations; and lastly students are asked to discuss and resolve the 

discrepancy of their prediction and what they have discovered (Karamustafaoğlu and 

Mamlok-Naaman, 2015). The discussions among students – with some guidance from 

the teacher – assist students to revise their alternative conceptions about certain 

concepts and processes in electrochemistry. This method therefore also assists to 

eliminate students’ alternative conceptions due to the students’ engagement required 

in all three levels of thinking, namely prediction, observation, and explanatory 

discussion. The teacher must carefully plan and execute the presentation of the 

physical situation, because a poorly-performed presentation could result in more 

alternative conceptions being created in electrochemistry.  
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Lee and Osman (2012) developed a multimedia module that is interactive, coupled 

with pedagogy to help students understand electrochemistry in a better way and is 

known as EC Lab. The EC Lab strategy was tried out to find out the understanding of 

students of electrochemistry and its effect was determined by a test that was 

administered before and another test administered after (Lee and Osman, 2012). 

These researchers found that students were more science-oriented in their 

explanations of colour change in electrochemistry at the microscopic level. EC Lab 

may have some effect to address alternative conceptions about electrochemistry. 

Talib, Matthews and Secombe (2005) have studied the effectiveness of using 

computer animation to teach, and compared it to the conventional lecture-based 

method. These researchers used a qualitative approach where they pre-interviewed 

and post-interviewed two groups. One group used the traditional lecture method, and 

the other used the computer-animation-aided method.  

Talib, Matthews and Secombe (2005) findings revealed that individuals that used 

animation-aided teaching with a computer had an enhanced conceptual grasp than 

the other individuals that used the usual lecture method. This study confirms that 

computer animations can assist with addressing students’ alternative conceptions 

about electrochemistry. Computer animation successfully depicts a symbolic 

representation of the microscopic stage of matter Gilbert and Treagust (2009), 

especially in terms of concepts and processes within the galvanic cell.  

The findings on the use of computer animation, as mentioned above, indicated that 

students were scientifically engaged when explaining the colour changes encountered 

which relate to electrochemistry concepts at the microscopic level. The score in the 

student achievement increased due to the EC Lab strategy implementation (Lee and 

Osman, 2012). Animation and simulation could assist students to understand 

electrochemistry better at all three levels, especially since the topic is abstract in 

nature. Free simulations and interactive programs on different educational websites 

have proven to assist students in their understanding of concepts. Strategies like EC 

Lab could assist to addressing students’ existing alternative conceptions in 

electrochemistry, and might even prevent alternative conceptions from ever 

manifesting themselves within students’ conceptual structures. 
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Karsli and Ayas (2011) came up with a laboratory activity that uses the 5E learning 

model for instruction and improvement of scientific process skills in electrochemistry 

to address alternative conceptions in teaching chemistry to students. The model was 

improved with computer animations, and a text for conceptual change, worksheets, 

and practical activities. It was discovered that laboratory activity does improve student 

motivation and active participation during learning (Karsli and Ayas, 2011; Karsli and 

Çalik, 2012). The model, with its conceptual change technique, assists to rectify 

alternative conceptions and positively affect conceptual understanding (Karsli and 

Çalik, 2012).  

2.7 TOPIC-SPECIFIC PEDAGOGICAL CONTENT KNOWLEDGE (PCK) AND 

ALTERNATIVE CONCEPTIONS IN TEACHING CHEMISTRY 

Several researchers in the past have tried to provide possible solutions through a 

variety of studies and expertise in science education to the faced challenges. Topic-

specific PCK (TSPCK) could also be employed by teachers to tackle alternative 

conceptions about electrochemistry. 

Shulman (1986) explains PCK to be a portion of the teaching knowledge; it defines 

teachers’ capability to assist students to understand a topic in chemistry.  The vital 

factors of PCK are the use of knowledge representations; getting to grips with learning 

difficulties; the students’ conceptions and students’ preconceptions. Aydin, 

Friedrichsen, Boz and Hanuscin (2014) describe PCK as a compound construct that 

include interaction among different knowledge and belief components. Shulman 

began to shine some light on how to conceptualize learning challenges of students. 

Other researchers took the concept of PCK further. 

Rollnick and Mavhunga (2014) define PCK as a way of teaching a topic in chemistry 

through previous knowledge of students’, curriculum saliency, recognition of things 

that are difficult to teach, representations, and strategies for conceptual teaching. This 

means that when PCK is applied to a particular topic, it then takes the term topic-

specific pedagogical content knowledge (TSPCK). TSPCK helps teachers to take into 

account specific details of content knowledge of a topic relative to students’ previous 

knowledge; topic structure in terms of the utmost important main concepts (from 

secondary concepts); and as well as prior concepts necessary to teach each of the 



 

49 
 

main ideas (Mavhunga and Rollnick, 2014); in this instance the concept is 

electrochemistry.  

 Teachers need to have good, foundational knowledge of concept learning, concept 

teaching, as well as concepts in a particular topic, in order to conduct a successful 

concept lesson. (Arends, 2012). Mavhunga and Rollnick (2014) refer to this as topic-

specific PCK (TSPCK). Concept teaching involves selecting concepts; deciding on an 

approach to handle concept teaching components; defining concepts; analysing 

concepts; choosing and sequencing examples and non-examples; use of visual 

images; and use of graphic organisers (Arends; 2012). 

One way of addressing alternative conceptions in chemistry could be to teach towards 

addressing alternative conceptions even before they manifest. TSPCK is one way of 

looking at how teachers might address alternative conceptions of which they are 

aware. There could be different ways of teaching to address alternative conceptions 

under TSPCK, through teacher transmission approaches to teaching; and student 

oriented constructivist approaches to teaching. 

It is evident from the instrument (electrochemistry content knowledge test) – 

developed by Ndlovu in his master’s dissertation – that the address of alternative 

conceptions is linked to the teachers’ TSPCK (Ndlovu, 2012), since the content of the 

questions in the instrument appears to also address alternative conceptions. The 

teachers’ TSPCK could be the secret behind teachers overcoming the challenge of 

alternative conceptions in their classes during teaching before they even manifest. 

 2.8 STUDENTS’ ACHIEVEMENT IN CHEMISTRY 

The Education Department can only facilitate and introduce more teachers into a skills-

shortage area by helping Grade 12 candidates achieve 50% and above in 

Mathematics and Physical Sciences. Evidently, the questions on galvanic and 

electrolytic cells have continued to present difficulties for candidates, according to the 

final Grade 12 Physical Sciences results every year (Department of Basic Education, 

2014, 2015). The students’ achievement in the chemistry part of the Physical Sciences 

papers has continued to be unsatisfactory. It is essential – for teaching and learning 

to consider strategies and approaches that will empower teachers, and provide them 
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with ways to assist students understand certain concepts. This would serve best 

towards avoiding alternative conceptions around galvanic cell. 

Statistics show that the average electrochemistry achievement is unsatisfactory. The 

students’ achievement since 2011 is as follows: galvanic cell questions, 35% (2011), 

53.8% (2012), 29.4% (2013), 45% (2014), and 47.8% (2015) with a low average of 

42.2% in the past five years. For electrolytic cell questions, 25% (2011), 45.6% (2012), 

17.9% (2013), 33% (2014), and 33.2% (2015) with an even lower average of 30.9% 

for the past five years (Department of Basic Education, 2015). MST Academy schools 

were given a mandate to achieve a benchmark of 50% and it is still low. Although the 

students’ achievement in questions on galvanic cell increased from 45% in 2014 to 

47.8% in 2015 and does deserve a nod of approval, it remains below 50%. 

 

2.9 EFFECTS OF ALTERNATIVE CONCEPTIONS ON STUDENT 
ACHIEVEMENT 
Alternative conceptions are unintended ideas that may arise from teaching and 

learning material like textbooks and study guides, common language, scientific 

language, students’ understanding and the influence of social environment (Cho, 

Kahle and Norland 1985; Dermircioglu and Calik, 2009; Gokdere and Calik, 2010 in 

Karsli and Çalik, 2012). These researchers could not determine whether alternative 

conceptions are really related to the achievement of students in the examination. 

One of the research sub-questions is about investigating the relationship students’ 

alternative conceptions around galvanic cell and the students’ achievement in the 

examination (Dlamin and Ochonogor, 2017). A study conducted in Singapore used an 

improved setup of the two-tier instrument to study alternative conceptions in science 

education (Loh, Subramaniam and Tan, 2014). Even though the study concentrated 

on the improved setup of the two-tier instrument, it did not manage to establish whether 

students’ alternative conceptions are carried into the examination or not. Alternative 

conceptions about electrochemistry, might have yielded a negative effect on the 

achievement of students, which could be ascribed to the alternative conceptions of 

students and teachers. 

Another study was conducted in Turkey on teachers still in training in order to establish 

their understanding of certain chemistry concepts like matter and particles; gases; 

solutions; vapour pressure and boiling points; chemical equilibrium; bases and acids; 
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and electrochemistry included (Dindar, Bektas and Çelik, 2010). The teachers 

themselves had difficulty to explain the importance of the salt-bridge of the galvanic 

cell. One of the teachers still studying towards a teaching qualification, when 

explaining the understanding of the salt-bridge concept, had an obvious alternative 

conception of the use of the salt bridge. Others could not even provide a response on 

the usage of the salt bridge. This study made it quite clear that these pre-service 

teachers possessed alternative conceptions or had difficulty in explaining some 

chemistry concepts, one of which was electrochemistry (Dindar, Bektas and Çelik, 

2010).  

The alternative conceptions around galvanic cell of teachers could possibly be 

transmitted to students in class. It could also be possible that alternative conceptions 

about electrochemistry may further be reflected in examinations, where students’ final 

achievement could be affected. Again, the research of Bektas and Çelik (2010) was 

unable to check the effect of such alternative conceptions on students’ achievement. 

It was clear that those teachers (as per Bektas and Celik’s, 2010 research) had 

alternative conceptions even though they were qualified to teach. Such alternative 

conceptions appear to be passed on to students, which could eventually lead to poor 

achievement in examinations in electrochemistry.  

Dindar et al. (2010) further argued that other basic concepts, e.g. the particulate nature 

of matter, could affect subsequent grasp of other topics. Students will very likely have 

difficulty to grasp electrochemical concepts when their own teachers carry alternative 

conceptions, and find explaining basic concepts challenging. 

Another notable study was conducted on students’ understanding of the two types of 

computer simulations on the particulate-level – varying in the level of difficulty – 

representing the oxidation-reduction reaction of aqueous silver nitrate and solid copper 

metal. One level was a simplified level and the other complex. Students were asked 

to give explanations of the two animations. The study discovered that students 

exhibited errors in their explanations as a result of their alternative conceptions and 

misinterpretations (Rosenthal and Sanger, 2012), and possibly also had a lack of 

understanding. Students write examinations with such alternative conceptions which 

could lead to incorrect answers and eventually the alternative conceptions find their 

way to examinations thus affecting the student achievement. Alternative conceptions 
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of both teachers and students could be having an influence on students’ achievement. 

Another research conducted by Rosenthal and Sanger (2012) did not explicitly 

investigate the effect of discovered alternative conceptions about electrochemistry on 

the achievement of the students. 

A research study conducted by Ali (2012) in Pakistan high schools focused on 

chemistry teachers. These schools were a mixture of private- and government-

managed schools. This research sought to discover the most common difficulties that 

high school students encounter in chemistry classes; find the underlying causes of 

these difficulties; and propose possible solutions which would help teachers improve 

students’ experiences in chemistry classrooms. This research conducted in Pakistan 

did not put attention on the influence of alternative conceptions on the students’ 

achievement in the examinations. It revealed that teachers were unable to guide 

students through the difficulties they experience in chemistry. 

Furthermore, students’ most prevalent troubles in a chemistry class proved to be 

finding difficulty in showing an understanding of basic concepts in chemistry (Ali, 

2012). This could be a direct result of teachers having difficulty to explain certain 

chemistry concepts, therefore contributing to alternative conceptions of students in 

chemistry, and perhaps even compounding to other alternative conceptions. Again 

Ali’s (2012) research did not take a step further, and investigate the effect these 

difficulties on students’ achievement in their examinations. 

Yet another study was conducted in Turkey, where the understanding of basic 

concepts by prospective teachers of electrochemistry was investigated (Özkaya, Üce 

and Şahin, 2003). The education students examined were in their finishing year at 

Marmara University in Turkey. The study discovered new alternative conceptions, as 

well as confirming those already documented in previous literature. The study 

recorded that students have common difficulties, regardless of their country of origin. 

Secondly, it was noted that students are taught poorly in chemistry classes. The above 

research does not link its findings in any way to the examination achievement of 

students. 

A number of researchers (Ali, 2012; Dindar, Bektas and Celi, 2010; Loh, Subramaniam 

and Tan, 2014; Özkaya, Üce and Şahin, 2003; Rosenthal and Sanger, 2012) have 
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shown in their investigations the effect of alternative conceptions on teachers and 

students. It is clear that, while students may perform well in examinations, it does not 

mean they do not have inherent alternative conceptions around galvanic cell. Well-

performing students could perform even better if they could have some minimal 

alternative conceptions. Student teachers, as well as practising teachers, could have 

some alternative conceptions which might be affecting the students’ achievement in 

the examination. All the above mentioned researchers acknowledge the challenges 

faced in chemistry, their origins and possible ways to address them. None of the 

researchers have clearly shown the link between alternative conceptions or difficulties, 

and examination achievement. Alternative conceptions may have a hand in the quality 

of students’ achievement in the examinations. 

It is not only in South Africa where students’ achievement in chemistry is 

unsatisfactory. In Nigeria, achievement in chemistry is poor and has continued to be 

of great concern to teachers (Akpoghol, Ezeudu, Adzape, and Otor, 2016). 

Electrochemistry is one of the hard areas which the students had to cope with during 

examinations in Nigeria, as evident from the results of 2009 to 2014 (Akpoghol et al., 

2016). The challenge of poor achievement in electrochemistry is not a problem 

experienced by one African country only. 

The different strategies to teaching are an indication that even one single topic in the 

Physical Sciences, especially chemistry, might require several strategies to 

successfully convey concepts. All these strategies are possible solutions to the 

challenge of teaching electrochemistry to students in a particular concept. This implies 

that chemistry teachers and subject specialists need to be aware of the 

electrochemistry topics where students experience alternative conceptions; hence 

they should select and utilize teaching strategies that are suitable to tackle those 

alternative conceptions about galvanic cell. The efforts of teachers to address 

alternative conceptions may need explicitly to take into account the teaching 

approaches and strategies explained earlier. 

2.10. SUMMARY OF THE CHAPTER 

Literature review has been explored in different reports and books concerning the 

studies and concepts around learning in chemistry, as well as alternative conceptions 

in chemistry especially electrochemistry. This chapter discussed the conceptual 
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framework; alternative conceptions about electrochemistry spot on galvanic cell; 

approaches and strategies in teaching chemistry; challenges in learning chemistry; 

and strategies to address alternative conceptions about electrochemistry. The chapter 

has also discussed TSPCK in teaching chemistry, especially electrochemistry, 

students’ achievement and alternative conceptions about electrochemistry. 
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CHAPTER 3 

 RESEARCH METHODOLOGY  

3.1. INTRODUCTION 

The informants of the study, context of the study, research design and methodology, 

population and sample, instruments, analysis and interpretation, issues around 

reliability, validity and trustworthiness, and pretesting as well as ethical considerations 

are discussed in this chapter. 

3.2. RESEARCH PARTICIPANTS 

The research population of this research comprised Grade 12 teachers and students 

of the MST Academy schools. The research informants were specifically Grade 12 

students and teachers of the Physical Sciences class. Five schools were sampled from 

the MST Academy schools under the jurisdiction of Nkomazi Municipality. The 

chemistry topic that was investigated with the teachers and students was 

Electrochemistry with specific reference to galvanic cell. Alternative conceptions about 

electrochemistry spot-on galvanic cell were explored while trying to find ways in which 

teachers could address the challenge such alternative conceptions poses to learning.  

The methodology in this study is built on a conceptual framework which sought to 

answer the main research question and its research sub-questions from the sample 

of the Nkomazi Municipality. The conceptual framework is based on teaching 

strategies and approaches that could probably tackle alternative conceptions around 

the galvanic cell. There are teaching approaches that are teacher-oriented, and some 

are student oriented, while on the other hand there are teaching strategies. (Arends, 

2012) discussed in this research are mainly student oriented and based on 

constructivist theories of learning. The teaching strategies discussed are from the pool 

of research literature available in circulation. 

3.3 CONTEXT OF RESEARCH 

The research was done in the Mpumalanga Province at the Nkomazi Municipality 

which is adjacent to two neighbouring countries, Swaziland and Mozambique. The 

areas of the municipality predominantly fall under previously disadvantaged areas.  

The schools are located from the Malelane schools’ sub-district of the Ehlanzeni 
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District Municipality with Africans as the dominant race. Schools are in townships, rural 

areas and a mixture of township and farms. These schools are better resourced even 

though the Mpumalanga Department of Education has started to provide science and 

technology resources to them. The performance in these schools, judging from Grade 

12 results, is good in the former Dinaledi schools which are now adopted as MST 

Academy schools. The other set of MST Academy schools were included in 2014 as 

science-focused schools. These schools started introducing science streams 

gradually in Grade 10 from 2014. 

 

The Nkomazi Municipality from where these MST Academy schools are situated falls 

under six tribal authorities. The radius of these chieftaincy areas from the centre of the 

municipality is about 50 km on average and the as well diameter of about 100 km. This 

means these chieftaincy areas influence each other’s culture and practices with 

relative ease. The dominating languages are Siswati and Shangaan which are also 

spoken in neighbouring Swaziland (Siswati) and Mozambique (Tsonga referred to 

Shangaan).  

 

The target group of this research was the Grade 12 teachers and students from these 

previously disadvantaged schools that offer mathematics, science and technology 

subjects. This research had to gain some understanding and insight into the ways that 

teachers engage in to tackle alternative conceptions about electrochemistry with 

reference to galvanic cell, where some teachers may not have adequate access to 

technology to access research literature- in order to understand the challenges in 

chemistry teaching. 

 

3.4 RESEARCH SAMPLE AND POPULATION  

The MST Academy services 101 schools which are spread across the province. The 

population of this research was therefore the 101 MST Academy schools situated in 

Mpumalanga Province. It included all Grade 12 students of these schools and their 

Physical Sciences teachers offering science stream subjects. The sample was 

confined to the schools of the Nkomazi municipality that reasonably has small size of 

radius. 
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According to Maree (2007), stratified sampling uses homogeneous and non-

overlapping groups. All strata in a stratified sampling of the population are essentially 

of the same size (Leedy and Ormrod, 2010). The circuits of schools from the Nkomazi 

Municipality made up the five strata. Each school in a circuit was sampled which 

resulted in five strata that were representative of the MST Academy’s schools in 

Nkomazi Municipality. The second sampling technique chosen was a purposive 

sampling (Leedy and Ormrod, 2010) within each stratum in the Nkomazi municipality. 

Purposive sampling ensured that the MST Academy school was chosen from each 

stratum. One school from each stratum (which is a circuit) was selected. The strata 

were formed by five MST Academy schools with one school in each circuit as shown 

in Table 5. 

 

Table 5: Strata sampling: MST Academy schools 

Nkomazi Municipality 

MST Academy schools Circuits of schools 

MST Academy School one Circuit one 

MST Academy School two Circuit two 

MST Academy School three Circuit three 

MST Academy School four Circuit four 

MST Academy School five Circuit five 

The circuits of schools as established by the district office in Mpumalanga were chosen 

to be the strata in this research. The sample was limited to a minimum of five teachers 

as one school was sampled per circuit from the Nkomazi municipality with the 

exception School 3. In School 3 there were two teachers which made the teachers’ 

sample increase to six. A sample of students was actually all the Grade 12 students 

taking Physical Sciences. The qualitative data used the interviews of focused groups 

of students and the interview of all six teachers from the five schools as shown in Table 

6. There were two teachers from one school from the five. 
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Table 6: Sampling from the five schools 

MST Academy Schools  Number of teachers Number of students 

MST Academy school one  

Six  

 

171 MST Academy school two 

MST Academy school three 

MST Academy school four 

MST Academy school five 

 

A researcher may collect qualitative documents or artefact analysis, which may include 

newspapers, minutes of minutes, official reports and other private documents 

(Creswell, 2014). The trial examination scripts were collected from the five schools for 

the purposes of extracting marks from the galvanic cell question. The qualitative 

interviews can engage students in focus group interviews with six to eight interviewees 

(Creswell, 2014). This research had allowed seven students in a group. Conversations 

in small groups of six to seven participants permit for follow up questions since there 

could be individual questions that allow probing and clarification (Leedy and Ormrod, 

2010). The semi-structured interview of seven students per group was meant for 

students to feel free to talk and answer questions unlike. By contrast if there are too 

few students they may feel compelled to answer questions. Teachers were interviewed 

individually since there was at least one physical sciences teacher per school. 

 

The questions in the students’ interview schedule were designed for a semi-structured 

interview. All Physical Sciences teachers in Grade 12 who are teaching chemistry (i.e. 

Paper 2) were included in the sample. The teachers also had semi-structured 

interviews. All Grade 12 students taking Physical Sciences were given questionnaires 

to respond to and were also interviewed one by one. The Physical Sciences teachers 

were also given questionnaires to answer. Interviews of teachers and students were 

audio-recorded for transcription development later. 

 

Figure 5 below displays the quantitative sample part where the teacher questionnaire 

and the student questionnaire was administered. This study engaged a mixed method 

research approach where five schools were involved. 160 questionnaires were 
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collected back from students out of the total of 171 students’ questionnaires.  Six 

teachers’ questionnaires were also returned from all six teachers of the five schools in 

an attempt to answer research sub-questions 4 and 5 with their hypotheses, as 

discussed in the introduction of this chapter. Because the research context was the 

MST Academy schools in Mpumalanga, all participants in the research sample were 

part of this Academy. A total of 208 scripts of students’ trial examinations from five 

sample schools were accessed for analysis. The researcher was given copies of 

students’ scripts which were without student identification. The distribution of the 

research sources of information was as illustrated in Figure 3.  

 

Figure 3: Distribution of research sources of information 

Figure 3 shows the number and categories of the participants involved in this 

convergent mixed method design as per discussion in the previous paragraph.  

 

3.5 RESEARCH APPROACH AND DESIGN 

The philosophical stance of this research was based on a pragmatic approach which 

stems from pluralism. Pragmatism integrates positivism and interpretivism. Pragmatist 

view of epistemology views a phenomenon to have meaning that is observable and 

subjective, which afford satisfactory information in accordance with the research 

question (Creswell, 2014; Mertens, 2014; Wahyuni, 2012). The knowledge generated 

from this research is what teachers and students said in relation to the main research 

question, around which alternative conceptions they hold and which strategies and 

approaches are used to minimize such alternative conceptions. Knowledge was 
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therefore generated from teachers and students through questionnaires and 

interviews. Ontology is external in pragmatism and has multiple realities (Creswell, 

2014; Martens, 2014 and Wahyuni, 2012). The position of reality was around teachers’ 

and students’ own alternative conceptions, as well as teaching strategies and 

approaches that teachers use in their unique situations, based on their personal 

experience, expertise and professionalism. 

Axiology refers to part played by values in research and the stance of the researcher, 

leads to the selection of the appropriate mixed methods approach to best arrive at an 

answer to the main research question (Wahyuni, 2012). This approach is both 

objective and subjective in the interpretation of results. This research values both 

subjectivity and objectivity; hence the mixed-method approach was adopted. The 

teachers and students had common values as the sample came from the same 

municipality where similar practices occur. 

The pragmatic paradigm allows for both quantitative and quantitative data to 

understand reality. This paradigm considers knowledge to be specific to a certain 

context and specific to the needs of a particular community.  Human behaviour and 

thinking is complex and dynamic and not completely predictable (Creswell, 2014; 

Mertens, 2014; Wahyuni, 2012). This research studied a specific group of teachers 

and students from MST Academy schools who came from previously disadvantaged 

schools. This paradigm was perceived to be the best philosophical stance of the 

research. The research methodology and design were therefore chosen in line with 

the pragmatism paradigm. The methodology chosen in line with the pragmatism 

paradigm is the mixed method approach, which is elaborated in detail in the following 

paragraphs. 

The mixed method approach uses data from qualitative instruments and also data from 

quantitative instruments (Creswell, 2015; Leedy and Omrod, 2016) which was 

selected as being most suitable to study students’ and teachers’ alternative 

conceptions in electrochemistry in MST Academy schools. The research design used 

in this study was a convergent mixed method design which is one of the types designs 

of a mixed method approach (Leedy and Ormrod, 2016). The information to answer 

the key research question was generated from both quantitative and qualitative 

instruments of both teachers and students.  
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Data generated from both instruments were to identify known alternative conceptions 

around galvanic cell and unearth other fresh alternative conceptions around galvanic 

cell and data triangulation for both quantitative questionnaires and qualitative 

interviews.  Ngulube (2015) argues that triangulation is simply a technique that can be 

employed in any research approach, namely quantitative, qualitative and mixed 

method designs. Students’ questionnaire, teachers’ questionnaire, teachers’ interview 

and students’ interview were all methods employed to find convergence or divergence 

in the data as a way of triangulating the data. Triangulation was not used as the 

research design but as a technique to authenticate the data collected. 

The data from the quantitative questionnaires of students and teachers were further 

used to compare the data from teachers’ alternative conceptions and students’ 

alternative conceptions around galvanic cell. The comparison was done with inferential 

statistics by checking if there was any statistical relationship between the 

questionnaire marks of teachers and questionnaire marks of students, and the 

relationship between the scores of the trial examination of galvanic cell questions and 

the scores of the student questionnaire on alternative conceptions around galvanic 

cell. Pearson’s’ correlation coefficient (Maree, 2007) denoted by letter r was employed 

as a statistical technique to check the existence of relationships in terms of a 

correlation. Students’ questionnaires and teachers’ questionnaires were also used for 

the purpose of identifying the alternative conceptions of both the teachers and 

students. The questionnaire was designed from the known alternative conceptions and 

other alternative conceptions around galvanic cell that arose out of the researcher’s 

experience in the high school sector.  

The qualitative data from the teachers’ interview were analysed to find out ways which 

teachers use to tackle alternative conceptions around galvanic cell that they are aware 

of, since teachers do have some influence on students’ perspectives in their respective 

classes. The qualitative data was also used to find out alternative conceptions of 

teachers and students, compare them and triangulate the findings with the quantitative 

data. Figure 4 shows how data was collected and analyzed. These sets of data i.e. 

quantitative data and the qualitative data were gathered and analysed simultaneously. 

Analysis of the results of both quantitative and qualitative data were compared and 

triangulated as well as interpreted.  
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Figure 4: The gathering, analysis and interpretation of data 

  

3.6  INSTRUMENTS OF THE RESEARCH 

The data was collected through different sets of instruments, some are quantitative 

and others are qualitative in nature, as discussed in detail in the next paragraphs. A 

teacher’s questionnaire, student’s questionnaire, teacher’s interview and student’s 

interview, trial examination mark list and student’s answer sheet were used. The 

teacher’s questionnaire, student’s questionnaire, teacher’s interview and student’s 

interview had a portion to include some biographical information of the participant. 

 

3.6.1 Teacher and students’ questionnaires 

The teachers and students responded to paper-and-pencil questionnaires with 

confidence knowing that their responses were anonymous (Leedy and Ormrod, 2010). 

The Likert scale was used to establish students’ known alternative conceptions about 

Electrochemistry.  The rating scale was more useful for evaluation in a continuum and 

with the following options: strongly agree; agree; not sure; disagree; strongly disagree 

(Leedy and Ormrod, 2010), indicating the choices made by research participants. The 

purpose of the student’s and teacher’s questionnaire was to establish if there were still 

any teachers’ and students’ alternative conceptions around galvanic cell similar to the 

literature ones. Identified known alternative conceptions from students and teachers 

were later compared to the alternative conceptions around galvanic cell of both 

teachers and students from both questionnaires. 

Teachers’ and students’ questionnaires were designed to answer sub-research 

questions 1, 2, 3 and 4. The questions in the students’ and teachers’ questionnaires 

were basically the same. Questions were designed in accordance with the known 
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alternative conceptions around galvanic cell phrased in the form of statements. Each 

known alternative conception about electrochemistry had two statements. The first 

statement was correct and the second incorrect, which implies that all the odd-

numbered questions in the questionnaire were correct statements and all the even-

numbered statements were incorrect. 

The instructions to teachers were different from those of students even though the 

questions were identical. Students responded to the questions in the questionnaire by 

marking the provided choices of the given Likert scale. Teachers responded to the 

very same questions that students answered but they were told that these statements 

were made by students. They were then asked how the statements appealed to them. 

Teachers also responded using the same Likert scale. The complete samples of 

teachers’ and students’ questionnaires are attached in Appendix III and Appendix VI. 

 

A criterion rule was established in order to identify the specific alternative conceptions 

that teachers still had around galvanic cell. The options ‘agree’ and ‘strongly agree’ 

were joined into ‘agree’. Similarly, ‘disagree’ and ‘strongly disagree’ were combined 

into ‘disagree’ (Dlamin and Ochonogor, 2017). ‘Not sure’ response was maintained as 

it was. The average summary of Likert-scale choices was then computed into 

‘disagree’ and ‘strongly disagree’. If the percentage of ‘agree’ was below 51% then the 

conclusion would be made that teachers had a particular alternative conception 

around galvanic cell. The same rule was applicable when deciding alternative 

conceptions around galvanic cell of students as well. 

 

3.6.2 Teacher and students’ interview schedules 

The teachers’ interviews were designed to detect the teachers’ alternative conceptions 

around galvanic cell. Secondly, the interview was meant to discover teachers’ 

strategies to tackle alternative conceptions around galvanic cell. The teacher 

interviews were conducted specifically to answer sub-research questions 1, 2 and 3. 

Part one of the teachers’ interview questions were associated to the identification of 

alternative conceptions around galvanic cell according to literature for triangulation 

purposes with the alternative conceptions found in the teachers’ questionnaire. The 

second part of the questionnaires was designed to find out the following: (i) if there 
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were any unknown alternative conceptions around galvanic cell; (ii) if teachers were 

aware of any alternative conceptions around galvanic cell at all; (iii) if teachers were 

aware of any strategies useful to tackle these alternative conceptions around galvanic 

cell.  

 

Students’ interview questions were designed to find out students’ alternative 

conceptions around galvanic cell, in order to triangulate them with the alternative 

conceptions around galvanic cell discovered in the students’ questionnaire. Secondly, 

the questions were aimed to discover the existence of unknown students’ alternative 

conceptions around galvanic cell if any. Interview schedules of the students and 

teachers are attached in Appendixes I and II. 

3.6.3 Students’ examination scripts and mark list of trial examination 

A researcher may collect qualitative documents or analyse artefacts, which may 

include newspapers, minutes of minutes, official reports and other private documents 

(Creswell, 2014). The students’ trial examination scripts were collected with the mark 

lists. The students’ scripts and mark lists were meant to provide information to answer 

the research sub-questions 3 and 4. 

Student marks were compared to the achieved marks on galvanic cell question with 

the scores of students on galvanic cell from the student’s questionnaire. The students’ 

marks in the mark lists were compared with the actual marks in the student’s answer 

sheet. This document or artifact analysis was to establish the relationship, if any, 

between the levels of achievement in the student questionnaire in relation to the 

achievement in the trial examination. 

 

Table 7: Relationship between the research instruments and research sub-questions 

Instruments  Research sub-questions 

Teachers’ 

questionnaire 

1. What are teachers’ alternative conceptions around 

galvanic cell? 

2. What is the relationship between teachers’ and students’ 

alternative conceptions around galvanic cell in 

electrochemistry? 
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Students’ 

questionnaire 

1. What are students’ alternative conceptions around 

galvanic cell? 

2. What is the relationship between teachers’ and students’ 

alternative conceptions around galvanic cell? 

Teachers’ interview 

schedule 

1. What are teachers’ alternative conceptions around 

galvanic cell? 

2. In what ways do teachers tackle alternative conceptions 

around galvanic cell that are known to them? 

Students’ interview 

schedule 

1. What are students’ alternative conceptions around 

galvanic cell? 

 

3.6.4 Scoring the research Instruments 

Students’ and teachers’ questionnaires had 20 statements; odd numbers were correct 

while even numbered statements were incorrect. The scoring was as follows: strongly 

disagree (1), disagree (2), not sure (3), agree (4), and strongly agree (5) for each 

correct and incorrect statement. The ‘not sure’ option was included to cater for those 

who might not have the content knowledge related to the alternative conception asked. 

‘Not sure’ implied that the respondent is not certain because the respondent does not 

know at all or might not have learned or even forgotten the related content knowledge.   

 

The teachers’ scores and students’ scores were correlated using Pearson’s correlation 

as statistical technique for a possible statistical relationship between the two. The mark 

list recorded each student’s mark on the galvanic cell question of the trial examination. 

The students’ marks achieved in the students’ questionnaire and students’ 

examination mark were correlated as well using Pearson’s correlation statistical 

technique to find the relationship between the students’ level of achievement in the 

research questionnaire and the level of achievement of students in the trial 

examination (Dlamin and Ochonogor, 2017). 

 

3.7 DATA COLLECTION 

According to the 2016 Physical Sciences pacesetter of Mpumalanga Department of 

Education, electrochemistry was taught during two weeks at the end of August and 
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the beginning of September and the trial examination was scheduled to start 

immediately thereafter (Mpumalanga Department of Education, 2015). The data 

collection was completed just after the trial examination was written. 

Teachers and students were given questionnaires to respond to. After students and 

teachers had completed the questionnaires, interviews with teachers took place 

followed by the students’ interviews. This process happened for each and every school 

until all five schools were completed. The teacher was then requested to make copies 

of the students’ marked trial examination scripts without names on them. Only copies 

of the question on galvanic cell were made from the students’ trial examination scripts. 

The students’ and teachers’ questionnaires were administered to the students and 

teachers. 171 students from the five schools were given the questionnaire to answer. 

These questionnaires provided information for purpose of identifying the students’ 

alternative conceptions about galvanic cell. One teacher per school from five schools 

was also given the questionnaire to answer with the purpose of identifying teachers’ 

alternative conceptions around galvanic cell topic.  

The interviews of students and teachers were transcribed immediately after 

questionnaire was completed. Interviews with teachers were also for triangulation 

purpose with the alternative conceptions of teachers found from the questionnaire.  It 

was again to check for convergence and divergence of the data. One focus group of 

seven students was interviewed per school. A Grade 12 Physical Sciences teacher 

was interviewed per school except for one school where two teachers were 

interviewed, which makes the total of six teachers. The students’ interviews were to 

triangulate the students’ alternative conceptions found in the questionnaire of teachers 

and also detect any convergence or divergence from the data that were gathered.  

The alternative conceptions around galvanic cell of which teachers had the knowledge 

of their existence, were extrapolated from the teachers’ interview data. Teachers’ 

interview also explored ways which teachers engage in to tackle alternative 

conceptions around galvanic cell that they are aware of from their own professional 

experience.  
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Figure 5: Sequencing of data collection instruments 

Figure 5 outlines the collection of data from quantitative and qualitative sources up to 

data analysis and interpretation. The questionnaires were administered separately as 

were the interviews. Both questionnaires and interviews were analyzed separately, 

then compared and interpreted. 

 

3.8 ANALYSIS OF DATA AND ITS INTERPRETATION 

The data were analyzed and interpreted for each research sub-questions 1 and 2. Two 

instruments were used for these research sub-questions, namely the questionnaire 

and the interview schedule for both teachers and students.  Analysis of interviews is 

discussed in subsequent paragraphs. A bar graph was used to compare the frequency 

of the most prevalent alternative conceptions in both students and teachers. The next 

research sub-question 3 was answered through the null hypothesis 1 (H01). The third 

research sub-question was investigated through the questionnaire which was 

analyzed in order to find out the relationship between the students’ alternative 

conceptions around galvanic cell with the teachers’ achievement in the questionnaire 

on galvanic cell questions using the Pearson correlation coefficient. The research sub-

question 4 was also answered through a null hypothesis 2 (H02). The above fourth 

research sub-question was investigated through the marks obtained from the students’ 

questionnaire and the marks achieved by the students in the trial examination. The 

students’ alternative conceptions around galvanic cell from the questionnaire was 

compared with the alternative conceptions around galvanic cell from the trial 
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examination with the Pearson correlation coefficient. The entire quantitative analysis 

was done with computer software known as SPSS Statistics 21.   

 

The fifth research sub-question which was responded only to by means of qualitative 

interview questions. The fifth research sub-question was analysed qualitatively in the 

same way as research sub-questions 1 and 2.  Sub-questions 1 and 2 were also 

triangulated with teachers’ interviews and students’ interviews and also triangulated 

against the questionnaire data of both students and teachers. The interviews of both 

teachers and students were transcribed into an interview transcript. Transcription 

details is best done by the researcher as this gives the opportunity to include non-

verbal clues (Maree, 2007).  

 

The interview comprised a combination of audio recording and field notes. The 

transcribed data was then coded. Coding was done with an aide of computer software 

known as Atlas.ti. The researcher may prefer to develop codes as the data is being 

coded, called inductive coding, while a priori coding refers to the use of a set of code 

developed before the examination of the data (Maree, 2007). A priori coding was used 

for the identification of alternative conceptions around galvanic cell of both students 

and teachers; while inductive coding was used to identify the other galvanic cell’ 

alternative conceptions about electrochemistry as well as to discover the strategies 

that teachers use to address alternative conceptions around galvanic cell.  

 

Table 8: Coding 

Category 1 

Known alternative 

conceptions  

Category 2 

Other discovered 

alternative 

conceptions 

Category 3 

Strategies to address 

alternative conceptions 

 

 

A priori coding Inductive coding Inductive coding 
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Table 8 shows how the data was coded according to the main three categories in this 

research. Analysis of the qualitative data was through computer software as well. 

Table 9 is a summary of research questions, instruments and techniques.  

 

Table 9: Research sub-questions, instruments and techniques 

Main question: How can alternative conceptions about galvanic cell be addressed to 

improve students’ achievement? 

Question  Instrument  Technique  

1. What are the teachers’ 

alternative conceptions around 

galvanic cell? 

1. Quantitative 

questionnaire  

2. Interview schedule 

1. Histogram 

2. Tables  

3. A priori and 

inductive code 

analysis 

2. What are the students’ 

alternative conceptions around 

galvanic cell? 

1. Quantitative 

questionnaire   

2. Interview schedule 

3. What is the relationship between 

teachers’ and students’ 

alternative conceptions around 

galvanic cell? 

     

1. Quantitative 

questionnaire  

Pearson’s 

correlation 

coefficient (r) 

  

4. What is the relationship between 

students’ about alternative 

conceptions around galvanic cell 

and the level of achievement in 

galvanic cell questions? 

1. Quantitative 

questionnaire  

2. Trial examination 

analysis 

Pearson’s 

correlation 

coefficient (r) 

 

5. How do teachers tackle 

alternative conceptions around 

galvanic cell that are known to 

them? 

1. Interview schedule A priori and 

inductive code 

analysis  
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3.9 RELIABILITY, VALIDITY AND CREDIBILITY OF INSTRUMENTS 

Leedy and Ormrod, (2010) defines instrument validity as a tool which measures the 

extent to which it measures what it is intended to measure. Validity of content is about 

an extent to which the tool measures all the aspects of a particular construct it is 

supposed to measure (Maree, 2007). The students’ and teachers’ questionnaires; and 

the interviews of students and the interviews teachers were involved for the purposes 

of isolating the alternative conceptions around galvanic cell in electrochemistry for both 

students and teachers. Questionnaire items in the students’ and teachers’ 

questionnaires were generated and handed over to the specialist of Physical Sciences 

programmes of MST Academy and a teacher outside MST Academy who is well 

qualified and experienced in chemistry teaching to check on the quality of the Physical 

Sciences content knowledge. Both students’ and teachers’ interview questions were 

given to the same experts as mentioned above to check the Physical Sciences content 

knowledge as well.  

Leedy and Ormrod, (2010) explained construct validity as the level to which a construct 

is indirectly observed based on patterns of peoples’ behaviour. The teachers’ interview 

measured the construct validity of the teachers when dealing with alternative 

conceptions that they aware of even before entering the classroom. The students’ and 

teachers’ interview questions were also given to a Physical Sciences coordinator, a 

Grade 12 Physical Sciences teacher and a Natural Sciences coordinator who is a 

doctoral student and also a knowledgeable Physical Sciences teacher in qualitative 

research outside the MST Academy schools. 

Since the sample was fairly of average size and the research participants as well - the 

non-parametric tests were used instead of a parametric test in this convergent mixed 

method design. Cooper and Schinder (2003) indicate that non-parametric tests are 

used in testing of propositions in nominal and ordinal data. Reliability is the 

consistency of the instrument to measure by yielding the same results if repeated 

provided the characteristic under measurement has not been altered (Leedy and 

Ormrod, 2016). Cronbach’s coefficient is suitable to determine reliability specifically 

the internal consistency for a particular group of scales and test items (Field, 2009). It 

means, the reliability of some specified measurement refers to the amount to which it 

is a reliable measure of a view, and Cronbach’s coefficient is a technique to measure 
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the degree of strength of that consistency. The values that range from 0.7 to 0.8 are 

suitable to test for reliability (Field, 2009). The reliability tests done for the 

questionnaire items is provided in Table 10.  

 

Table 10: Cronbach's coefficient alpha 

Cronbach's coefficient Number of items  

0.710 20 

Each part as categorised by the questionnaire was scrutinized for internal reliability 

with Cronbach’s coefficient.  Cronbach’s coefficient alpha was calculated to be 0.710 

which implies a strong reliability since this value higher than 0.7. 

Internal reliability of the quantitative questionnaires of teachers and students was 

tested using Cronbach Alpha, which recorded 0.710. The results analysis from the 

quantitative data set was further supported by the qualitative results to ensure 

reliability of the instruments and vice versa. The students’ interviews, teachers’ 

interviews, students’ questionnaire and teachers’ questionnaire were triangulated with 

each other to ensure reliability. The instruments were also tested on both teachers 

and students outside the MST Academy schools before the real data collection took 

place. The next paragraph is an explanation of credibility which is also referred to as 

trustworthiness. 

Trustworthiness can be defined as a display of reputable proof of the findings that 

were reported and that the scientific discourse stems from the analysis of the results 

that are sufficiently considerable (Frank, 2010). Trustworthiness is mostly applicable 

in qualitative research. Trustworthiness was assured by using a variety of data 

collection instruments: individual teachers’ interview; semi-structured students’ 

interview in focus groups; students’ questionnaire; and teachers’ questionnaire. 

Liamputtong (2013) further asserts that triangulation is a powerful means aimed at 

strengthening credibility qualitative research.  

 

Field notes and interview transcripts were also used for triangulation together with the 

questionnaires and interview research instruments. Member checking was one 

strategy employed where the preliminary analysis was taken to the participants for 

their views and for what could have been omitted (Creswell, 2012). Expert checking 
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was done through the supervisor who is an authority in both research and content 

knowledge in electrochemistry. Physical Sciences teachers who were involved in pre-

testing were also consulted in terms of whether the questions were making sense.  

 

3.10 PRE-TESTING OF INSTRUMENTS 

Pretesting of research instruments occurred in this research because of the conditions 

surrounding the research. Firstly, the unit of analysis for this research involves Grade 

12 teachers and students, which whom the researcher was fortunate to be granted 

permission to conduct this research. Secondly, electrochemistry is taught only in 

Grade 12, according to the CAPS document. Thirdly, this topic is taught late in the 

year, from late August to the beginning of September, when schools are also preparing 

for the spring recess. The schools only became accessible after the spring recess 

within the first two weeks of October. The final examination started shortly after around 

October as well. Pretesting of instruments was also done within the above-mentioned 

time limit. 

The teachers’ and students’ questionnaire were therefore pretested in three schools 

that were not part of the sample. Both teachers and students were questioned about 

their own comprehension of the questions from the questionnaires and interview 

schedules. The questions in the questionnaires were later modified according to 

comments by students and teachers. This procedure was followed to pretest the 

students’ and teachers’ interview questions as well.  

3.11 ETHICAL CONSIDERATIONS 

Ethical issues include all issues related to respecting human dignity in accordance 

with human rights when dealing with people. Leedy and Ormrod (2010) mention a few 

aspects related to ethical issues, e.g. consent to participate in research, issues of 

safety of the participants and the assurance of privacy and confidentiality. This 

research had considered all of the above ethical issues. Ethical clearance was 

requested and received from UNISA. A letter from Head of Department (HOD) of 

Education to conduct research was received. The approval of letter by Head of 

Department (HOD) of Education was communicated to circuit managers, principals 

and teachers affected by this research undertaking.  
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A consent form for teachers was sent to the teachers concerned in the five sampled 

schools. The students’ consent form was also sent to the principals and teachers to 

request the affected students and their parents to sign as proof of participation in the 

research study. The questionnaires and interview schedules had instructions which 

covered most of the ethical issues. All the ethical issues as documented in the   

approval of the Mpumalanga Department of Basic Education and ethical clearance of 

the University. Such instructions appear in the questionnaire and interview schedules 

in Appendix I, II, III and VI. The instructions indicate respect for human dignity.  

The chapter four discusses analysis, interpretation and presentation of data for the 

two data sets which are qualitative and quantitative according to the mixed method 

approach. 

3.12. SUMMARY OF CHAPTER 

Chapter three discussed in full the research participants; research context; research 

sample and population; instruments of research; collection and analysis of data and 

interpretation of data; reliability, credibility, validity and ethical clearance.  
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CHAPTER 4 

 RESULTS AND DISCUSSION (PRESENTATION, ANALYSIS AND 

INTERPRETATION OF DATA) 

4.1. Introduction  

The preceding chapter outlined how this study was undertaken. This chapter presents 

the data on the qualitative and quantitative parts of this mixed method approach which 

employed a convergent mixed method design. The data presented in this research is 

analysed, interpreted and presented. The analysis and interpretation data of the 

quantitative part of this research is the first to be presented and the last part details 

the analysis of data and interpretation of data for the qualitative part of this research. 

The key driver of this research was to respond to the main question that provides 

information on the ways teachers tackle alternative conceptions about galvanic cell 

that they are aware of. This main question responded to through five sub-questions.  

The five research sub-questions are fully entertained in both data sets of quantitative 

and qualitative data designed based on the convergent mixed method design. Below 

are the discussions on presentation of data, analysis of data and interpretation of data 

precisely the quantitative part of this research. 

4.2. Data presentation, data analysis and data interpretation of quantitative 

data 

4.2.1. Introduction 

The first part deliberates on the quantitative data of both students and teachers in this 

research.  In this first part, the quantitative data from both teachers and students are 

presented, analyzed and interpreted. The research sub-questions 1, 2, 3 and 4 were 

answered through this data analysis and interpretation.  

The focus here is on the analysis of the quantitative data, which is described and 

captured in tables, illustrated with figures, represented in graphs and statistical 

techniques. The analysis of the research data and interpretation of the research data 

were presented here in chapter four.  The interpretations of data, the results were 

turned into important statistical conclusion. The outcomes of the research were 

analyzed, interpreted and presented as an attempt to respond to the above-stated 

research sub-questions. Success of this quantitative data interpretation was achieved 
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by scrutinising the data and inferring it as well, which were carried out in an orderly 

manner using appropriate statistical tools and programmes.  

 

4.2.2. Data collection instruments and participants 

Students and teachers completed the same instrument. The only difference was that 

students responded to the statements and teachers evaluated the statements that 

students had made; teachers were basically reacting to statements made by students. 

Teachers did this with the aid of the Likert scale. The instrument had two questions 

per alternative conception around galvanic cell. Students and teachers were requested 

to react to each pair of the questions linked to each alternative conception around 

galvanic cell These statements were deliberately scored with the Likert scale in both 

teachers’ and students’ questionnaires. Hence in this way, teachers were indirectly 

answering the same statements their students had answered.  

4.2.3 Statistical techniques and reliability statistics 

Ghauri and Gronhaug (2010) refer to the analysis of data as the practice of 

methodically using statistical and sound methods to define, summarise and match 

data. This provides sense to the data and allows better interpretation. Furthermore, 

the analysis of data can be defined as a procedure of decreasing huge quantities of 

collected data to filter through it.  (LeCompte and Schensul, 1999). It applies the 

intellectual understanding and interpretation of data that would have been gathered 

(Zikmund, 2003). Questionnaires completed by respondents were coded on Microsoft 

Excel 2013 and then entered into the statistical package IBM SPSS Statistics 24. The 

statistical means that were used to handle the data gathered included descriptive 

statistical techniques and bar graphs. 

4.2.4 Quantitative data of teachers’ responses on alternative conceptions 

around galvanic cell  

The descriptive statistics in Appendix XIII shows the analysis of the teachers’ 

responses per question. Appendix XIII displays the mean and the standard deviation. 

The standard deviation of teachers’ scores in the Appendix XIII ranges from 0.753 to 

1.975 from the means.  The highest deviation is approximately close to two which is 
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not a big deviation from the means. Appendix XIV shows the average of the pairs of 

questions in the teachers’ questionnaire. 

The following discussion concerns about the identified alternative conceptions around 

galvanic cell. Appendix VII shows the percentage of responses per question in the 

different Likert-scale levels. The different scale levels had basically agree, not sure 

and agree. This was expanded to include the other levels which were strongly 

disagreeing and strongly agree hence a Likert scale.  

‘Not-sure’ response demonstrates a lack of understanding; the participant has no 

understanding of the topic; thus it was not interpreted as an alternative conception 

around galvanic cell. ‘Not sure’ meant the participant had no idea about the particular 

concept of galvanic cell; ‘not sure’ in this research means that the respondents had no 

knowledge of the content of the particular topic in electrochemistry. 

Appendix VII was further summarised in order to identify the specific alternative 

conceptions around galvanic cell that teachers still had. At this stage of the options 

‘agree’ and ‘strongly agree’ were joined into ‘agree’. Similarly, ‘disagree’ and ‘strongly 

disagree’ were combined into ‘disagree’ (Dlamin and Ochonogor, 2017). ‘Not sure’ 

response was maintained as it was. This shows how the teachers responded to 

‘agree’, ‘not sure’, and ‘disagree’. Table 11 gives the percentage of responses on each 

alternative conception around galvanic cell. An average of the summarized Likert-

scale choices was then computed and summarised as in Table 11. 

Table 11: Percentage of Teachers responses on Alternative Conceptions around 

Galvanic Cell 

Code 
Alternative conceptions around galvanic 

cell 
Agree Not sure Disagree 

  % % % 

E1 Standard reduction table of potentials 

arranges metals by declining reactivity 

25.3 25 41.9 

E2 Only negatively charged ions are involved in 

the carrying  of current in the salt solutions 

and salt bridge 

41.7 41.7 16.7 
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E3 In a well-arranged table of electrode 

potentials, the metals with the highest 

negative E° value becomes  the cathode  

25 25 50 

E4 Anions and the electrolytic solution inside the 

salt bridge move electrons away from the 

cathode towards the anode  

41.7 8.4 50 

E5 Electrons travel through a salt solutions by 

being attracted to ions 

50 0 50 

E6 Whether an electrode is an anode or cathode 

is dependent on its location in relation to the 

other on the table of potentials 

50 0 50 

E7 The charge of the anode is positive since it 

has donated electrons; the charge of the 

cathode is negative since it has received 

electrons 

50 0 50 

E8 Electrons come in from the cathode to 

electrolyte, migrate across the electrolytes 

and salt-bridge to the anode and closes the 

circuit 

41.2 8.35 50 

E9 Electrons transfer within an electrolyte by 

affinity to the ions at the cathode hence 

conveyed by the very ions to the anode 

25 0 75 

E10 Ions from the electrolytes of the two half-cells 

travel across the salt-bridge 

50 0 50 

 

Table 11 of teachers’ responses is well summarized in a form of a graph as displayed 

in Figure 6. 
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  Figure 6: Bar graph showing percentage of teachers that agree or disagree with 

Alternative Conceptions around Galvanic Cell 

Some deductions made from Table 11 and Figure 6 is well presented. The inference 

was based on a comparison of the percentages of ‘agree’ and ‘disagree’.  According 

to the decision rule, if the percentage of ‘agree’ was below 51% then the conclusion 

was made that teachers had a particular alternative conception around galvanic cell. 

The following teachers’ alternative conceptions around galvanic cell were inferred from 

Figure 6 on quantitative data, where less than 51% ‘agree’ was recorded; hence those 

were considered as alternative conceptions.  

 E1 Standard reduction table of potentials arranges metals by declining 

reactivity 

 E2 Only negatively charged ions are involved in the carrying of current in 

the salt solutions and salt bridge 

 E3 In a well-arranged table of electrode potentials, the metals with the 

highest negative E° value become the cathode  

 E4 Anions and the electrolytic solution inside the salt bridge move electrons 

away from the cathode towards the anode  

 E8 Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit 
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 E9 Electrons transfer within an electrolyte by affinity to the ions at the 

cathode hence conveyed by the very ions to the anode 

 

50% of the teachers were found to ‘disagree’ in the sample in the following alternative 

conceptions: 

 E4 Anions and the electrolytic solution inside the salt bridge move electrons 

away from the cathode towards the anode  

 E5 Electrons travel through a salt solution by being attracted to ions 

 E6 Whether an electrode is an anode or cathode is dependent on its location 

in relation to the other on the table of potentials 

 E7 The charge of the anode is positive since it has donated electrons; the 

charge of the cathode is negative since it has received electrons 

 E8 Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit 

 E10 Ions from the electrolytes of the two half-cells travel across the salt-

bridge 

 

Some alternative conceptions around galvanic cell had a relatively higher number of 

teachers (25–42%) who chose ‘not sure’.  

 

 E1 Standard reduction table of potentials arranges metals by declining 

reactivity 

 E2 Only negatively charged ions are involved in the carrying of current in 

the salt solutions and salt bridge 

 E3 In a well-arranged table of electrode potentials, the metals with the 

highest negative E° value become the cathode  

 

‘Not sure’ meant that the respondents did not have knowledge of the subject content 

in galvanic cell. There are three alternative conceptions above under ‘not sure’ where 

this research assumes that teachers did not have knowledge in galvanic cell. 

Otherwise teachers still held all alternative conceptions around galvanic cell even 

though some at 50% agree on some alternative conceptions. The next paragraph 

discusses alternative conceptions around galvanic cell that were still held by students. 
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4.2.5 Quantitative data of students’ responses on alternative conceptions 

around galvanic cell 

The descriptive statistics in Appendix XV reflect the analysis of the students’ 

responses per question. It displays the mean, and the standard deviation. There were 

about 160 questionnaires from students that were analysed. 

The standard deviation of students’ scores per question as shown in Appendix XV 

ranges from 1.132 to 1.581.  The highest deviation is approximately close to 1.6 which 

is not a big deviation from the other means. Appendix XVI shows the average of the 

pairs of questions in the students’ questionnaire. 

 

The discussion below explains in-depth how the alternative conceptions around 

galvanic cell were identified. The percentage of responses per question in the different 

Likert-scale levels of students’ responses which are strongly agree, agree, not-sure, 

disagree and strongly disagree were well summarised, as shown in Table 12. The 

Likert scale items was condensed into three, which are agree, not sure and disagree. 

The options ‘strongly agree’, and ‘agree’ jointly formed ‘agree’. ‘Not sure’ was 

maintained and ‘strongly disagree’ and ‘disagree’ were collectively combined into 

‘disagree’. Table 12 shows the percentage of ‘strongly disagree’, ‘Not sure’ and 

‘disagree’ responses on each alternative conception around galvanic cell. 

 

Table 12 shows how the students responded to ‘agree’, ‘not sure’ and ‘disagree’. The 

table gives the percentage of responses on each alternative conception. An average 

was then computed and summarised in Table 12.  

Table 12: Percentage of correct student response on each alternative conception 

Code Alternative conceptions  Agree Not sure Disagree 

  % % % 

E1 Standard reduction table of potentials 

arranges metals by declining reactivity 

35 13.2 52 
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E2 Only negatively charged ions are involved in 

the carrying  of current in the salt solutions 

and salt bridge 

42.3 11.9 46 

E3 In an well-arranged table of electrode 

potentials, the metals with the highest 

negative E° value becomes  the cathode  

46.7 6,3 48.2 

E4 Anions and the electrolytic solution inside the 

salt bridge move electrons away from the 

cathode towards the anode  

41 10.3 40.3 

E5 Electrons travel through a salt solutions by 

being attracted to ions 

34.7 24.4 41 

E6 Whether an electrode is an anode or cathode 

is dependent on its location in relation to the 

other on the table of potentials 

40 14.4 45.6 

E7 The charge of the anode is positive since it 

has donated electrons; the charge of the 

cathode is negative since it has received 

electrons 

42.9 8.5 48.8 

E8 Electrons come in from the cathode to 

electrolyte, migrate across the electrolytes 

and salt-bridge to the anode and closes the 

circuit 

32.5 22.4 45.1 

E9 Electrons transfer within an electrolyte by 

affinity to the ions at the cathode hence 

conveyed by the very ions to the anode 

33.8 20 46.2 

E10 Ions from the electrolytes of the two half-cells 

travel across the salt-bridge 

36.6 16 47.6 
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Figure 7 clearly shows the percentages of ‘agree’, ‘not sure’ and ‘disagree’ in each 

alternative conception around galvanic cell as captured in Table 12. 

 

 

Figure 7: Bar graph showing percentage of students that agree or disagree with 

Alternative Conceptions around Galvanic Cell 

Inferences made are in Table 12 and Figure 7. The inference that follows was based 

on a comparison of the percentages of ‘agree’ and ‘disagree’.  The criterion rule states 

that alternative conception around galvanic cell would be considered existing if, and 

only if, the percentage of ‘agree’ was below 51% as deduced form Figure 9. The 

following students’ alternative conceptions around galvanic cell were inferred from 

Figure 9, where less than 51% ‘agree’; hence they were considered as alternative 

conceptions. The following students’ alternative conceptions around galvanic cell were 

then generalized from the quantitative data set:  

 E1 Standard reduction table of potentials arranges metals by declining 

reactivity 

 E2 Only negatively charged ions are involved in the carrying of current in 

the salt solutions and salt bridge 

 E3 In a well-arranged table of electrode potentials, the metals with the 

highest negative E° value becomes the cathode  
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 E4 Anions and the electrolytic solution inside the salt bridge move electrons 

away from the cathode towards the anode  

 E5 Electrons travel through a salt solution by being attracted to ions 

 E6 Whether an electrode is an anode or cathode is dependent on its location 

in relation to the other on the table of potentials 

 E7 The charge of the anode is positive since it has donated electrons; the 

charge of the cathode is negative since it has received electrons 

 E8 Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit 

 E9 Electrons transfer within an electrolyte by affinity to the ions at the 

cathode hence conveyed by the very ions to the anode 

 E10 Ions from the electrolytes of the two half-cells travel across the salt-

bridge 

It is clear from Figure 7 that students still held all nine alternative conceptions, inclusive 

of the new one E10. There were no students found to ‘agree’ or ‘disagree’ at a level of 

50%. The following are alternative conceptions around galvanic cell where students 

appeared ‘not sure’. The following are alternative conceptions around galvanic cell. 

Although students scored a high percentage (between 20 and 25%) of ‘disagree’, they 

still recorded a relatively high percentage of ‘not sure’:  

 E5 Electrons travel through a salt solution by being attracted to ions 

 E8 Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit 

 E9 Electrons transfer within an electrolyte by affinity to the ions at the 

cathode hence conveyed by the very ions to the anode 

 

The students’ and teachers’ quantitative data discussed in the preceding paragraphs 

provided evidence that teachers and students did have common alternative 

conceptions around galvanic cell. Below is the list of alternative conceptions around 

galvanic cell that are common to both students and their teachers: 

 E1 Standard reduction table of potentials arranges metals by declining 

reactivity 
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 E2 Only negatively charged ions are involved in the carrying of current in 

the salt solutions and salt bridge 

 E3 In a well-arranged table of electrode potentials, the metals with the 

highest negative E° value becomes the cathode  

 E4 Anions and the electrolytic solution inside the salt bridge move electrons 

away from the cathode towards the anode  

 E8 Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit 

 E9 Electrons transfer within an electrolyte by affinity to the ions at the 

cathode hence conveyed by the very ions to the anode 

` 

According to evidence presented by this research so far, teachers’ alternative 

conceptions around galvanic cell were discovered to be alike with those of students. 

The students’ and teachers’ quantitative data discussed in the preceding paragraphs 

provided evidence that teachers and students did have common alternative 

conceptions around galvanic cell. Section 4.2.6 refers to students’ and teachers’ data 

on the relationships between teachers’ and students’ alternative conceptions around 

galvanic cell, students’ alternative conceptions and students’ achievement in the 

examination, as captured by two null hypotheses of this research. 

 

4.2.6  Teachers’ and students’ inferential statistical data  

The questionnaires given to teachers and students were identical. The only difference 

was the instructions on the questionnaires. Teachers were asked to evaluate the 

statements that were supposedly made by students using a Likert scale while students 

were requested to respond to Likert scale statements. The students’ and teachers’ 

questionnaire were administered on the same day. Pearson’s correlation was 

employed to analyze these data. Below is a formula for calculating the Pearson 

correlation coefficient: 

𝑟 =
𝑁 ∑ 𝑋𝑌 − (∑ 𝑋)((∑ 𝑌)

√[𝑁 ∑ 𝑋2 − (∑ 𝑋2)][ [𝑁 ∑ 𝑌2 − (∑ 𝑌2)]
 

(www.socscistatistics.com) 

The statistical symbols in full are: 
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 r = Pearson correlation coefficient  

N = Quantity of the pairs of marks 

X = teachers’ marks 

Y = students’ marks  

∑ = total  

Each symbol in the equation is given in full for what it stands for above (Levin and Fox, 

2007). 

According to Levin and Fox, (2007) Pearson correlation is an extent to which the 

strength of a linear relationship between two variables is measured. If the value of the 

Pearson correlation (r) is equal to positive one it means the relationship between the 

two variables is a perfect positive one, while values of negative one (-1) means the 

relationship is a perfect negative relationship (Levin and Fox, 2007). 

This research tested the correlation between the teachers’ mark on alternative 

conceptions and the students’ mark on alternative conceptions around galvanic cell. It 

also compared the Pearson correlation between the students’ alternative conceptions 

around galvanic cell with achievement of students in galvanic cell question in the 

examination. The relationships are clearly shown by the two hypotheses stated below: 

H01: There is no statistically significant relationship between teachers’ and students’ 

scores on alternative conceptions around galvanic cell.  

H02: There is no statistically significant relationship between the students’ scores on 

alternative conceptions around galvanic cell and their achievement in the examination. 

However, there are requirements that should be met when using Pearson's correlation 

coefficient. The requirements are as listed below: 

  Measurement is suitable for interval or ratio scale  

 There should be normal distribution  

 It must be a linear relationship  

 The data must not have outliers  

     (www.socscistatistics.com) 

http://www.socscistatistics.com/
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This research considered all the above requirements to be met when employing 

Pearson’s correlation. The quantitative data of the questionnaires were analyzed and 

interpreted towards answering this hypothesis: 

H01: There is no statistically significant relationship between teachers’ and students’ 

alternative conceptions around galvanic cell.  

This hypothesis was tested by analyzing data collected from both teachers and 

students. The students were requested to respond to each pair of questions based on 

an alternative conception around galvanic cell. Table 13 below is the data for 

responding to H01. 

 

Table 13: Teachers’ versus students’ alternative conceptions around galvanic 

cell 

SCHOOLS NUMBER OF 

TEACHERS 

TEACHERS’ 

SCORES (X) 

STUDENTS’ 

SCORES (Y) 

School A 1 74 61 

School B 2 75 54 

School C 3 64 68 

School C 4 55 68 

School D 5 67 60 

School E 6 75 56 

 

4.2.7 Discussion of the correlation between the alternative conceptions 

students and teachers 

The first part of this discussion centres on the following hypothesis: 

H01: There is no statistically significant relationship between teachers’ and students’ 

scores on alternative conceptions around galvanic cell. 

 

Six teachers and 160 students were part of this research. The students’ questionnaire 

scores were averaged into one score per school. The teachers’ questionnaire scores 

were then made to correspond with their students’ average score of the questionnaires 

of the whole class. This was done in order to ensure that the X and Y values are equal 
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in number.  The graphs show the normal distribution of the two sets of data, i.e. scores 

of teachers from the questionnaire and average scores of students’ questionnaire per 

school. These distributions are normal hence the Pearson correlation coefficient was 

used to test the hypothesis. Data that resulted in the development of the distribution 

curves in Table 13. 

 

Scores distribution: Student 

questionnaires (average of students per 

class N = 6) 

Score distribution: Teacher 

questionnaire (N = 6) 

 
 

Figure 8: Distribution curve of students’ and teachers’ scores   

Figure 8 clearly illustrates the distribution of the students’ and teachers’ scores of the 

quantitative questionnaire. The students’ distribution of scores ranges from 43.52 to 

78.8 while the teachers’ distribution scores range from 44.36 and 92.3. These 

distribution Figure 8 both show normal distributions, which meets one of the 

requirements for use of the Pearson correlation coefficient.  

 

Appendix V shows the mean, variance and other statistical manipulations of teachers’ 

and students’ scores of the questionnaires. Figure 8 plots a connection that may exist 

between the students’ and teachers’ marks on alternative conceptions around galvanic 

cell. 
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Figure 9: Scatter plot of distribution of teachers’ and students’ questionnaire scores 

Figure 9 shows a strong negative correlation between the questionnaire’s scores of 

students’ and teachers’ on alternative conceptions.  

Appendix VI shows all the calculations of Pearson correlation. The Pearson correlation 

was calculated to be -0.86, which indicates that there is a strong correlation that 

implies a high variable scores of X corresponds with low variable scores of Y and the 

opposite being true as well. The coefficient of determination (r2) is 0.74 while p-value 

is 0.027 with a level of significance of p < 0.05.  The first null hypothesis was then 

rejected. It was then concluded that there is a statistically significant relationship 

between teachers’ and students’ alternative conceptions around galvanic cell. 

 

A strong negative correlation between the students’ and teachers’ scores on 

alternative conceptions around galvanic cell existed, since the r is closer to 1. Hence 

as the teachers' scores of alternative conceptions tend to increase, the students’ 

alternative conceptions decrease. This relationship could be pure coincidence. It can 

be deduced that the level of students’ alternative conceptions cannot be compared 

with that of teachers’ alternative conceptions around galvanic cell since a relationship 

could not be established but coincidence. The alternative conceptions around galvanic 

cell may not necessarily be transmitted to students by teachers since the correlation 

is negative. This means it is coincidental that such a relationship exists.   

 

This research could not establish a relationship between the students’ and teachers’ 

alternative conceptions around galvanic cell. Therefore, students’ alternative 
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conceptions around galvanic cell may not always originate from teachers. The next 

paragraphs discuss the analysis of the second hypothesis, which concerns the 

relationship between students’ alternative conceptions and students’ achievement in 

the examination.  

 

4.2.8 Discussion of the relationship between students’ alternative conceptions 

around galvanic cell and examination achievement 

A common trial examination was written by all students in Mpumalanga Province 

inclusive of the MST Academy schools. The trial examination was set and moderated 

provincially by a specialist in Physical Sciences. It was from this trial examination that 

the marks of the questions on galvanic cell were extracted for data analysis. The 

analysis of the data as well as testing of the second hypothesis was done based on 

Table 14.  

Table 14: Relationship between student examination and student questionnaire 

Relationship between student exam and 

student questionnaire  

 Exam marks X Questionnaire 

marks Y 

1 50 65 

2 14 58 

3 50 55 

4 29 66 

5 43 50 

6 50 70 

7 21 75 

8 29 51 

9 14 56 
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10 14 66 

11 36 80 

12 21 64 

13 43 53 

14 21 68 

15 50 66 

16 50 62 

17 71 53 

18 29 63 

19 29 48 

20 7 75 

21 14 53 

22 7 67 

23 14 51 

24 29 67 

25 0 43 

26 50 78 

27 43 65 

28 7 66 

29 43 66 

30 14 69 

31 43 68 

32 0 57 
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33 7 56 

34 14 60 

35 14 59 

36 0 58 

37 36 61 

38 21 55 

39 14 64 

40 7 56 

41 7 72 

42 29 61 

43 29 65 

44 36 67 

45 43 58 

46 50 41 

47 50 53 

48 36 58 

49 36 73 

50 7 72 

51 21 72 

52 50 41 

53 58 50 

54 43 61 

55 36 55 
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56 43 59 

57 36 50 

58 36 44 

59 64 54 

60 86 84 

61 15 47 

62 43 52 

63 50 59 

64 29 49 

65 36 49 

66 58 69 

67 14 46 

68 58 68 

69 78 37 

70 43 68 

71 86 53 

72 58 28 

73 0 50 

74 7 68 

75 36 63 

76 29 67 

77 14 84 

78 14 68 
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79 29 74 

80 0 64 

81 21 69 

82 29 75 

83 0 64 

84 36 71 

85 50 66 

86 14 65 

87 36 68 

88 58 75 

89 50 74 

90 21 89 

91 43 75 

92 14 66 

93 14 61 

94 21 57 

95 0 71 

96 29 72 

97 79 84 

98 86 58 

99 43 73 

100 71 54 

101 43 81 
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102 29 74 

103 7 52 

104 64 66 

105 43 58 

106 64 46 

107 86 48 

108 100 60 

109 36 68 

110 43 74 

111 86 79 

112 29 72 

113 67 59 

114 64 71 

115 64 47 

116 57 54 

117 7 66 

118 86 32 

119 36 61 

120 43 74 

121 43 50 

122 50 53 

123 71 66 

124 50 80 
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125 79 33 

126 86 67 

127 43 62 

128 21 64 

129 43 59 

130 43 69 

131 26 65 

132 43 70 

133 14 60 

134 29 63 

135 2 54 

136 5 51 

137 12 61 

138 6 53 

139 9 54 

140 5 63 

141 6 49 

142 13 54 

143 5 61 

144 7 71 

145 7 58 

146 14 46 

147 86 54 
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148 14 62 

149 7 45 

150 7 49 

151 14 47 

152 0 57 

153 14 54 

154 7 51 

155 0 49 

156 14 57 

157 7 61 

158 7 65 

159 43 68 

160 36 52 

 

The results of the second hypothesis are discussed, which is: 

 H02: There is no statistically significant relationship between students` level of 

alternative conceptions around galvanic cell and their examination achievement in 

galvanic cell.  

Figure 10 displays the normal distribution of students’ marks of the trial examination 

and the marks of the questionnaires of students’ alternative conceptions around 

galvanic cell. These distributions are normal distributions hence the Pearson 

correlation was employed to test the second hypothesis. The data that were used to 

analyse the statistical information are attached in Appendix XI.   
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Students exam marks (N =1 60) Student questionnaire scores (N = 160) 

 
 

Figure 10: Distribution curve of students and examination scores 

The scatter-plots of normal distribution above are plotted from the trial examination 

scores of the students and the students’ scores of the questionnaire. The scatter-plots 

are normal distribution which is one of the conditions to employ the Pearson 

correlation. Appendix XI shows the mean, standard deviation, variance, median, mode 

and variance of the students’ questionnaire and examination scores. 

The relationship that could exist between alternative conceptions around galvanic cell 

and achievement of students on galvanic cell in the examination is plotted in Figure 

11. 

 

Figure 11: Scatter-plot of students’ examination and questionnaire scores 

The scatter-plot in Figure 11 illustrates a weak or an absence of a relationship 

between the trial examination marks of students and the scores on the students’ 

alternative conceptions around galvanic cell. Some other variables could have an 

influence on the achievement in the trial examination and not the students’ 

alternative conceptions. Appendix XI shows the calculations of Pearson’s correlation. 
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Pearson’s correlation was calculated to the value of -0.0218, which is a very weak 

negative relationship. 

 

The value of the Pearson’s correlation coefficient was close to zero therefore the 

relationship was not strong. The coefficient of determination value was 0.0005 while 

p-value was 0.792 so there was no statistical significance at p < 0.05. The second 

hypothesis was accepted hence there is no statistically significant relationship 

between students` alternative conceptions around galvanic cell and the student 

achievement in examination results. That implies that there is no relationship between 

students’ alternative conceptions and their achievement in the galvanic cell questions 

of the examination. This implies that students’ alternative conceptions around galvanic 

cell may not affect their achievement in the examination even though they might have 

originated from teachers. Alternative conceptions around galvanic cell could still be 

passed from teacher to students and eventually be reflected in the examination but 

this may not necessarily translate to poor achievement in the examination. 

 

This means that the students’ alternative conceptions may infiltrate into the 

examination but may not have an effect on their achievement; other factors could 

affect students’ achievement in the examination. For example, this research was 

conducted during school recess when students were occupied with other matters.  

 

These paragraph summaries the quantitative data analysis. The H01 findings proved 

that there is no relationship between teachers’ and students’ level of alternative 

conceptions around galvanic cell. H01 tested a strong negative relationship which gives 

the same interpretation as a strong positive relationship. It suggests a coincidence 

because as teachers’ scores rose, students’ scores dropped even though there was a 

strong statistical relationship between the scores of teachers and students on 

alternative conceptions around galvanic cell. H02 tested no significant relationship 

between the alternative conceptions of students and their achievement in examination 

of galvanic cell questions. There is no relationship at all. This then implies that 

students’ alternative conceptions around galvanic cell may not necessarily affect their 

achievement in the examination even though they may be infiltrated through to the 

examination.  



 

99 
 

It then appears from the tested hypotheses that the alternative conceptions held by 

teachers around galvanic cell may not always be transferred to students and 

eventually affects their achievement in the examination. Alternative conceptions 

around galvanic cell could only infiltrate into the examination. The next section 

presents the analysis and findings of qualitative data of both teachers and students. 

The data will then be triangulated against each other. 

 

4.3 Qualitative presentation of data, qualitative analysis of data and 

qualitative interpretation of data set 

4.3.1 Overview  

This discussion centres on the qualitative information provided by this research of the 

convergent mixed method research design. This qualitative data attempted to respond 

to the next three sub-questions: 

1. What are the teachers’ alternative conceptions around galvanic cells? 

2. What are the students’ alternative conceptions around galvanic cells? 

5. In what ways do teachers tackle alternative conceptions around galvanic cells that 

are known to them? 

 

Qualitative data analysis was done with an aid of a software program called Atlas.ti. 

Priori and deductive coding of data was employed in the Atlas.ti computer software. 

Two interview transcripts were analyzed: teachers’ transcript and students’ transcript.  

Teachers’ and students’ interviews were analysed. The teachers’ transcript was 

created from the interview recordings for each teacher. Secondly, the students’ 

transcripts of the students’ interview recording were written down as transcripts. The 

interview narratives of both teachers and students were developed where the themes 

and emerging themes were analysed. The transcript narrative model started by the 

teachers’ interview transcript narrative and was then followed by the student’s 

interview transcript narrative. 
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Table 15: Interview transcript narrative 

 

 

 

 

 

 

 

 

The model shown in Table 15 was followed when analysing the qualitative data. The 

data were analysed from the transcripts of teachers and students as well as the 

researchers’ notes. There were six individual interviews of teachers and five sets of 

focus group interview of students. Teachers’ data was analysed from the teacher 

transcripts according to the pre-determined themes and emerging themes. Student 

data was later analysed as well according to the pre-determined and emerging 

themes. The interview transcripts of both teachers and students were first made from 

the audio recording. The whole qualitative analysis was done with computer software 

known as atlas.ti. The priori codes of the pre-determined themes were then fed in the 

atlas.ti software. The inductive codes for emerging themes were also created as the 

researcher interacted with the data on the atlas.ti computer software. 

 

The teachers interviewed in this study were between the age of 26 and 47. The 

teaching experience of teachers varied from 4 years to 15 years of teaching in Physical 

Sciences. The teachers were all experienced in teaching Physical Sciences grade 10 

to 12 in the Further Education Band (FET). There were three female teachers and 

three male teachers as well. 

 

The students were all in grade 12 in their final year of high school. The students’ ages 

were ranging from 17 years to 19 years of age. It was a mixture of female students 

and male students. The students were taking pure Mathematics and physical Sciences 
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not mathematical literacy. Both teachers and students were willing to participate in the 

study. They were free to answer and elaborate broadly on questions asked. This was 

a very encouraging aspect about these research participants since it was easy to 

gather data that is original to the reality about the condition on the ground. Interviews 

were carried out in a classroom for students and laboratory for the teachers with 

minimal noise since it was spring recession 

 

4.3.2 A priori data coding  

A priori data coding was done for coding the pre-determined themes of this research. 

A set of codes can be developed for a set of codes for qualitative data, which is known 

as a priori coding (Maree, 2007). A priori codes were assigned before the research 

instruments were developed. The codes from E1 to E10 were assigned to the 

alternative conceptions around galvanic cell as shown in Table 16. All the alternative 

conceptions around galvanic cell were coded according to knowledge of the existence 

of alternative conceptions that were already known from literature. The priori code 

information of the alternative conceptions around galvanic cell was coded as chosen 

from literature according to the Grade 12 diagnostic reports, the researcher’s own 

experience of marking Grade 12 Physical Sciences examination papers, and the 

experience of the interaction with teachers. Table 16 shows the a priori codes in full. 

Table 16: Coded alternative conceptions around galvanic cell  

Code  Alternative conceptions  

 

Alternative 

conceptions’ 

literature codes 

E1 Standard reduction table of potentials arranges metals by 

declining reactivity 

8b 

E2 Only negatively charged ions are involved in the carrying  of 

current in the salt solutions and salt bridge 

10fa 

E3 In an well-arranged table of electrode potentials, the metals 

with the highest negative E° value becomes  the cathode  

8a 

E4 Anions and the electrolytic solution inside the salt bridge move 

electrons away from the cathode towards the anode  

10b 
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E5 Electrons travel through a salt solutions by being attracted to 

ions 

2h 

E6 Whether an electrode is an anode or cathode is dependent on 

its location in relation to the other on the table of potentials 

8c 

E7 The charge of the anode is positive since it has donated 

electrons; the charge of the cathode is negative since it has 

received electrons 

11b 

E8 Electrons come in from the cathode to electrolyte, migrate 

across the electrolytes and salt-bridge to the anode and 

complete the circuit 

10a 

 

E9 Electrons transfer within an electrolyte by affinity to the ions at 

the cathode hence conveyed by the very ions to the anode 

2i 

E10 Ions from the electrolytes of the two half-cells travel across the 

salt-bridge 

Not in the coded 

list  

Source: Garnett and Treagust (1992) 

The above table give codes of each and every alternative conceptions as studied in 

this research. The codes of alternative conceptions around galvanic cell were 

applicable to both data of teachers and students as well (E1 to E10). The table shows 

two codes. The codes with letter E were developed for this research while the other 

codes were codes of known alternative conceptions around galvanic cell as recorded 

in the literature. This study used codes with E to refer to the different alternative 

conceptions around galvanic cell.  

 

4.3.3 Inductive coding data 

Inductive codes were generated as the researcher was interacting with the qualitative 

data. The Table 17 shows the codes of alternative conceptions around galvanic cell 

that were coded as the data was being analysed by the researcher. Teachers’ data 

revealed alternative conceptions around galvanic cell held by students as per their 

perspective as teachers from their daily interaction with their students.  In Table 17 

alternative conceptions of students according to the teachers’ perspective were coded 

inductively. 
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Table 17: Students’ alternative conceptions according to teachers’ perspective 

 Teachers’ perspective of Alternative 

conceptions(ACs) 

Students’ alternative conceptions 

deduced from teachers’ perspective  

AC1:  Inability to identify anode and cathode The cathode and anode are alike 

AC2:  Inability to identify gaseous electrode 

 

Gaseous and solid electrodes mean the 

same idea 

AC3:  Confusing a hydrogen electrode with any 

other gaseous electrode 

Any electrode is a gas is a hydrogen 

electrode 

AC4:  Confusing cell notation with cell reaction 

 

Cell notation and cell reaction are 

synonymous 

AC5:  Inability to use electrodes with basic 

concepts (like anode, cathode, oxidation, 

reduction, etc.)  

Electrode is the complete half-cell 

   

AC6:  Electrons  transfer  across the electrolyte  

inside the salt-bridge 

Electrons flow across the salt-bridge 

AC7:  Ions transfer  across the salt bridge  Ions travel across the salt bridge  

 AC8:  Confuse the reaction in galvanic cell 

between endothermic or exothermic 

reaction 

No AC deduced 

AC9:  Tend to memorise that the positive 

electrode is cathode and the negative 

electrode is anode 

No AC deduced 

AC10 Cannot change the EMF by means of 

changing the concentration of the 

electrolytes 

EMF is independent of concentration 

 

The inductive codes were part of the questions that attempted to respond to research 

sub-questions 1 and 2, which are: What are the alternative conceptions of students 

around galvanic cell? What are the alternative conceptions of teachers around 



 

104 
 

galvanic cell? Inductive coding is part of the sub-research question that attempted to 

answer sub-question number five which addresses helps to finds ways teachers use 

to address alternative conceptions they are aware of.  

Inductive coding that was used to code teaching strategies employed by teachers to 

tackle alternative conceptions around galvanic cell in their day-to-day teaching. 

Teaching strategies teachers used to tackle alternative conceptions around galvanic 

cell were inductively coded. Inductive codes were assigned as the researcher was 

interacting with the interview transcriptions of the teachers and students. Teaching 

strategies were further grouped into approaches during the inductive coding process. 

 

The inductive codes were generated as both teachers’ and students’ data were being 

analyzed. The teaching strategies and teaching approaches shown in Table 18 were 

highlighted as those employed by teachers in their lessons to tackle alternative 

conceptions around galvanic cell. Table 18 shows the inductive codes generated as 

data analysis proceeded. 

Table 18: Table of codes: Teaching strategies 

Teaching approach Teaching strategy 

Teacher-centred  TS1: Demonstration 

TS 2: Direct instruction  

TS 3: Drill  

TS 4: ‘Prompts’ 

Student oriented TS 5: Group work  

TS 6: Discussions 

TS 7: Experiment 

TS 8: Simulations 

TS 9: Videos 

TS 10: Analogy  

TS 11: Graphical representation 
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All names of teachers used in this research were pseudo names. The pseudo names 

of the six teachers were: Sipho, Sonu, Anjana, Polan, JC700. and Kireka. Some of the 

above operational terms in this research are explained as follows:  

 Teaching approach is concerned with broader teaching where the teaching 

centres either around the teacher or the students; 

 Teaching strategy is a very specific tactic to deal with a particular topic in order 

to avoid alternative conceptions; it can either assume a teacher-centred 

approach or student oriented approach; 

 Graphical representation is defined as the use of a sketch or diagram to 

explain what happens in an experiment, e.g. a galvanic cell; 

 Analogy is teacher-centred strategy where a teacher uses similar concepts to 

explain a concept; 

 Prompt is a way or means teachers use to help students anchor or easily 

remember learned content. 

 

The presentation, analysis and interpretation of data from the interview transcripts of 

teachers are discussed in the next paragraphs. 

 

4.3.4 Data presentation, Data analysis and Data interpretation of transcripts for 

teachers 

Data discussed here is based on teachers’ interviews and had to answer the research 

question: ‘What are teachers’ alternative conceptions around galvanic cell?’ This 

section presents data on teachers’ alternative conceptions around galvanic cell from 

a priori and inductive coding of teachers’ data. The results were presented and 

analysed on teachers’ alternative conceptions, students’ alternative conceptions 

around galvanic cell according to the viewpoints of teachers, and strategies of teaching 

that teachers use to tackle students’ alternative conceptions around galvanic cell in 

their classes.  

4.3.4.1. Teachers’ alternative conceptions around galvanic cell 

The paragraphs below attempted to answer the following research question: What are 

the students’ alternative conceptions around galvanic cell?  It was revealed from the 

teachers’ quotations that these alternative conceptions E1, E5, E7, E8 and E10 existed 
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among teachers. Here are a few teachers’ quotations in support of the concept that 

teachers held alternative conceptions around galvanic cell: 

Sipho and Kireka (i.e. teachers) on alternative conception E1 (The table of electrode 

potentials arranges metals by declining reactivity) indicated these respectively:  

The one that is on the bottom is less reactive than the one at the top which is more 

reactive in table B. 

 

When you check the table (i.e. table of standard reduction electrode potential) there it 

tells us that the order of arrangement of elements corresponds with the rate of 

the reaction. 

 

The above statements made by the two teachers showed the existence of alternative 

conception E1. 

Other teachers (i.e. Anjana, Sipho and Polan) expressed their views respectively on 

alternative conception E10 (Ions from the electrolytes of the two half-cells travel across 

the salt-bridge) around galvanic cell: 

In a galvanic cell we know that the anode is oxidation and the cathode is reduction. 

Oxidation means is the loosing of electrons and reduction is the gaining of electrons. 

In the external circuit electrons are transferring from anode to cathode and at the same 

time the electrons will not flow across the salt bridge to keep electrical neutrality and 

even to make the circuit whole. The ions move across the salt bridge. 

 

In other words, if we do not have a salt bridge we can see that we have a gap there. 

The salt bridge will close the gap. So the ions will move across the salt bridge. 

 

The electrons flow in the outer circuit, but the transfer of ions is across the salt 

bridge only. 

 

These teachers’ quotations above prove that teachers still had alternative conceptions 

around galvanic cell. Figure 12 displays a summary of the frequency of quotations that 

the six teachers uttered in each alternate conception around galvanic cell:  
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           Number of quotations in relation to Alternative Conceptions 

 

Figure 12: Teachers’ alternative conceptions around galvanic cell 

Figure 12 shows that about five alternative conceptions around galvanic cell were held 

by teachers, i.e. E1, E5, E7, E8 and E10 even though mostly at 50% and below. 

Teachers were found not to hold alternative conceptions around galvanic cell in the 

following: E2, E3, E6 and E9. It appears that out of the ten known alternative 

conceptions around galvanic cell from literature, there were four that are still being 

held by teachers, i.e. E1, E5, E7 and E8.  Alternative conception E10 was the highest 

alternative conception around galvanic cell held by teachers as shown in Figure 12.  

The alternative conception (E10) appeared to be the most prevalent among teachers. 

Teachers appeared to believe that Ions are transferred from the one half-cell 

compartment to the other compartment by passing across the salt-bridge to keep 

electrical neutrality (E10) as shown by teachers’ quotations displayed earlier. Ions 

cannot move across the salt-bridge from one cell compartment to the other cell 

compartment since the electrolyte in the salt bridge is prepared to be very 

concentrated. The ions inside the salt bridge can only diffuse towards the 

compartments of the two half-cells from the region of high concentration of ions in the 

salt bridge to a region of low concentration in the cell compartments. 

The second highest alternative conception around galvanic cell among teachers was 

E1 (Standard reduction potentials table arranges metals by declining reactivity). 

Teachers seemed to confuse the arrangement of elements in the standard reduction 
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potentials table between the oxidizing and reducing ability arrangement with the 

arrangement according to reactivity. This is supported by the teachers’ quotations 

cited earlier. 

The alternative conceptions around galvanic cell with the lowest frequency among 

teachers were E5 (Electrons move in an electrolyte by being attraction force of ions), 

E7 (The charge of the anode is positive since it has donated electrons; the charge of 

the cathode is negative since it has received electrons) and E8 (Electrons come in 

from the cathode to electrolyte, migrate across the electrolytes and salt-bridge to the 

anode to complete the circuit).  

Teachers seemed not to retain alternative conceptions around galvanic cell on the 

following: E2 (Only negatively charged ions are involved in the carrying  of current in 

the salt solutions and salt bridge); E3 (In table of standard reduction potentials, 

elements with the most negative electrode potential value is the cathode); E4 (Anions 

and the electrolytic solution inside the salt bridge move electrons away from the 

cathode towards the anode); E6 (Whether an electrode is an anode or cathode is 

dependent on its location in relation to the other on the table of potentials); and E9 

(Electrons transfer within an electrolyte by affinity to the ions at the cathode hence 

conveyed by the very ions to the anode). It appears that teachers had finally 

understood the correct understanding behind these alternative conceptions around 

galvanic cell. Table 19 summarises the alternative conceptions around galvanic cell 

that teachers had according to this research. 

 

Table 19: Alternative conceptions around galvanic cell held by teachers 

Code Teachers’ alternative conceptions around galvanic cell 

ACs: 

literature 

code 

E1 Standard reduction table of electrode potentials arranges metals 

by diminishing reactivity 

8b 

E5 Electrons travel through a salt solutions by being attracted to 

ions 

2h 
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E7 The charge of the anode is positive since it has donated 

electrons; the charge of the cathode is negative since it has 

received electrons 

11b 

E8 Electrons come in from the cathode to electrolyte, migrate 

across the electrolytes and salt-bridge to the anode and 

complete the circuit 

10a 

 

E10 Ions from the electrolytes of the two half-cells travel across the 

salt-bridge 

Not in the 

code list 

 

The tenth alternative conception (E10) was not in Garnett and Treagust (1992) list, but 

it also existed among teachers. E10 is a new alternative conception around galvanic 

cell to Garnett and Treagust (1992) list, according to the findings from the teachers’ 

qualitative data. 

 

4.3.4.2. Alternative conceptions of students around galvanic cell from teachers’ 

perspective 

This study had shown that teachers were aware of certain alternative conceptions held 

by their students around galvanic cell. Teachers were asked to state alternative 

conceptions around galvanic cell held by their students that they were aware of as 

teachers. Several of these alternative conceptions around galvanic cell brought 

forward by the teachers are listed in Table 20. The students ACs are accompanied 

with quotations from teachers. This research also properly deduced alternative 

conceptions around galvanic cell from the teachers’ conceptions.  
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Table 20: Alternative conceptions (AC) of students according to teachers’ perspectives 

Students’ ACs 

from teachers’ 

perceptive 

Students’ ACs 

deduced from 

teachers’ perspective  

Some quotations from teachers’ transcript 

AC1: Inability to 

identify anode 

and cathode  

AC 1: The cathode and 

anode are alike 

‘Learners cannot recognize the anode and 

cathode’ – Anjana 

‘Learners have difficulty to recognize the anode 

and cathode.’ – Sipho 

‘The other alternative conception is the way 

they identify the anode and cathode. Even if 

you emphasise the importance of using the 

electrode potential value, they still use other 

ways to identify anode and cathode. This leads 

them to get the incorrect EMF because of 

identifying the anode and cathode wrongly. 

That is one area where they always have a 

problem.’ – Polan 

AC2: Inability to 

identify 

gaseous 

electrode 

AC2: Gaseous and solid 

electrodes mean the 

same idea 

‘If the reference electrode is a gas, it becomes 

a big challenge for learners. They use platinum 

(inert electrode), instead of taking the gaseous 

electrode. Platinum only provides a surface’ – 

Anjana 

‘Some learners write a cell notation incorrectly 

for a gaseous and liquid electrode. Learners 

write it the normal way as the solid electrode 

format, i.e. anode, salt bridge, cathode and 

they know it is metal and metal ion. The 

problem is when they are given a liquid or gas 

like chlorine or hydrogen, because these are 

the two are used common ones’. – Polan   
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AC3: Confusing 

a hydrogen 

electrode with 

any other 

gaseous 

electrode 

AC3: Any electrode 

which is a gas is a 

hydrogen electrode  

 

 

‘Some learners always use the reference 

electrode hydrogen (0.0) when they are given 

oxygen or fluorine as electrodes. Learners 

mistake oxygen or fluorine electrodes for 

hydrogen electrode. Even those who get level 

7, they use hydrogen instead of oxygen’ –

Anjana 

AC4: Confuse 

cell notation 

and cell 

reaction 

AC4: Cell reaction and 

cell notation are 

synonyms 

‘They confuse cell notation and cell reaction. 

When they are asked cell notation they give 

cell reaction and when asked cell reaction they 

write cell notation.’ – Anjana 

‘Some learners write a cell notation incorrectly 

for a gaseous and liquid electrode. Learners 

write it the normal way as the solid electrode 

format, i.e. anode, salt bridge, cathode and 

they know it is metal and metal ion. The 

problem is when they are given a liquid or gas 

like chlorine or hydrogen, because these are 

the two are used common ones. Even if they 

know the purpose of using platinum, they still 

write platinum as an electrode while writing a 

cell reaction. They still use the same rule that 

they use with other metal electrodes.’ – Polan 

‘There are some alternative conceptions and 

mistakes that learners often make, especially 

the cell notation for gaseous electrode – 

learners get confused. Like this time in the trial 

examination they have asked oxygen gaseous 

electrode.’ – Sonu 

AC5: Inability of 

the usage of 

electrodes with 

basic concepts 

(like anode, 

AC5: An electrode is the 

complete half-cell in a 

galvanic cell. 

   

‘The use of electrode potential with basic 

concepts like oxidising agent, reducing agent, 

reduced, oxidised and all these four are 

confusing. All metals are oxidised and a metal 

ion is reduced, because when you say 
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cathode, 

oxidation, 

reduction, etc.) 

oxidising agent it is the ability to lose electrons, 

so the ability to lose electrons means 

undergoing oxidation. Some learners 

understand that metal is known as an oxidising 

agent.’ – Polan 

AC6: Electrons 

travel through 

the salt-bridge  

AC6: Electrons flow 

across the salt-bridge 

‘Most learners think electrons transfer 

through the salt bridge.’ – JC700 

AC7: Ions move 

through the salt 

bridge (same as 

E10 in table 

4.1) 

AC7: Ions move through 

the salt-bridge 

‘Ions migrate from one compartment to another 

compartment, which is not possible if we define 

diffusion.’ – JC700 

AC10: Cannot 

change the 

EMF by means 

of changing the 

concentration of 

the electrolytes 

AC 10: EMF is 

independent of 

concentration 

‘One other challenge is identifying how the 

EMF can be changed (decrease or increase) 

by means of changing the concentration of 

ions. This is to be answered on the basis of Le 

Chaterlier’s principle. They have to know the 

overall reactions when they write the net cell 

reaction. They must know by increasing the 

concentration; for example, if you are using a 

zinc-copper cell, they have to know that if you 

increase the concentration of copper ions 

according to Le Chaterlier’s principle what 

reaction is going to be favoured. Automatically 

the reverse is going to increase just like the 

opposite of that. Just like the opposite of that, 

because they fail to explain on the basis of Le 

Chaterlier’s principle.’ – Polan 

 

Table 20 shows that teachers were aware of some alternative conceptions around 

galvanic cell as held by their students. These alternative conceptions around galvanic 

cell could be further researched for confirmation and triangulation with work of other 
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researchers. Figure 13 clearly shows which alternative conceptions around galvanic 

cell are held strongly by students according to their teachers.  

 

 

Figure 13: Students’ alternative conceptions according to teachers’ perspective.   

Figure 13 indicates alternative conceptions around galvanic cell that students hold as 

per teachers’ viewpoint. AC8 and AC9 from teachers’ perspectives of alternative 

conceptions around galvanic cell were not considered as alternative conceptions in 

this research. Table 21 display alternative conceptions of students’ according 

perspectives of teachers which are similar to those alternative conceptions around 

galvanic cell that exist in literature. 

 

Table 21: Comparison of teachers’ perspectives on students’ alternative conceptions 

with those from literature 

Students’ ACs according to 

teachers’ perceptions  

Students’ ACs from literature similar to 

those according to teachers’ 

perceptions (except E10) 

AC6: Electrons move across the salt 

bridge 

E8: Electrons come in from the cathode to 

electrolyte, migrate across the electrolytes 

and salt-bridge to the anode to complete 

the circuit 

0

0,5

1

1,5

2

2,5

3

3,5

AC1 AC2 AC3 AC4 AC5 AC6 AC7 AC10

F
re

q
u

e
n

c
y
 o

f 
A

C
s

Type of ACs

Students' alternative conceptions according to teachers' 
perspective 



 

114 
 

AC7: Ions move across the salt 

bridge 

E10: Ions from the electrolytes of the two 

half-cells travel across the salt-bridge 

Teachers mentioned some alternative conceptions around galvanic cell which they 

encounter with students in class. Some of these alternative conceptions around 

galvanic cell appear to be similar to those documented in literature as shown in Table 

21.   

The following were new alternative conceptions around galvanic cell according to 

perceptions of teachers. The alternative conceptions below were found not to be 

among those existing in literature hence they are regarded a fresh discovery of this 

research. These are as listed: 

 The cathode and anode are alike (AC1). 

 Gaseous and solid electrodes mean the same idea (AC2). 

 Any electrode which is a gas is a hydrogen electrode (AC3). 

 Cell reaction and cell notation are synonyms (AC4). 

 Electrode is the complete half-cell (AC5). 

 EMF is independent of concentration (AC 10). 

The above is a summary of all the new students’ alternative conceptions around 

galvanic cell from the qualitative data of teachers. AC6 and AC7 were part of the 

known alternative conceptions from literature even though they were mentioned by 

teachers as part of the alternative conceptions they encounter with students in class. 

AC6 and AC7 were the same alternative conceptions with E8 and E10 respectively. 

The most leading new alternative conceptions around galvanic cell were AC1 and 

AC4, according to teachers’ viewpoint.  

 

However, the teachers had made some attempts to tackle alternative conceptions 

around galvanic cell which students hold which they’re aware of from their own 

teaching experience.  The next paragraphs put forth an argument brought out by this 

research qualitative finding in detail. 
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4.3.4.3 Teaching strategies of teachers to tackle students’ alternative conceptions 

around galvanic cell 

This discussion presents the teaching strategies which teachers used to deal with 

alternative conceptions around galvanic cell of their students. Teaching strategies 

were outlined in the conceptual framework of concepts. Three strategies were found 

to be used by the teachers who were interviewed. It was discovered that teachers 

were using teaching strategies which were either student- or teacher-oriented with an 

aim to tackle alternative conceptions around galvanic cell. A summary of coded and 

categorised teaching strategies (which are either student- or teacher-centred in 

approach) that teachers used are as follows: analogy (TS1); demonstration (TS2); 

direct instruction (TS3); discussion (TS4); drill (TS5); experiment (TS6); group work 

(TS7); prompt (TS8); simulations (TS9); videos (TS10). Figure 14 shows the frequency 

of teachers’ quotations in the usage of each teaching strategy. 

 

Figure 14: Teaching strategies (TS) from teachers’ data   

From the above it could be concluded that direct instruction was the most commonly 

used teaching strategy among teachers, followed by drill and then prompt, analogy 

and experiment. Table 22 summarises the teaching strategies that were uncovered 

to be engaged by teachers in tackling the alternative conceptions around galvanic cell. 

The teaching strategies were either teacher-oriented or student oriented. 
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Table 22: Teaching strategies used by teachers: Teachers’ qualitative data 

TEACHING STRATEGIES (TS) 

Student oriented Teacher oriented  

Demonstration (TS2) 

Discussion (TS4) 

Experiment (TS6)  

Group work (TS7)  

Simulations (TS9)  

Videos (TS10) 

Analogy (TS1) 

Direct instruction(TS3)  

Drill (TS5)  

Prompt (TS8) 

 

Direct instruction was the leading teaching strategy. Drill and prompt were the second 

leading strategy. The reason behind the common use of direct instruction as a 

teaching strategy could be attributed to the workload and limited time to complete the 

year’s work. The following quotation from one of the teachers supports this claim:  

 

That’s the challenge; I do not bring them (laughter). I think you got my answer that 

because of the load we have especially you do not go deeper than the load tells us 

or you find yourself behind and you are limited by time. As you go deeper 

hunting for something for the sake of enhancing knowledge you beaten by time 

to cover the syllabus (Kireka). 

 

Demonstration and group work were teaching strategies used when experiments were 

conducted. Group work could be a result of the shortage of apparatus in some schools. 

This is supported by two teachers’ quotations:  

I just demonstrate how to make a galvanic cell in the class. I demonstrate a 

galvanic cell in class (Anjana).  

 

We are experiencing a challenge; some of the practical staff are not here in the 

laboratory. I was thinking of taking them to zinc-copper cells, but the thing is, copper 

is there but for zinc is a challenge. Even some of the electrolytes, also the salt zinc, 

copper we will get copper sulfate but for zinc is not there (Polan). 
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These quotations from teachers support the fact that there could be a shortage of 

laboratory resources for experiments on galvanic cell, which might leave teachers with 

no choice but to use group work. That is when students get involved in unplanned 

discussion among themselves and group work and discussion strategies are student 

oriented.  

This revealed a weakness among teachers with regard to the usefulness of group 

work. They might be unaware of the advantages of group work, such as cooperative 

learning and argumentation as important skills for students in the 21st century. Burden 

and Byrd (2013) and Arends (2012) argue that cooperative learning makes students 

work together where they share responsibility with different learning abilities and 

cultures which teaches them tolerance and acceptance as well as an opportunity to 

support each other. Students perform task collectively in tiny collections to assist 

others to benefit from each other during learning (Slavin, 2015), through discussion 

and feedback from fellow group members (Foldnes, 2016) to complete group tasks 

(Gillies, 2016) in cooperative learning. This is also supported by the following student’s 

quotation: 

Maybe we would be like in a group of ten. Then there will be two people in a group 

conducting the experiment that are group leaders, but we all have an input. 

 

Students do learn to share responsibility viz. leading the group. Group work, when 

properly used, can enhance argumentation among students which Osborne, Eduran, 

Simon and Monk (2003) and Shakespeare (2003) explained as a process where 

students engage in debate to support their beliefs and knowledge claims. Scientific 

argumentation, as referred to by Ghebru and Ogunniyi (2017), could only be enhanced 

through group work in a science class, where according to Gultepe and Kilic (2015) 

students are involved in reasoning as they express their thoughts. The students’ 

psychological area changes, hence their arguments and actions are shaped. Teachers 

are there during argumentation to assist in the practice of generating, considering, and 

comparing arguments (Moon, Stanford, Cole and Towns, 2016) where the teacher 

guides the students through verbal questioning. 

The prompt is a teaching strategy that teachers employed in their struggle to address 

the alternative conceptions of students. This research defines ‘prompt’ as a way that 
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teachers practice to help students recollect about a particular topic and is teacher-

centred. Figure 16 clearly shows which teaching strategies were leading in an 

endeavour to tackle the challenge of alternative conceptions within the sample. 

According to qualitative analysis, the other leading strategies teachers used were drill, 

prompt, analogy and followed by experiment. Simulations and videos appeared to be 

used the least by teachers. Analogy is a teacher-centred strategy where a teacher 

uses similar concepts to explain a concept. Below is an example where a teacher used 

analogy as a teaching strategy. This is an example from one of the teachers: 

 

I integrate galvanic cell with other cells or batteries that we do have although the 

content has been removed from the syllabus. So I also make use of the experiments, 

conduct experiments to show the learners how a galvanic cell works (JC 700). 

 

This example shows that teachers use analogy as Orgill and Bodners (2004) have 

explained in their work. Analogy assists students to learn about abstract concepts with 

understanding aided by familiar material (Orgill and Bodners, 2004). Analogy as a 

teaching strategy was used by teachers as a strategy in an effort to tackle alternative 

conceptions around galvanic cell ones.  

 

An experiment was employed by teachers as a strategy in conjunction with group work 

to address alternative conceptions around galvanic cell and that is where discussion 

took place as well. However, the experiment itself while it is one of the tactics that 

teachers use for the purpose of tackling students’ alternative conceptions around 

galvanic cell, was not done likewise as the Predict-Observe-Explain strategy by 

Karamustafaoğlu and Mamlok-Naaman (2015) – where students are given an 

opportunity to make a prediction before the experiment, then are given a chance to 

conduct an experiment and lastly to discuss and resolve any discrepancy between 

their prediction and observation. Instead it was a demonstration and group work to 

conduct an experiment, without prediction as one of the important elements of doing 

the experiment.  

 

Video and simulations were used the least even though research is available in 

literature (Lee and Osman, 2012; Talib, Matthews and Secombe, 2005) for teachers 
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to take advantage of it, including combination of media that is interactive with 

pedagogical feature in it, which aids students in the understanding of concepts (Lee 

and Osman, 2012). There is also the use of computer animation to teach (Talib, 

Matthews and Secombe, 2005) and Nilson (2016) asserts that simulations engage 

learners actively and emotionally.   

 

The use of drill and prompt could again be attributed to the limited time to teach and 

complete the year's work, as supported again by the quotation of one teacher: 

 

Not now, I have not gone deeper to (laughter) that. One would find those if you go 

deeper, but because of time and teaching, you find time is beating you, you must 

go to another topic. Same time you can even get them and confuse the learners. 

The syllabus tells you have to stop (Kireka). 

 

Direct instruction was found to be associated with drill and prompt. The following 

quotations from teachers support this:  

 

Always anode is oxidation because electrons are lost (Anjana; this is a drill).  

 

When we have a negative sign, we can see it is a reduction reaction. This method 

came from the way I have learnt as a learner myself. Because we always say, the 

reduction potential is negative and the oxidation potential is positive (Polan; this 

is a prompt.) 

 

This is one way the learners can be able to identify. In the case they don’t have 

negative and positive values at the same time, the learners are advised to use the 

lowest electrode potential to be the anode and the other to be the cathode. To 

write the half-reaction, I always advise that the learners take out the two half-cells and 

separate them, then indicate the reaction taking place in each side with a single arrow 

(Polan; this is a prompt).  

 

The following was taken from the researcher’s notes and provides examples of 

‘prompts’ as teaching strategies teachers that engaged in to tackle alternative 

conceptions around galvanic cell of students. Prompts 1 to 3 are best explained by 

one of the teachers (Kireka) as follows: 
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Prompt 1 

 The two half-reactions are written as shown below. Then a big C with an arrow 

head is drawn as shown 

 

 Each half-reaction is written in the direction of the C with one arrow in the direction of 

the C 

 The first one will donate electrons and is called oxidation  

 

 The second one will receive electrons and is called reduction 

 

Prompt 2 

 

 CAT RED and ANOX is another prompt to limit errors and maybe alternative 

conceptions: 

     o CAThode is where REDuction takes place 

     o ANode is where OXidation occurs 

 

Prompt 3 

 

 OIL RIG (Silverstein, 2010) is also another prompt to limit errors and maybe alternative 

conceptions  

    Oxidation Is the Loss of electrons 

    Reduction Is the Gain of electrons 

 

According to Kireka (one of teachers), the above ‘prompts’ assisted the students to 

write the correct half-reactions, identifying an anode and cathode with their polarity, 

as well as identifying an electrode that releases electrons, which enhanced the 

students’ understanding. 
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Another example of a prompt was best illustrated by another teacher under the 

pseudo-name of Anjana: 

Prompt 4 

ANODE  

o A – anode 

o N – negative 

o O – oxidation 

o D – decrease in mass 

o E – electrons 

 

Anjana, a teacher clarified that this ‘prompt’ was intended to assist the students to 

remember that the anode is a negative electrode and it is where oxidation occurs. It 

further assisted students to remember that electrons are freed from the anode and the 

electrode at the anode is the one that decreases in mass. The prompts could be 

answering the common cry of schools that South African Grade 12 Physical Sciences 

students are not getting good grades. Teachers teach in this way in order to cover time 

and for students to pass, since education authorities, parents and politicians are 

interested in passes. 

Maybe to address the real problem teachers need to ensure learning takes place, 

before introducing prompts. Prompts cannot assure learning has happened. A 

combination of teacher-oriented strategies like prompt with student oriented strategies 

like experiments, simulations and videos could assist in improving students’ 

achievement. 

Some teaching strategies like direct instruction and demonstration were also 

associated with teaching strategies like drill and prompt. It could be concluded from 

the way the sample teachers used demonstration and experiments that some teaching 

strategies work hand-in-hand with a combination of teaching strategies. Below are 

leading teaching strategies which teachers had used in tackling alternative 

conceptions around galvanic cell. 
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Table 23: Leading teaching strategies used by teachers: teachers’ qualitative data 

Leading teaching strategies (teachers’ data) 

Student oriented Teacher-centred  

Experiment  Drill 

Discussion Prompt 

 Analogy 

 Demonstration 

 

It can then be concluded that teachers use: discussion; experiment; demonstration; 

group work; simulations; videos; analogy; direct instruction; drill and prompt. These 

were the most popular teaching strategies in classes when teachers were addressing 

galvanic cell. It was evident that teachers relied on strategies which are both student 

oriented and teacher-centred.  

 

The paragraphs that follow discuss how the qualitative data of students was 

presented, analysed and interpreted.    

 

4.3.5 Students’ qualitative data presentation, analysis and interpretation 

This addresses the second research sub-question: What are students’ alternative 

conceptions around galvanic cell? Figure 15 shows that students only had E10 (Ions 

from the electrolytes of the two half-cells travel across the salt-bridge) as an alternative 

conception around galvanic cell in the qualitative data. 
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Figure 15: Students’ alternative conceptions around galvanic cell: Students’ qualitative 

data 

 

Some students thought that ions do flow from a half-cell section to another half-cell 

section across a salt-bridge to complete the circuit and maintain electrically neutrality. 

Students thought ions flow across the salt-bridge from section one half-cell to the 

section of the other half cell. This finding conquers with the teachers’ findings from 

teachers’ qualitative data. So students and their teachers share the same alternative 

conception around galvanic cell which is ions move through the salt bridge. This could 

as well suggest that teachers pass alternative conceptions to their students around 

galvanic cell. 

 

Teaching strategies to tackle alternative conceptions around galvanic cell that were 

learnt from qualitative data of students’ transcripts are discussed in the next sections. 

 

4.3.6  Teaching strategies from students’ qualitative data  

Students’ data also attempted to answer this research question: In what ways do 

teachers tackle alternative conceptions around galvanic cells that are known to them? 

Same codes generated for teachers’ data was used with the addition of a few new 

codes on teaching strategies. These inductive codes are drill, prompt, analogy, 

experiment, simulation, videos and an additional code which is graphical 
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representation. This research defines graphical representation as the use of a sketch 

or diagram of a galvanic cell to explain what happens in an experiment of a galvanic 

cell. The inductive codes used on teaching approaches were demonstration, direct 

instruction, group work and discussion. Figure 16 shows the teaching strategies that 

emerged from the students’ data. 

 

Figure 16: Teaching strategies from students’ data 

The teaching strategies that teachers use are demonstration, direct instruction, group 

work, discussion, experiments, prompt and graphical representation as deduced from 

Figure 16. Direct instruction, experiment and graphical representation appeared to be 

the leading strategies used in tackling alternative conceptions around galvanic cell. A 

quotation was made by students in support of the view that experiment and 

demonstration were the teaching strategies employed by teachers: 

 

Our teacher came with material which was presented before our class then we were 

taking recordings. 
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The following quotations support the proposal that teachers use graphical 

representation to substitute experiments. This arose when students were requested 

to describe how their teacher conducted the experiment of galvanic cell: 

  

We normally write the sketch of the galvanic cell on the board, then we analyse 

everything what happens in a galvanic cell. Then the electrons are moving and 

the salt bridge. But practically so, we never done it. Me, I research a bit. Here 

you only have the sketches the one they gave us, but there is a difference but 

not exactly the same. So that’s how I know it. On the board explaining the half-

cell reactions, the function of the salt bridge. 

 

Graphical representation appears to also be used by teachers as a substitute to 

experiments as an effort to tackle alternative conceptions around galvanic cell of 

students. Figure 16 shows that direct instruction was the leading teaching strategy, 

followed by experiment and graphical representation. Group work and discussion were 

the least used.   

 

Table 24 summarizes the teaching strategies most employed by teachers when 

tackling alternative conceptions around galvanic cell of students of the data of students 

which was collected qualitatively. 

 

Table: 24: Most common teaching strategies: student data 

Teaching strategy 

Student oriented Teacher-centred 

Experiment Direct instruction  

Graphical representation 

Demonstration 

Direct instruction was found to be the leading teaching strategy employed by teachers 

to tackle alternative conceptions of students from the students’ and teachers’ data 
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respectively. Experiment and graphical representation were second in student data 

while analogy, drill and prompt were second in teacher data to address alternative 

conceptions around galvanic cell. 

Use direct instruction could be attributed to the time allotted to the teaching of the 

Physical Sciences, as one of the teachers highlighted that the time in which the 

curriculum has to be completed is insufficient for teachers to adequately address the 

content. Hence teachers at the last minute rush to cover the year’s work in Physical 

Sciences. One quotation from a teacher supports this statement: 

 

Not now, I have not gone deeper to (laughter) that. One would find those if you 

go deeper, but because of time and teaching, you find time is beating you, you 

must go to another topic. Same time you can even get them and confuse the 

learners. The syllabus tells you have to stop (Kireka). 

 

The following section summarizes alternative conceptions around galvanic cell as 

triangulated between quantitative and qualitative data. These two data sets include 

students’ and teachers’ data which was used for the triangulation of the teaching 

strategies teachers practise, between teacher and student data.  

 

4.4 Triangulation of alternative conceptions of teachers and students qualitative 

and quantitative data  

The alternative conceptions around galvanic cell which are common to teachers and 

students are listed below. These alternative conceptions were triangulated between 

quantitative and qualitative data sets as follows: 

 The table of standard reduction potentials table arranges metals according to 

declining reactivity (E1) 

 Only negatively charged ions are involved in the carrying of current in the salt 

solutions and salt bridge (E2) 

 In a well-arranged table of electrode potentials, the metals with the highest 

negative E° value becomes the cathode (E3) 

 Anions and the electrolytic solution inside the salt bridge move electrons away 

from the cathode towards the anode (E4) 
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 Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit (E8) 

 Ions from the electrolytes of the two half-cells travel across the salt-bridge (E10) 

 

E10 is a new alternative conception around galvanic cell in the list of known alternative 

conceptions according to Garnett and Treagust (1992). Data from the teachers’ 

qualitative data set also provided new alternative conceptions around galvanic cell as 

summarized from the teachers’ qualitative data discussion, which are: 

 Inability to identify anode and cathode. (AC 1) 

 Inability to identify gaseous electrode. (AC 2) 

 Confusing a hydrogen electrode with any other gaseous electrode. (AC 3) 

 Confusing cell notation with cell reaction. (AC 4) 

 Ions transfer across the salt bridge (AC7) 

 Cannot change the EMF by means of changing the concentration of the 

electrolytes (AC 10) 

 

Table 25 maps out the alternative conceptions around galvanic cell of both students 

and teachers from the qualitative and quantitative data. 
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Table 25: Comparison of qualitative and quantitative data for teachers’ and students’ 

alternative conceptions around galvanic cell 

 

Table 25 shows alternative conceptions that are held by students and teachers as 

well, according to both qualitative and quantitative data. Alternative conceptions 

around galvanic cell of teachers are similar to those of students according to both data 

sets. Teachers’ alternative conceptions around galvanic cell in the triangulation Table 

25 are common among the qualitative and quantitative data. It can be seen that E8 

and E10 are common in all four data sets; E1 is common in three data sets; E2, E3, 

E4, E5 and E7 are common in two data sets. Table 25 also shows that alternative 

conceptions around galvanic cell are common to teachers and students, which 

provides evidence in support of the argument that teachers might transmit their own 

alternative conceptions around galvanic cell to their students. 

Section 4.5 discusses the triangulation of teaching strategies between teachers’ and 

students’ qualitative data. 

 



 

129 
 

4.5 Triangulation of teaching strategies and approaches of students’ and 

teachers’ for the qualitative data 

Table 26 presents the teaching approaches and strategies from the teachers’ and 

students’ qualitative data that teachers use to tackle alternative conceptions around 

galvanic cell. Table 26 triangulates the teaching strategies from both the student and 

teacher data set. 

Table 26: Triangulation of teaching strategies 

Teaching strategies 

Teachers’ data Students’ data 

Student oriented  Teacher oriented  Student oriented Teacher oriented 

 Direct instruction  Direct instruction 

 Demonstration   Demonstration  

Group work  Group work  

Discussion   Discussion   

Experiment   Experiment   

 Prompt   Prompt  

Simulations Drill   Graphical 

representation 

Videos Analogy    

 

The mapping in Table 26 shows strategies that appear in both teacher and student 

data sets. The table shows that teachers commonly use group work, direct instruction, 

discussion and demonstration, experiment and prompt to tackle the alternative 

conceptions around galvanic cell. These teaching strategies are employed by teachers 

to address alternative conceptions around galvanic cell. 
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Strategies common to both teachers’ and students’ data that teachers use are 

demonstration, direct instruction, discussion, group work, experiment and prompt. A 

summary follows on the presentation, analysis and interpretation that were discussed 

in this chapter.   

 

4.6 SUMMARY OF THE CHAPTER  

The qualitative and quantitative data of both students and teachers are discussed 

comprehensively in this chapter. The quantitative and qualitative data is presented, 

analyse and interpreted. All research sub-questions were answered with evidence 

from research data.  

The quantitative data analysis introduced the order of the two data sets (quantitative 

and qualitative) as they were discussed. The quantitative data was discussed that 

included the data collection instruments and participants; the responses of teachers 

and responses of students on the alternative conceptions; statistical technique and 

reliability; teachers’ inferential statistical data, and hypothesis testing. 

 

The first part of the qualitative data introduced the model of analysis for this research 

with the interview transcript narrative. A priori coding of pre-determined research 

themes and inductive coding of emerging research themes as created by atlas.ti 

computer software were also discussed. The teachers’ data analysis was presented 

and analysed and interpreted to deduce alternative conceptions around galvanic cell; 

students’ alternative conceptions around galvanic cell according teachers’ perception; 

and finally, the strategies teachers use to tackle alternative conceptions around 

galvanic cell that teachers are aware. 

  

Next section of the chapter was students’ data presentation analysis and interpretation 

as per the analysis model of the interview transcript. The teachers’ teaching strategy 

derived from the students’ data was discussed followed by the triangulation of 

teachers’ and students’ data. Triangulated data between teachers and students, and 

triangulation between quantitative and qualitative data, found the following alternative 

conceptions around galvanic cell to be common: 
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 E1: Standard reduction table of electrode potentials arranges metals by 

diminishing reactivity 

 E5: Electrons travel through a salt solution by being attracted to ions 

 E7: The charge of the anode is positive since it has donated electrons; the 

charge of the cathode is negative since it has received electrons 

 E8: Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit 

 E10: Ions from the electrolytes of the two half-cells travel across the salt-bridge 

 

Subsequent alternative conceptions were found to be new alternative conceptions 

around galvanic cell of students from the perspective of the teachers’: 

 AC 1: The cathode and anode are alike 

 AC2: Gaseous and solid electrodes mean the same idea 

 AC3: Any electrode is a gas is a hydrogen electrode 

 AC4: Cell notation and cell reaction are synonymous 

 AC7: Ions travel across the salt bridge 

 AC 10: EMF is independent of concentration 

 

Most common teaching strategies employed by teachers in the classroom to tackle 

alternative conceptions around galvanic cell were as follows following: experiment, 

which is student oriented; prompt, drill and analogy, which are teacher oriented.  

The most-used teaching approaches and strategies to tackle alternative conceptions 

around galvanic cell of students in class came out to be both student-oriented i.e. 

group work and discussion and teacher oriented i.e. direct instruction and 

demonstration. The next chapter concentrated on a conversation of the research 

results with contrast to research literature and the findings.  
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CHAPTER 5 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

 

5.1. Introduction  

Chapter five expounds on discussions, summary and conclusion on the research 

outcomes with respect to the main research question and sub-questions. The findings 

of the qualitative and the quantitative data and the triangulation of the two data sets. 

Chapter five further reflects on the precincts of this research, the input to knowledge, 

and recommendations of this study. Discussions focus on the quantitative analysis of 

data mined from teachers’ and students’ questionnaires and the qualitative analysis of 

data accessed from the interview transcripts of both teachers and students. The 

discussion focuses around the alternative conceptions around galvanic cell of students 

and teachers, the relationship between teachers’ and students’ alternative 

conceptions around galvanic cell, the relationship between students’ alternative 

conceptions around galvanic cell and students’ achievement in the examination; and 

the strategies of dealing with alternative conceptions of students around galvanic cell 

from the perspectives of teachers as experienced and practising professionals in their 

field. All the above explore the alternative conceptions around galvanic cell of teachers 

and students in an attempt to answer the key question of this research which states: 

In what ways do teachers tackle students’ alternative conceptions around galvanic cell 

that are known to them? The discussion in this chapter then brings into line the results 

in relation to the main research question and its research sub-questions. 

 

5.2 Discussion 

There were two sub-questions that had to be responded in order to identify teachers’ 

and students’ alternative conceptions around galvanic cell of the sample. This was 

achieved by using students’ and teachers’ data which were both quantitative and 

qualitative of the mixed method approach. These research sub-questions were: What 

are the students’ alternative conceptions around galvanic cell?’ and the other 

secondary question was ‘What are the teachers’ alternative conceptions around 

galvanic cell?  by a convergent mixed method design. These two questions were 

answered by both qualitative and quantitative data sets of the transcript of teachers 
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and the transcript of students. It was understandable from the data triangulation that 

teachers and students held alternative conceptions around galvanic cell. The students’ 

plus teachers’ alternative conceptions around galvanic cell are further confirmed by 

research literature (Sanger, 1996; Sanger and Greenbowe, 1997; Garnett and 

Treagust, 1992). The following were students’ and teachers’ alternative conceptions 

around galvanic cell after triangulation between the quantitative data of students and 

the quantitative data of teachers’ were:   

 E1: Standard reduction table of electrode potentials arranges metals by 

diminishing reactivity 

 E5: Electrons travel through a salt solution by being attracted to ions 

 E7: The charge of the anode is positive since it has donated electrons; the 

charge of the cathode is negative since it has received electrons 

  E8: Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit 

Codes that appear in brackets are those that are recorded in the international lists of 

codes of alternative conceptions around galvanic cell in electrochemistry. Eradication 

of alternative conceptions around galvanic cell remains a challenge. A study in Oman 

recorded a higher percentage of alternative conceptions about electrochemistry than 

previous studies (Al-Balushi, Ambusaidi, Al-Shuaili and Taylor, 2012). 

Electrochemistry was one of the topics Karsli and Çalik (2012) reported in their 

research conducted in Turkey where they used the 5E model in an attempt to address 

the challenge but they also acknowledged that some alternative conceptions around 

galvanic cell were excessively deeply rooted to be fully eliminated. 

The alternative conceptions around galvanic cell below were not part of the list of 

Garnett and Treagust (1992) list:  

 E10: Ions from the electrolytes of the two half-cells travel across the salt-bridge 

This alternative conception (E10) around galvanic cell was one alternative conception 

that even teachers have. Dindar, Bektas and Çelik (2010) found out that that trainee 

teachers participating in their research undertaking did not mention the importance of 

the salt bridge, while one of them thought the salt bridge conducted electricity like any 

other salt that conducted electricity.  
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It was also noticed that teachers were cognizant of the existence of alternative 

conceptions around galvanic cell, since they stated some alternative conceptions 

around galvanic cell they know their students could have had. The qualitative data of 

teachers further revealed another set of alternative conceptions around galvanic cell 

which were not present the in literature consulted, as recorded by Sanger and 

Greenbowe (1997). These alternative conceptions around galvanic cell of students 

were derived from the teachers’ perspective about alternative conceptions around 

galvanic cell they are aware of. These alternative conceptions around galvanic cell 

according to the teachers’ viewpoint were: 

 AC 1: The cathode and anode are alike  

 AC2: Gaseous and solid electrodes mean the same idea  

 AC3: Any electrode is a gas is a hydrogen electrode  

 AC4: Cell notation and cell reaction are synonymous  

 AC7: Ions travel across the salt bridge 

 AC 10: EMF is independent of concentration 

 

The extent that alternative conceptions around galvanic cell had an effect on students’ 

achievement was investigated by testing two null hypotheses. The test of the null 

hypothesis with an aid of Pearson’s correlation, r as a technique resulted to the 

rejection of the first null hypothesis.  It came out that the correlation between students’ 

and teachers’ scores on alternative conceptions around galvanic cell was strong and 

negative, since the r is closer to 1. Hence as the scores of teachers' alternative 

conceptions tend to increase, the students’ alternative conceptions decrease. This 

relationship could be pure coincidence (there is no relationship), although certain 

studies concluded that alternative conceptions were propagated by teachers (Barrass, 

1984; Kinderfield, 1991; Debra, 2000; Sanders, 2006). By contrast, another study that 

also employed Pearson’s correlation coefficient found that 90% of students’ alternative 

conceptions have a significant correlation which implies that alternative conceptions 

are passed on to students by teachers (Kaur, 2013). It may not always be true that 

teachers pass on alternative conceptions around galvanic cell to the students they 

teach in class; and alternative conceptions around galvanic cell may not necessarily 

be necessarily be transmitted by teachers to students since the correlation is negative. 

It could be coincidental that such a relationship existed – so the is no relationship. 
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There could be a number of contributing factors like textbooks, examination questions, 

etc. 

  

Chu and Hong (2010) in a conference paper on alternative conceptions in chemistry 

teaching in Malaysia and Singapore specifically presented on the identification of 

alternative conceptions. These researchers highlighted in their conclusion that 

teachers had been teaching the wrong concepts to their students and those who 

believe they understood the concepts properly did not know that students were not 

perceiving the concepts the same way as themselves. This then implies that teachers 

are conveying alternative conceptions around galvanic cell to their students in class. 

Teachers then appear to be part of the contributing factors towards the causes of 

alternative conceptions among students.  

 

Acceptance of the second null hypothesis clearly indicated that there is no statistically 

significant relationship between the level of students’ alternative conceptions and their 

achievement in the examination regarding the galvanic cell topic. For the value of 

Pearson’s correlation, r was found to be -0.0218. The value of r is close to zero, 

therefore the relationship was weak. The p value was 0.79. The hypothesis was tested 

at p less than 0.05 with no significant relationship – hence the hypothesis was 

accepted. The conclusion was then made that relationship between students` 

alternative conceptions around galvanic cell and their examination performance has 

no statistically significance. This means that the students’ alternative conceptions may 

not always necessarily be translated to examination achievement. There could be 

other factors. Therefore, there may not always be a relationship between the 

alternative conceptions of students and achievement of students in the examination in 

the galvanic cell topic since the relationship is weak.  

 

This finding means that alternative conceptions around galvanic cell of students may 

not always have a hand in the students’ achievement in the examination. This could 

also mean that students may not always carry their alternative conceptions around 

galvanic cell to reflect in their examination achievement.Therefore, alternative 

conceptions around galvanic cell may not always infiltrate from teachers to students 

through to students’ achievement in the examinations.  
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The overall conclusion from these two hypotheses does not support the assumption 

that teachers’ alternative conceptions find their way through to affect the achievement 

of students in the examination. Students’ and teachers’ alternative conceptions around 

galvanic cell are not directly linked to the students’ achievement in the examination. 

These alternative conceptions need to be tackled to ensure proper learning occurs. 

Teachers themselves as practising experts and professionals have their own way of 

dealing with alternative conceptions around galvanic cell. The next paragraphs explain 

the findings from teachers’ professional experience and practice to tackle alternative 

conceptions around galvanic cell of students so that the students’ achievement in the 

examination is positively affected.   

 

The next conversation is about the last research sub-question that asks: In what ways 

do teachers tackle alternative conceptions around galvanic cell that are aware of ? An 

attempt to answer the above research sub-question was through the qualitative data 

only. It was revealed that teachers did attempt to tackle alternative conceptions around 

galvanic cell. This research attempted to categorize the teachers’ attempts into 

teaching strategies and approaches as per the conceptual framework.  

 

The teaching strategies that were triangulated and confirmed between teachers’ 

qualitative data and students’ qualitative data are experiment (student oriented) and 

prompt (teacher oriented). Teaching strategies have been well researched and are still 

being researched to tackle alternative conceptions around galvanic cell, but very few 

seemed to have been used by teachers in class. It was found that those that were 

used were not used to their full potential. For example, teachers used experiments 

around galvanic cell, but did not use experiments to full advantage as per research 

literature. 

 

The predict-observe-explain strategy to tackle alternative conceptions around galvanic 

cell (Karamustafaoğlu and Mamlok-Naaman, 2015) included prediction in 

experiments; not only observe and explain, as teachers did according to the data. In 

order to tackle alternative conceptions around galvanic cell of students, teachers may 

need to possibly take into account prediction; observation and explanations. However, 

teachers used experiments to teach concepts around galvanic cell, which was also 

reported by Hart, Mulhall, Berry, Loughran, and Gunstone (2000). Prompt was also 
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one strategy teachers employed to tackle alternative conceptions around galvanic cell 

tapping into their own professional experience, which Ali (2012) had mentioned as one 

of the teaching strategies that teachers engage to tackle alternative conceptions. 

Prompts can inspire explicit thinking essential for fruitful problem-solving which has a 

conceptual base, and to stimulate the growth of the meta-cognition that has self-

regulatory abilities as employed in Goldilocks Help workflow (Yuriev, Naidu, Schembri 

and Short, 2017).  

 

As put by the constructivist theory in relation to teaching and learning, students learn 

better when they are involved. As the Chinese saying puts it that when a person is told 

that person forgets easily, also when a person is showed that person remembers but 

when involved the person understands. It might be clever for teachers to focus more 

on student oriented strategies as these tend to involve students, where students 

benefit in terms of understanding and limiting alternative conceptions around galvanic 

cell. Involvement of students in learning automatically forces them to involve most their 

senses; hence understanding is enhanced, which minimises alternative conceptions 

around galvanic cell. Teacher oriented teaching strategies involve students less; by 

implication only a few senses are involved in the learning process.  Çetingul and 

Geban (2005) explain that in traditional instruction, knowledge is simply transmitted by 

a flow through one pathway, where information flows through to students from the 

teacher.  

 

The sampled teachers also employed these teaching strategies experiment (student 

oriented), drill and prompt (teacher oriented) to tackle alternative conceptions around 

galvanic cell. Strategies, e.g. experiment, allow students to be involved and use most 

their senses for a better understanding. According to the research literature 

(Karamustafaoğlu and Mamlok-Naaman, 2015), student oriented strategies might also 

assist students to be involved so that most of their senses are engaged to assist them 

in learning. Most teaching strategies are student oriented, as argued by the following 

researchers: Huddle and White (2000) in their teaching model to impart knowledge of 

galvanic cell, Avargil, Bruce, Amar and Bruce’s (2015) model of teaching with three 

phases commonly known as a CORE where CO stands for chemical observations, R 

stands for representations and E stands for experimentation), and Karamustafaoğlu 
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and Mamlok-Naaman’s (2015) POE strategy. It would have been better if experiments 

were employed according to the above researchers’ findings.  

 

There were other teaching strategies that some teachers from this research had used 

that actively involved students like simulations and videos by PhET simulations of 

Colorado University, even though the videos and simulations were used by one of the 

teachers in this research. PhET simulations are very important for the conceptual 

understanding of students in a class (Moore, Chamberlain, Parson and Perkins, 2014). 

An interactive multiple media coupled with pedagogy which is commonly referred to 

as ‘EC Lab’ was developed to assist students to understand electrochemistry (Lee and 

Osman, 2012), while the use of computer animation to teach compared with the 

conventional lecture-based method (Talib, Matthews and Secombe, 2005). Laboratory 

activity using learning and teaching model involving the commonly known 5Es (Karsli 

and Ayas, 2011) and others discussed in chapter two.  

 

The following strategies were also found to be employed by teachers when confronting 

alternative conceptions of students around galvanic cell after the qualitative data 

between teachers’ and students’ data were triangulated. The teaching strategies 

employed to tackle alternative conceptions around galvanic cell by teachers were 

discussion and group work (student-oriented), direct instruction (teacher-oriented), 

and demonstration (teacher-oriented). Direct instruction, demonstration and 

discussion (Killen, 2015; Burden and Byrd, 2013; Arends, 2012) were found to be 

employed by teachers as strategies to teach towards confronting alternative 

conceptions around galvanic cell. Direct instruction was found to be the most common 

teaching strategy to confront alternative conceptions around galvanic cell, which is a 

teacher oriented as well. Direct instruction is not preferable for higher-order thinking 

since it involves a combination of demonstration and explanation (Arends, 2012). 

 

This then implies that the two approaches seem to be dominant to teaching and 

learning. However, it could sometimes be difficult to always persist with only one 

approach, either the student-oriented teaching approach or teacher-oriented teaching 

approach, because teaching and learning are very complex processes. Teachers in 

this research had used both teaching approaches to address alternative conceptions 
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around galvanic cell. Some teachers had employed only one of the two main teaching 

approaches and some had mixed the two teaching approaches.  

 

Sipho also employed group work and discussion, where discussion happened in 

groups, which is student oriented. Kireka used demonstration, prompts and direct 

instruction to tackle alternative conceptions around galvanic cell, which are teacher 

oriented. Demonstration also included discussion and group work within the small 

team while the teacher demonstrated the experiment for the groups to do; a situation 

where both teacher-and student- oriented approaches are used simultaneously. This 

is supported by one student’s quotation from one of the five schools: 

 

Maybe we would be like in a group of ten. Then there will be two people in a group 

conducting the experiment that are group leaders, but we all have an input. 

 

Demonstration is teacher oriented; and discussion and group work are student 

oriented. Direct instruction definitely comes up for demonstrations (teacher oriented).  

The above arguments support the idea that teachers did use one teaching approach 

and sometimes combined the two teaching approaches for tackling alternative 

conceptions around galvanic cell. This is in agreement with Ali (2012) that teachers 

always try their own corrective strategies to involve students in their own learning 

which are built on teachers’ personal experience. These are analogy; questioning; 

prompts and probing; stimulating; presenting alternative explanations; giving 

information to seal knowledge cracks; strengthening vital arguments; and 

backtracking. Teachers in this research showed that using both teaching approaches 

assisted to address alternative conceptions around galvanic cell of students. Indeed, 

teachers in schools do use every possible means to address alternative conceptions 

in their classes as Ali (2012) had found. 

 

The teaching strategies discussed above were those found to be common among 

students’ and teachers’ data. These strategies were found to be commonly used by 

teachers in their classes in order to tackle alternative conceptions around galvanic cell 

of students. Teaching towards tackling alternative conceptions around galvanic cell of 

students by teachers of the sample seemed to have followed a slightly different 

approach where teachers used teacher oriented and student oriented teaching 
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strategies. Some teachers tempered teacher oriented strategies with student oriented 

strategies. The results showed that teachers were using teacher oriented and student 

oriented strategies. When asked how they addressed alternative conceptions around 

galvanic cell, teachers said the following: 

 

The use of experiments, because if you are teaching the learners content they grasp 

the content if they learn by doing or observing (JC700). 

 

Nhhee ... I give more problems. Through the questions I explain the difficulties with 

the learners in class. I give 10 to15 galvanic cell questions picking only those 

questions where the learners usually experience difficulty (Anjana). 

 

I try to do an experiment to show how this happens through experiment. I do 

experiment of galvanic cell to show the movement of ions. I also use videos and 

simulations (Sipho). 

 

A teacher with the pseudo name of JC700 used galvanic cell’ experiments to try and 

address alternative conceptions around galvanic cell. Teacher Anjana mainly relied on 

drill by giving a lot of questions where students did not understand certain concepts 

on galvanic cell. Anjana used drill coupled with explanations that are typical of direct 

instruction. Sipho opted to use the teaching strategy of experiments and even took it 

a little further to show it through videos and simulations with an effort of confronting 

alternative conceptions around galvanic cell. 

 

The arguments in this chapter clearly confirm that teachers use both teaching 

approaches to tackle alternative conceptions of students in an attempt to limit 

alternative conceptions around galvanic cell. Teaching strategies that are teacher 

oriented were used jointly with student oriented teaching strategies.  

 

In the case where teachers combined the two teaching approaches, e.g. teacher 

Anjana, they had tended to use teacher oriented strategies more than student oriented 

strategies. This shows that teachers might have relied on their own expertise, 

experience and their own professionalism to address the topic. When teachers were 
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asked to share how they had come to know about the alternative conceptions around 

galvanic cell, one answered: 

 

We see it in the diagnostic report and learners’ scripts also (Sonu). 

 

It appears that teachers do not make use of strategies from research in an effort to 

confront alternative conceptions around galvanic cell of students. They relied on 

diagnostic reports and their own professional expertise and experience. The following 

quotation points to the role of professional experience: 

No, as I indicated I had been teaching this topic for quite some time now. This is my 

10th year. So every year even if I emphasise these concepts in class while we mark 

the scripts we see the same kind of mistakes is done. Even when we go for final 

marking I always see the same mistakes that surface. Not only in galvanic cell, but 

there are so many other alternate conceptions in electrolytic cell too (Polan). 

 

It is clear that teachers use their experience and professional expertise to tackle 

alternative conceptions students around galvanic cell. Teacher Polan relied on putting 

emphasis on the topic and on drilling the students; hence teachers favour teacher 

oriented strategies even though some do use student oriented strategies. 

Teachers were aware of the great challenge of this specific topic faced by students; 

they also showed that they were mindful of their own strategies to address the topic 

(Ali, 2012). The teaching strategies that teachers used relied heavily on diagnostic 

reports and their own professional expertise and experiences and not on the 

researched strategies to tackle alternative conceptions around galvanic cell that came 

from research literature. The diagnostic reports suggested some strategies for dealing 

with alternative conceptions around galvanic cell with also a list of all possible 

alternative conceptions in Physical Sciences (Department of Basic Education, 2011-

14), which are mostly teacher oriented.  

However, there was analogy which teachers had used competently to address the 

topic of this research that was much closer to what literature had reported. For 

example, researchers like Türk, Ayas and Karslı (2010) noted that students had 

displayed respectable understanding of connections and were competent to give 

explanations of scientific situations after having learned through analogies. It was clear 
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that teachers employed teaching strategies to tackle alternative conceptions that are 

teacher-oriented and student-oriented as a combined strategy. Ali (2012) contends 

that teachers always try their individual corrective ways and strategies to involve 

students in learning, which are built on teachers’ personal experience, and own 

analogies. It is evident that analogy as a teaching strategy was applied according to 

the teachers’ experience.  

 

Burden and Byrd (2013) consider instructional strategies as an orderly band of teacher 

oriented and student oriented, direct and indirect, with gradual release of the 

responsibility model (i.e. direct strategies; inductive strategies; social strategies; 

independent strategies). It is, however, a different continuum in this research; teachers 

used both teacher oriented and student oriented in a continuum not as separate 

approaches that could be used independently of each other. 

 

This research data of teachers has revealed that they use both approaches in a 

continuum (of strategies) different from that of Burden and Byrd (2013). The model 

that came out of this research has revealed that teachers use teacher- and student 

oriented strategies in a continuum, and not independently of each other. The extremes 

are teacher oriented and student oriented. The Burden and Byrd (2013) continuum 

model to teaching was then slightly modified in this research into a new model based 

on the evidence that teachers use both teaching strategies (teacher oriented and 

student oriented), combining them into a new model that teachers could employ to 

teach towards the minimization of alternative conceptions around galvanic cell.  The 

modified model is referred to as teacher-student oriented continuum model as 

depicted in Fig. 17. The model is elaborated in the next paragraphs. 

  

The sampled teachers in this research seemed to have used student oriented teaching 

strategies and teacher oriented teaching strategies collectively, which suggests that 

these teaching strategies cannot be used completely separate from each other. The 

teachers in the sample tended to align themselves more on the teacher oriented side 

of the teacher-student oriented continuum model when addressing alternative 

conceptions around galvanic cell. 
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Had teachers appropriately varied the available teaching strategies from research 

literature according to the proposed teacher-student oriented continuum model, 

alternative conceptions around galvanic cell could have been minimised and students’ 

achievement in the examination might have been be positively affected. The proper 

integration of teaching strategies that are student oriented and teacher oriented could 

assist toward the addressing alternative conceptions around galvanic cell. 

 

This might imply that there is no single teaching strategy that could exist on its own; 

instead teacher- and student oriented strategies need to co-exist in a continuum of 

teacher oriented and student oriented, with one end of the continuum being student 

oriented and the other extreme being teacher oriented, unlike the proposal by Burden 

and Byrd (2013) where the teaching strategies can be selected only from the 

continuum of teaching strategies. 

 

The conceptual framework captured these concepts as applied separately in teaching. 

It could be how best the teacher is positioned in the continuum of the two extremes for 

the teacher to successfully confront alternative conceptions around galvanic cell. The 

best way to tackle alternative conceptions might be for teachers to use these two 

approaches proportionally. A model to confront alternative conceptions around 

galvanic cell could be by taking cognisance of the known strategies from research 

literature and the teachers’ professional experience as well as the expertise of 

curriculum specialists as captured in the yearly diagnostic reports. This research then 

proposes a modified continuum of instructional strategies as captured by Burden and 

Byrd (2013). It therefore proposes the following model of teacher-oriented and student-

oriented teaching model as shown in Figure 17.  
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Figure 17: Teacher-student oriented continuum model 

 

This model therefore proposes that teachers employ the whole continuum as a unit 

and not pick from the continuum of teaching strategies, as Burden and Byrd (2013) 

suggest. A model of teaching towards confronting alternative conceptions around 

galvanic cell could be the integration of teaching strategies that are student-oriented 

and teacher-oriented joined where the position of the teacher in the continuum 

student-oriented on one side and teacher-oriented in the other side. The teacher could 

teacher could always be inclined more towards the student-oriented side as most 

researched strategies did. This way the usefulness of teacher-oriented side will not be 

totally neglected when confronting alternative conceptions. This research suggests a 

new way towards addressing alternative conceptions around galvanic cell. The term 
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for the proposed model is teacher-student oriented continuum model, which integrates 

student-oriented and teacher-oriented teaching strategies.  

Teacher-student continuum model tends to accommodate both teaching strategies 

which are both student-oriented and teacher-oriented. The proposed model suggests 

that student-oriented teaching strategies can be tempered with those that are teacher-

oriented. Kaur (2013) is in agreement that teachers must be conscious of alternative 

conceptions hence tackle them through demonstration and laboratory work. 

Demonstration is a teacher oriented strategy while laboratory work is student oriented, 

which supports this research’s teacher-student oriented continuum model where the 

two strategies coexist in a continuum, not as separate entities that can be used 

separately, or like Burden and Byrd’s approach (2013) that proclaims that teaching 

strategies exist in a continuum where a teacher can decide which one to select and 

use. This seems to suggest that teacher-oriented and student-oriented strategies 

cannot be used independently of each other, but the teacher-student oriented 

continuum model is proposing they can be used together in a continuum. 

 

The teaching strategies that are teacher oriented, e.g. demonstration and prompts 

may also assist in the understanding and retention of concepts in the minds of students 

(Ali, 2012); hence they could also improve student achievement in the examination but 

may not enhance understanding. Student oriented teaching strategies can therefore 

dominate during teaching for dealing with alternative conceptions around galvanic cell 

while teacher oriented approach could also be part of the teacher-student continuum 

model during examination preparation to ensure that alternative conceptions around 

galvanic cell are minimized. 

 

However, in this teaching model to confront alternative conceptions, the teacher could 

also be inclined more towards student-oriented teaching strategies, since previous 

researches have proved that student-oriented teaching strategies are better than 

teacher-oriented strategies. Nevertheless, this research has found that teachers, as 

practising professionals, do use teacher-oriented teaching strategies to address 

alternative conceptions. The area of student-oriented teaching strategies is well 

researched; hence teaching strategies that teachers use comes not only by diagnostic 

reports and teachers’ experience, but also informed by research literature in 
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electrochemistry. Teachers’ experience and diagnostic reports tend to be inclined 

more towards teacher-oriented teaching strategies just like teacher do. This suggest 

that professional experience of teachers needs to be research and incorporated in 

tackling alternative conceptions through the proposed teacher-student oriented 

continuum model. 

 

It should be noted that the proposed teacher-student oriented continuum model may 

be employed to tackle alternative conceptions around galvanic cell. This model may 

also be used to teach electrochemistry, specifically galvanic cell. The model can then 

be employed to confront alternative conceptions of students around galvanic cell. 

Teacher-student oriented continuum model could be useful to improve student 

achievement in the examination. The summary recaps the above discussion on the 

findings of this research follows. 

 

5.3 SUMMARY AND CONCLUSION 

The findings from both quantitative and qualitative data confirmed that students and 

teachers hold alternative conceptions around galvanic cell with reference to sub-

questions 1 and 2. Chapter four summarises appropriately these alternative 

conceptions around galvanic cell. E10 (Ions from the electrolytes of the two half-cells 

travel across the salt-bridge) and also well confirmed by findings outside Garnett and 

Treagust’s (1992) list. It was also revealed by this research that teachers were aware 

of alternative conceptions around galvanic cell and were able to mention a few of these 

conceptions held by their students from the experience of working with them in the 

classroom. 

 There were a few alternative conceptions around galvanic cell mentioned by teachers 

that were unique to this study. These newly discovered alternative conceptions around 

galvanic cell of students according to the perspectives teachers were: 

 Cathode and anode are alike (AC1). 

 Gaseous and solid electrodes mean the same idea (AC2). 

 Any electrode which is a gas is a hydrogen electrode (AC3). 

 Cell reaction and cell notation are synonyms (AC4). 

 Electrode is the complete half-cell (AC5). 

 EMF is independent of concentration (AC 10). 
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Research sub-questions 3 and 4 were also answered through two null hypotheses. 

The first null hypothesis stated was not accepted as all p-value are 0.00 < 0.05 on 

coincidence.  The deduction was then put forth that: 

 The students’ alternative conceptions and teachers’ alternative conceptions 

around galvanic cell cannot be compared since a relationship could not be 

established. 

 

The second hypothesis was accepted; hence a conclusion was made that 

 The alternative conceptions of students around galvanic cell has no statistically 

significant relationship with examination achievement. 

 

These two null conclusions lead to the final conclusion that alternative conceptions 

around galvanic cell, even though they may infiltrate through from teachers to students 

and eventually to students’ examination papers, may not necessarily translate to poor 

achievement in the examination. 

 

Research sub-question 5 was answered when the findings further revealed the 

strategies employed by teachers to tackle alternative conceptions of students around 

galvanic cell in class lessons. It was concluded from the findings that the ways to 

address this topic in order for students’ achievement to improve in the examination, 

was to integrate teacher-oriented and student-oriented teaching strategies which 

resulted in a creation of the teacher-student oriented continuum model, where 

teachers are expected to put their weight towards the student oriented side of the 

model. This model suggests further research to test it with more than six teachers in 

an attempt to address the topic under consideration. 

 

 All five research sub-questions resulted in answers to the main question of this 

research, which asked: In what ways do teachers tackle alternative conceptions 

around galvanic cell that are known to them? It has been proven that whatever 

alternative conceptions around galvanic cell teachers have will definitely be present in 

the examination as a result of their influence on students’ perceptions, but this may 

not necessarily influence students’ achievement in the examination. The next 

paragraphs present the limitations of this research. 
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5.4 CONFINES OF THE STUDY 

This research was restricted to MST Academy schools at the Nkomazi municipality of 

Mpumalanga Province. The nature of this research design, which was a convergent 

mixed method design, warranted a limited number of schools hence the number of 

teachers was only six. The scope of the research was not wide enough for the 

quantitative data because only five schools were involved in the sample. The five 

schools and six teachers and 160 students who returned the quantitative 

questionnaires may not be enough for generalization to the whole population of the 

101 MST Academy schools. The quantitative research sample was limited to the five 

schools where the qualitative data was supposed to be collected from as well. The 

quantitative and qualitative sample was reasonably large since the study followed a 

mixed method approach.   

 

The sample was limited in order to accommodate the mixed method approach which 

accommodates qualitative data collection and quantitative data collection through the 

convergent mixed method design. Electrochemistry in this research was limited to 

galvanic cell only. The topic electrochemistry is normally dealt with in class just before 

the trial examination each year and for two weeks after the trial examination has been 

written. The final examination follows shortly after the trial examination. It was a 

challenge to involve every student in each school that participated in this research, 

especially with regard to the quantitative data. Students tend not to be at school for 

much of this period because schools are on recess.  

The proposed teacher-student oriented continuum model should be confined only to 

teaching towards addressing alternative conceptions around galvanic cell and not for 

teaching electrochemistry. This proposed model is an attempt to tackle alternative 

conceptions of students around galvanic cell in order to limit infiltration of alternative 

conceptions around galvanic cell to the examination since student achievement in this 

topic is not satisfactory. A discussion on what this research has brought to the body of 

knowledge is discussed in 5.5.    

5.5 CONTRIBUTION TO KNOWLEDGE 

Teachers and students held alternative conceptions around galvanic cell, some of 

which are affirmed by literature and others not. It is clear that these alternative 
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conceptions around galvanic cell prove to be persistent, but they can be minimised 

using appropriate teaching strategies and approaches. In the light of the work of 

researchers such as Sanger (1996), Sanger and Greenbowe (1997), Huddle and 

White (2000), Avargil, Bruce, Amar and Bruce (2015), Karamustafaoğlu and Mamlok-

Naaman (2015), Lee and Osman (2012), Talib, Matthews and Secombe (2005) and 

others, this research has exposed the existence of a new set of alternative conceptions 

around galvanic cell, which are: 

 The cathode and anode are alike (AC1). 

 Gaseous and solid electrodes mean the same idea (AC2). 

 Any electrode is a gas is a hydrogen electrode (AC3). 

 Cell notation and cell reaction are synonymous (AC4). 

 An electrode is the complete half-cell in a galvanic cell (AC5). 

 EMF is independent of concentration (AC 10). 

The second contribution to knowledge was through testing the two hypotheses. These 

null hypotheses tested the relationship between teachers’ alternative conceptions and 

students’ alternative conceptions around galvanic cell, and students’ alternative 

conceptions around galvanic cell and their achievement in the examination.  

 

The testing of two null hypotheses shed light on the fact that teachers may not always 

convey alternative conceptions around galvanic cell to students in a way that could 

affect student achievement in the examination, even though such alternative 

conceptions can be carried through to the examination. Hence the success of students 

in the examination may not be influenced by either the teachers’ or the students’ 

alternative conceptions around galvanic cell. As a result, teachers may pass 

alternative conceptions to students but this might not be reflected in the achievement 

of students in the examination. 

 

Teachers from the informed perspective by virtue of their professional experience, 

practice and expertise, came up with strategies they use to address alternative 

conceptions around galvanic cell, which shows that teachers were aware of these 

conceptions. Teachers appeared to be using teacher oriented and student oriented 

teaching approaches and strategies, which are usually seen as separate entities. This 

research has considered teachers’ professional experience and expertise in an effort 
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to confront alternative conceptions around galvanic cell by integrating the two 

approaches towards addressing these conceptions with regard to student 

achievement in examinations. This was because teachers were found to be integrating 

teaching strategies that employed teacher- and student oriented approaches.  

 

The integrated teaching strategies and approach resulted in a new model called the 

teacher-student oriented continuum model, which is a contribution to knowledge. This 

model is one attempt that links professional experience and teaching expertise that 

resulted from practice and which is informed by research expertise in the field of 

teaching electrochemistry. The teacher-student oriented continuum model, if properly 

implemented, could assist in the endeavour to address alternative conceptions of 

students around galvanic cell in electrochemistry and minimize the effect of alternative 

conceptions in examinations. Some endorsements from this research are put forward 

in the recommendations. 

 

5.6 RECOMMENDATIONS 

 

It would then be inappropriate to place the emphasis on a single teaching approach to 

tackle alternative conceptions of students around galvanic cell, entirely relying only on 

one teaching approach when addressing this topic. A lesson has been learnt from the 

teachers involved in this research, namely that using both teaching approaches might 

assist in tackling alternative conceptions around galvanic cell of students. Therefore, 

the best possible way to teach towards addressing this topic could be for teachers to 

lean towards teaching strategies that are student oriented, as illustrated in the teacher-

student oriented continuum model in which both approaches are employed in ways 

that complement each other. The two approaches (teacher-oriented and student-

oriented) could be viewed at as a continuum of teaching strategies where each is 

situated at the opposite end of the continuum.  

 

It could then become essential for teachers to be always conscious of the fact that one 

approach need not exist in isolation without the other. The right proportionality in the 

simultaneous usage of the two teaching approaches could depend on the purpose or 

outcome the teacher wishes to achieve depending on the alternative conceptions 

around galvanic cell of the students. Teachers could lean towards the student oriented 
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approach when teaching to address this topic and towards the teacher oriented 

approach when students are preparing for the examination but long after the 

curriculum content of the year has been completed. Teachers could address 

alternative conceptions around galvanic cell when they employ this teacher-student 

oriented continuum model, which would eventually result in the minimization of 

alternative conceptions around galvanic cell.  

 

Secondly, moderators, examiners and markers of Grade 12 Physical Sciences 

examination in South Africa could suggest strategies to address the topic of alternative 

conceptions around galvanic cell, not only from analysis of students’ scripts but also 

from informed findings of the available current research literature on strategies to 

address this specific topic. The national diagnostic report could then be developed 

from an informed perspective based on the research literature on how to confront 

identified alternative conceptions of students around galvanic cell that are identified in 

the scripts of students. Teaching strategies to tackle these known conceptions around 

galvanic cell should then be incorporated in the diagnostic report and teacher be 

assisted in the minimisation of those alternative conceptions around galvanic cell in 

their classes. 

 

Such researched teaching strategies could even be considered when textbooks are 

written. The Curriculum Directorate in the Department of Education would be able to 

influence publishers through the guidelines issued to those who produce textbooks. 

The textbooks could then be written in such a way that alternative conceptions around 

galvanic cell are minimized. 

 

5.7  DIRECTION FOR FUTURE RESEARCH 

 

Unfamiliar alternative conceptions around galvanic cell were discovered qualitatively 

from teachers’ perspectives. Further research is needed on the alternative 

conceptions of students around galvanic cell, as per teachers’ perceptions gained from 

their experience in teaching on galvanic cell. Research could also further confirm the 

new alternative conceptions around galvanic cell that have never been recorded in 
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literature, e.g. those highlighted under the heading ‘Contribution to knowledge’ in 

previous section of this research. 

 

Secondly, research literature that is available dealt with strategies to teach towards 

tackling alternative conceptions of students around galvanic cell using only student-

oriented approaches. There seems to be no literature on the use of the two 

approaches in a continuum as per proposed model (i.e. teacher-student oriented 

continuum model) in this research. Further research could consider teaching 

strategies that are not exclusively student oriented, but also those that are tempered 

with a teacher oriented approach. Perhaps a question to be asked is: ‘Why are our 

teachers from good schools still clinging to teaching strategies which combine student-

oriented and teacher-oriented approaches?’ and ‘Why are they using both teacher- 

and student oriented approaches in the form of a continuum even though they 

themselves lean to the side of the teacher-oriented approach?’ These questions are 

asked according to this research’s proposed model (i.e. teacher-student oriented 

continuum model) that attempts to tackle alternative conceptions around galvanic cell, 

which considers teaching strategies on a continuum between a student-oriented 

approach and a teacher-oriented approach. This opens up the whole possibility of 

research as to how the two approaches in a continuum can be best used to address 

alternative conceptions around galvanic cell. 

 

Research produces numerous solutions in the form of teaching strategies for teachers 

to address alternative conceptions around galvanic cell in electrochemistry. It could be 

time for research to be tempered with professional expertise and experience of 

teachers in the endeavour to confront alternative conceptions around galvanic cell in 

electrochemistry. 
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Appendix I: STUDENTS’ INTERVIEW PROTOCOL 

The participant takes part on voluntary basis in this interview. Feel free to discontinue the interview at 

any stage of the interview process. You can use a pseudo name for this interview. The data about the 

interview will be kept confidential and only be used for the purposes of research. 

Subject: Physical Sciences, grade 12                                       Date: _____________                                    

School’s Name (pseudonym): _____________________  

         

Interview protocol 

Who are your names (pseudonym) the ones you used in the questionnaires? 

Galvanic cell: Answer the following questions  

1 It is not often practicable to do experiments in galvanic cell. How do you do practical 

activities of galvanic cell in your class? (Possible probing: When last did you do a 

practical activity on galvanic cell? Is there any of you who have ever done in in the 

past?) 

2 How are elements arranged in the table of standard reduction potential?  

3 Explain the follow of current by ions in a galvanic cell? Probe question: Explain the 

movement of ions in the galvanic cell.  

4 How do you determine whether an anode and cathode using a table of the standard 

electrode potentials? 

5 How is current carried through the salt bridge in the electrochemical cell?  

Explain the movement of ions across  salt bridge. 

6 Explain the movement of electrons as one of current carriers in the zinc-copper cell? 

7 How do you determine which of the electrode is positive or negative between zinc and 

copper? 

8 Why is the anode of zinc-copper cell negatively charged and the cathode positively 

charged?  

9 Can you explain the whole current flow/ions and electrons in the zinc-copper cell? How 

is it carried throughout the cell?  

Complete the cell the circuit?  

 

Your contribution is appreciated  
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Appendix II: TEACHER’S INTERVIEW PROTOCOL 

The participant takes part on voluntary basis in this interview. Feel free to discontinue the interview at 

any stage of the interview process. You can use a pseudo name for this interview. The data about the 

interview will be kept confidential and only be used for the purposes of research. 

Subject: Physical Sciences, grade 12                                       Date: _____________                                    

School type: 

Teacher name (pseudonym): _____________________     Gender: ___________       

Age Group:  

18-24 25-30 31-35 35-40 41-above 

     

          

Interview protocol 

Interview questions on Galvanic cell: The following interview questions are based 

on the galvanic cell 

1. 

 

We know that galvanic cell is not something practicable. How do you go about 

dealing the practical issues of galvanic cell? Probe: How often do you show 

practical issues in galvanic cell?   

2. A student thinks standard reduction potential list of metals is arranged by 

decreasing reactivity. How can you go about assisting such a students who does 

not understand? 

3. One of the functions of the salt bridge is to make the circuit whole. How would you 

clearly explain to a student this function of the salt bridge? 

4. How would you go about to clarify to students the movement of current within salt 

bridge and the external circuit?   

5. How can you assist a student to determine which of the half-reactions occurs in 

the anode and which one occurs at the cathode? How do you help them explain 

which one is anode and which one is cathode? 

6. A student is having difficulty to identify which half-cell will generate electrons. How 

do you assist this student? 

7. How can you explain the polarity (i.e. positive/negative) of the electrodes (i.e. Zn 

and Cu) in relation to their identity as anode or cathode? 

Rural        Township  
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8. How can you teach a student who does not comprehend the transfer of electrons 

in the galvanic cell?  

9. How would you go about to clarify to the students who do not comprehend the 

flow of current in a galvanic cell? 

Follow up: How could you possibly clear this confusion?  

10. A student believes electrons move from the cathode through to anode by being 
carried by ions. How can you explain what is exactly happening? 

 Address 

11. Are there any electrochemistry alternate conceptions that you aware of?              

Possible probing question: Which are those alternate conceptions? 

12. How did you come to know about the above galvanic cell alternate conceptions?  

Possible probing questions: Is it from literature, subject advisor, etc.? 

13. How do you address the above electrochemistry alternate conceptions (i.e. 

misconceptions)? (i.e. teaching strategies; learning approaches and etc.) 

Probe: How do you do it? Or Do you plan your lesson to teach towards 

addressing alternate conceptions? 

14. What benefits is brought about your address of these galvanic cell alternate 

conceptions? 

                     

Your contribution is appreciated  
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Appendix  III: STUDENT’S QUESTIONNAIRE   
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Appendix IV: TEACHER’S QUESTIONNAIRE   

Teacher’s evaluation of students’ statements on galvanic cell 
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Appendix V: Normality of the distribution: teachers’ and students’ 

questionnaires 

 Mean Standard 

deviation 

Variance Median Mode Distribution  

Teachers 

data 

68.33 7.99 63.87 70.5 75 Normal  

Students 

data 

61.17 5.88 34.57 60.5 68 Normal  
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Appendix VI: Calculations on teachers and students of alternative conceptions 

about galvanic cell 

Table 16: Summary of results: teachers and students level of alternative conceptions 

Results and calculation Keys 

Values of X 

∑ = 410 

Mean = 68 

∑(X - Mx)2 = SSx = 319 

 

Values of Y 

∑ = 367 

Mean = 61 

∑(Y - My)2 = SSy = 172 

 

Combined values of  X and Y 

N = 6 

∑(X - Mx)(Y - My) = -202 

 

Calculation of the correlation (r) 

r = ∑((X - My)(Y - Mx)) / √((SSx)(SSy)) 

 

r = -202.333 / √((319.333)(172.833)) = -0.861 

Meta Numeric  

r = -0.7  

Values of X: X  

Values of  Y: Y 

Mx: Mean of X Values 

My: Mean of Y Values 

X - Mx and Y - My:  

Deviation scores 

(X - Mx)2 and (Y - My)
2: Deviation 

Squared 

(X - Mx)(Y - My): Product of Deviation 

Scores 

 

www.socscistatistics.com 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.socscistatistics.com/
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Appendix VII: Summary of teachers’ Likert scale analysis 

Item 

no. 
Statements 

Strongly 

Agree 
Agree 

Not 

Sure 
Disagree 

Strongly 

Disagree N 

n % n % N % N % n % 

E1 Standard reduction table of electrode potentials arranges metals by 

diminishing reactivity 

 

E1.1 

 

 

 

 

 

E1.2 

Standard reduction table 

of electrode potentials is 

arranged according to 

reducing or oxidising 

ability of the half-reactions 

1 16.7 1 16.7 0 0 0 0 3 50 6 

The table of standard 

reduction potentials is 

arranged according to the 

order of decreasing 

reactivity of the half-

reactions 

0 0   1 16.7 3 50 1 16.7 1 16.7 6 

E2 Only negatively charged ions are involved in the carrying  of current in the 

salt solutions and salt bridge 

 

E2.1 

 

 

 

 

E2.2 

The ions in the salt bridge 

allow a movement of 

current within the solution 

in the salt bridge 

0 0 1 16.7 4 66.7 0 0 1 16.7 6 

Only negatively charged 

ions are involved in 

movement of current 

within the solution inside 

the salt-bridge 

1 16.7 3 50 1 16.7 1 16.7 0 0 6 

E3 In an well-arranged table of electrode potentials, the metals with the highest 

negative E° value becomes  the cathode 

 

E3.1 

 

 

The cathode is an 

electrode with the higher 

E° value than the other in 

2 33.3 0 0 0 0 1 16.7 3 50 6 
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E3.2 

the ordered table of 

reduction potentials. 

An anode has the most 

positive E° value in a table 

of the standard reduction 

potential 

0 0 1 16.7 3 50 2 33.3 0 0 6 

E4 Anions and the electrolytic solution inside the salt bridge move electrons 

away from the cathode towards the anode 

 

E4.1 

 

 

E4.2 

Ions allow current to flow 

in the electrolytes 

1 16.7 0 0 0 0 1 16.7 4 66.7 6 

The anions inside the salt-

bridge transfer electrons 

away from the cathode 

towards the anode 

1 16 .7 3 50 1 16.7 0 0 1 16.7 6 

E5 Electrons travel through a salt solutions by being attracted to ions  

E5.1 

 

 

 

E5.2 

Ions in the salt bridge are 

attracted to the ions in the 

electrolytes 

0 0 2 33.3 0 0 2 33.3 2 33.3 6 

Electrons move in a 

solution by  being 

attracted from one to 

another 

0 0 4 66.7 0 0 2 33.3 0 0 6 

E6 Whether an electrode is an anode or cathode is dependent on its location in 

relation to the other on the table of potentials 

 

E6.1 

 

 

 

 

 

E6.2 

The identity of the anode 

and the cathode depends 

on which half-cell has a 

higher E° value than the 

other 

0 0 1 16.7 0 0 3 50 2 33.3 6 

The character of the 

anode and cathode is 

decided by the location of 

3 50 2 33.3 0 0 1 16.7 0 0 6 
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the half cells in the table of 

half-cells 

E7 The charge of the anode is positive since it has donated electrons; the 

charge of the cathode is negative since it has received electrons 

 

E7.1 

 

 

 

 

 

 

 

 

 

E7.2 

The charge of the anode 

is negative since it repels 

electrons away from it; the 

charge of the cathode is 

positive since it attracts 

electrons towards the 

surrounding positive ions 

waiting to be reduced by 

the electrons 

1 16.7 2 33.3 0 0 1 16.7 2 33.3 6 

The charge of the anode 

is positive since it donated  

electrons; the charge of 

the cathode is negative 

since it received electrons 

1 16.7 2 33.3 0 0 0 0 3 50 6 

E8 Electrons come in from the cathode to electrolyte, migrate across the 

electrolytes and salt-bridge to the anode to complete the circuit 

 

E8.1 

 

 

 

 

 

 

 

E8.2 

Electrons carry current 

within the wire from the 

negative  anode through 

to the positive cathode 

and ions in the electrolytes 

take current back to anode 

to complete the circuit 

1 16.7 2 33.3 1 16.7 2 33.3 0 0 6 

Electrons arrive in the 

electrolyte from the side of 

the cathode, move within 

the electrolyte in the salt 

bridge and then comes out 

0 0 2 33.3 0 0 1 16.7 3 50 6 
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through the anode and 

make the closes circuit  

E9 Electrons transfer within an electrolyte by affinity to the ions at the cathode 

hence conveyed by the very ions to the anode 

 

E9.1 

 

 

 

 

E9.2 

Electrons leaves the anode 

moving through the wire and 

arrive at the cathode             

0 0 0 0 0 0 1 16.7 5 83.3 6 

Electrons are transferred by 

ions through an electrolyte 

since they attach themselves 

to ions by the attraction force 

between them 

1 16.7 2 33.3 0 0 1 16.7 5 33 6 

E10 Ions from the electrolytes of the two half-cells travel across the salt-bridge  

E10.1 

 

 

 

 

 

 

E10.2 

The zinc ions from the zinc 

sulfate solution travel 

towards the salt-bridge for 

keeping electrical neutrality 

of the galvanic cell 

0 0 4 66.7 0 0 1 16.7 1 16.7 6 

The zinc ions from the zinc 

sulphate solution travel 

through the salt bridge for  

keeping electrical neutrality 

of the galvanic cell 

2 33.3 0 0 0 0 3 50 1 16.7 6 
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Appendix VIII: Summary of students’ Likert scale analysis 

Item

s no. 
Statements 

Strongly 

Agree 
Agree 

Not 

Sure 
Disagree 

Strongly 

Disagre

e 
N 

n % n % n % n % n % 

E1 Standard reduction table of electrode potentials arranges metals by 

diminishing reactivity 

E1.1 

 

 

 

 

 

 

 

 

 

 

E1.2 

The table of 

standard 

reduction 

potentials is 

arranged 

according to 

reducing or 

oxidising 

ability of the 

half-reactions 25 15,6 17 10,6 8 5 54 33,8 56 35 

160 

The standard 

reduction 

potentials 

chart is 

arranged in 

accordance 

with the order 

of decreasing 

reactivity of 

the half-

reactions 21 13,1 49 30,6 

3

4 

21,

3 38 23,8 18 

11,

25 

160 

E2 Only negatively charged ions are involved in the carrying  of current 

in the salt solutions and salt bridge 

E2.1 The ions in 

the salt 

bridge allow 

a movement 

of current 27 16,9 

1

8 11,3 

1

5 9,4 

5

4 33,8 46 28,8 

16

0 
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within the 

solution in 

the salt 

bridge 

E2.2 Only 

negatively 

charged ions 

are involved 

in movement 

of current 

within the 

solution 

inside the 

salt-bridge 24 15 

6

6 41,3 

2

3 14,4 

3

5 21,9 12 7,5 

16

0 

E3 In an well-arranged table of electrode potentials, the metals with 

the highest negative E° value becomes  the cathode 

 

E3.1 The cathode 

is an 

electrode 

with a higher 

E° value than 

the other in 

the ordered 

table of 

reduction 

potentials 19 11,9 

3

6 22,5 

1

1 6,9 

2

9 18,1 65 40,6 

16

0 

E3.2 An anode 

has the most 

positive E° 

value in table 

of the 

standard 

reduction 

potential 54 33,8 

3

7 23,1 9   5,6 

3

8 23,8 22 13,8 

16

0 

E4 Anions and the electrolytic solution inside the salt bridge move 

electrons away from the cathode towards the anode 
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E4.1 Ions allow 

current to 

flow in the 

electrolytes 26 16,3 

3

7 23,1 

2

1 13,1 

4

9 30,6 27 16,9 

16

0 

E4.2 The anions 

inside the 

salt-bridge 

transfer 

electrons 

away from 

the cathode 

towards the 

anode 31 19,4 

3

7 23,1 

1

2 7,5 

4

5 28,1 35 21,9 

16

0 

E5 Electrons travel through a salt solutions by being attracted to 

ions 

 

E5.1 Ions within 

the salt 

bridge are 

attracted 

towards the 

ions inside 

the 

electrolytes 27 16,9 

4

9 30,6 

5

0 31,3 

2

0 12,5 14 8,8 

16

0 

E5.2 Electrons 

travel inside 

an electrolyte  

by an 

attraction 

force   from 

one ion to the 

other 8 5 

2

7 16,9 

2

8 17,5 

5

7 35,6 40 25 

16

0 

E6 Whether an electrode is an anode or cathode is dependent on its 

location in relation to the other on the table of potentials 

 

E6.1 

 

The anode 

and the 

cathode 33 20,6 

2

5 15,6 

1

5 9,4 

3

0 18,8 57 35,6 

16

0 
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E6.2 

characters is 

determined 

by the point 

that which 

half-cell has 

a higher E° 

value than 

the other 

The 

character of 

the anode 

and cathode 

is decided by 

the location 

of the half 

cells in the 

table of half-

cells 29 18,1 

4

1 25,6 

3

1 19,4 

3

8 23,8 21 13,1 

16

0 

E7 The charge of the anode is positive since it has donated 

electrons; the charge of the cathode is negative since it has 

received electrons 

 

E7.1 

 

 

 

 

 

 

 

 

 

 

 

 

 The charge 

of the anode 

is negative 

since it repels 

electrons 

away from it; 

the charge of 

the cathode 

is positive 

since it 

attracts 

electrons 

towards the 

surrounding 

positive ions 36 22,5 

3

8 23,8 

1

4 8,8 

3

4 21,3 38 23,8 

16

0 
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E7.2 

waiting to be 

reduced by 

the electrons 

The charge 

of the anode 

is positive 

since it 

donated  

electrons; the 

charge of the 

cathode is 

negative 

since it 

received 

electrons 40 25 

2

3 14,4 

1

3 8,1 

4

1 25,6 43 26,9 

16

0 

E8 Electrons come in from the cathode to electrolyte, migrate 

across the electrolytes and salt-bridge to the anode to complete 

the circuit 

 

E8.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

E8.2 

Electrons 

carry current 

within the 

wire from the 

negative  

anode 

through to 

the positive 

cathode and 

ions in the 

electrolytes 

take current 

back to 

anode to 

complete the 

circuit 24 15 

2

8 17,5 

3

9 24,4 

3

8 23,8 31 19,4 

16

0 

Electrons 

arrive in the 25 15,6 

2

7 16,9 

3

3 20,6 

4

7 29,4 28 17,5 

16

0 
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electrolyte 

from the side 

of the 

cathode, 

move within 

the 

electrolyte in 

the salt 

bridge and 

then comes 

out through 

the anode 

and make the 

closes circuit  

E9 Electrons transfer within an electrolyte by affinity to the ions at 

the cathode hence conveyed by the very ions to the anode 

 

E9.1 

 

 

 

 

 

 

E9.2 

Electrons 

leaves the 

anode 

moving 

through the 

wire and 

arrive at the 

cathode             22 13,8 

3

3 20,6 

1

6 10 

4

1 25,6 48 30 

16

0 

Electrons are 

transferred 

by ions 

through an 

electrolyte 

since they 

attach 

themselves 

to ions by the 

attraction 

force 16 10 

3

7 23,1 

4

8 30 

3

8 23,8 21 13,1 

16

0 
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between 

them 

E10 Ions from the electrolytes of the two half-cells travel across the 

salt-bridge 

 

E10.

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

E10.

2 

The zinc ions 

from the zinc 

sulfate 

solution 

travel 

towards the 

salt-bridge for 

keeping 

electrical 

neutrality of 

the galvanic 

cell 45 28,1 

4

6 28,8 

2

0 12,5 

3

1 19,4 18 11,3 

16

0 

The zinc ions 

from the zinc 

sulphate 

solution 

travel through 

the salt 

bridge for  

keeping 

electrical 

neutrality of 

the galvanic 

cell 7 4,4 

1

9 11,9 

3

1 19,4 

5

7 35,6 46 28,8 

16

0 
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Appendix IX: Inferential statistics: Teachers 

 

Teacher’s evaluation of students’ statements 

on galvanic cell N Correlation Sig. 

Pair 1 The table of standard reduction potentials is 

arranged according to reducing or oxidising 

ability of the half-reactions 

and 

The standard reduction potentials chart is 

arranged in accordance with the order of 

decreasing reactivity of the half-reactions 

6 0.922  

 

 

0.009 

Pair 2 The ions in the salt bridge allow a flow of current 

within the electrolyte in the salt bridge. 

and 

Only negatively charged ions constitute a flow of 

current in the electrolyte inside salt bridge. 

6 0.525 0.285 

Pair 3  The cathode is an electrode with a higher E° 

value than the other in the ordered table of 

reduction potentials 

and 

An anode has the most positive E° value in table 

of the standard reduction potential 

6 0.874 0.023 

Pair 4 Ions allow current to flow in the electrolytes 

and 

The anions inside the salt-bridge transfer 

electrons away from the cathode towards the 

anode 

6 0.860 0.028 

Pair 5 Ions within the salt bridge are attracted towards 

the ions inside the electrolytes 

and 

Electrons travel inside an electrolyte  by an 

attraction force   from one ion to the other 

6 0.945 0.004 
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Pair 6 The anode and the cathode characters is 

determined by the point that which half-cell has a 

higher E° value than the other 

and 

The character of the anode and cathode is 

decided by the location of the half cells in the 

table of half-cells 

6 0.312 0.547 

Pair 7 The charge of the anode is negative since it 

repels electrons away from it; the charge of the 

cathode is positive since it attracts electrons 

towards the surrounding positive ions waiting to 

be reduced by the electrons 

and 

The charge of the anode is positive since it 

donated  electrons; the charge of the cathode is 

negative since it received electrons 

6 0.956 0.003 

Pair 8 Electrons carry current within the wire from the 

negative anode through to the positive cathode 

and ions in the electrolytes take current back to 

anode to complete the circuit 

and 

Electrons arrive in the electrolyte from the side of 

the cathode, move within the electrolyte in the 

salt bridge and then comes out through the 

anode and make the closes circuit 

6 0.935 0.006 

Pair 9 Electrons leaves the anode moving through the 

wire and arrive at the cathode    

and          

Electrons are transferred by ions through an 

electrolyte since they attach themselves to ions 

by the attraction force between them 

6 0.070 0.895 
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Pair 

10 

The zinc ions from the zinc sulfate solution travel 

towards the salt-bridge for keeping electrical 

neutrality of the galvanic cell 

and 

The zinc ions from the zinc sulphate solution 

travel through the salt bridge for  keeping 

electrical neutrality of the galvanic cell 

6 0.946 0.004 
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Appendix X: Inferential statistics: Students 

 
Identification of electrochemistry 

alternative conceptions 
N Correlation Sig. 

Pair 1 The table of standard reduction potentials is 

arranged according to reducing or oxidising 

ability of the half-reactions 

and 

The standard reduction potentials chart is 

arranged in accordance with the order of 

decreasing reactivity of the half-reactions 

160 0.682 

 

0.000 

Pair 2 The ions in the salt bridge allow a flow of 

current within the electrolyte in the salt bridge. 

and 

Only negatively charged ions constitute a flow 

of current in the electrolyte inside salt bridge. 

160 0.713 0.000 

Pair 3  The cathode is an electrode with a higher E° 

value than the other in the ordered table of 

reduction potentials 

and 

An anode has the most positive E° value in 

table of the standard reduction potential 

160 0.872 0.000 

Pair 4 Ions allow current to flow in the electrolytes 

and 

The anions inside the salt-bridge transfer 

electrons away from the cathode towards the 

anode 

160 0.761 0.000 

Pair 5 Ions within the salt bridge are attracted 

towards the ions inside the electrolytes 

and 

Electrons travel inside an electrolyte  by an 

attraction force   from one ion to the other 

160 0.624 0.000 
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Pair 6 The anode and the cathode characters is 

determined by the point that which half-cell 

has a higher E° value than the other 

and 

The character of the anode and cathode is 

decided by the location of the half cells in the 

table of half-cells 

160 0.789 0.000 

Pair 7 The charge of the anode is negative since it 

repels electrons away from it; the charge of 

the cathode is positive since it attracts 

electrons towards the surrounding positive 

ions waiting to be reduced by the electrons 

and 

The charge of the anode is positive since it 

donated  electrons; the charge of the cathode 

is negative since it received electrons 

160 0.774 0.000 

Pair 8 Electrons carry current within the wire from the 

negative  anode through to the positive 

cathode and ions in the electrolytes take 

current back to anode to complete the circuit 

and 

Electrons arrive in the electrolyte from the side 

of the cathode, move within the electrolyte in 

the salt bridge and then comes out through the 

anode and make the closes circuit 

160 0.524 0.000 

Pair 9 Electrons leaves the anode moving through 

the wire and arrive at the cathode    

and          

Electrons are transferred by ions through an 

electrolyte since they attach themselves to 

ions by the attraction force between them 

160 0.715 0.000 
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Pair 

10 

The zinc ions from the zinc sulfate solution 

travel towards the salt-bridge for keeping 

electrical neutrality of the galvanic cell 

and 

The zinc ions from the zinc sulphate solution 

travel through the salt bridge for  keeping 

electrical neutrality of the galvanic cell 

160 0.627 0.000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

196 
 

Appendix XI:  Normality of the distribution: students’ questionnaires and 

examination marks 

 Mean Standard 

deviation 

Variance Median Mode Distribution  

Exam scores 33.11 23.87 569.57 29 29 Normal  

Questionnaire 

Scores 

60.95 10.75 115.56 61 61 Normal  
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Appendix XII: Calculation of Students’ questionnaire data and examination 

marks 

Result and calculation Key 

Values of  X 

∑ = 5298 

Mean = 33.112 

∑(X - Mx)2 = SSx = 90561.975 

Values of Y 

∑ = 9752 

Mean = 60.95 

∑(Y - My)2 = SSy = 18373.6 

X and Y Combined 

N = 160 

∑(X - Mx)(Y - My) = -891.1 

Calculation of correlation (r)  

r = ∑((X - My)(Y - Mx)) / √((SSx)(SSy)) 

r = -891.1 / √((90561.975)(18373.6)) = -0.0218 

Meta numeric  

r = -0.0218 

X: X Values 

Y: Y Values 

Mx: Mean of X Values 

My: Mean of Y Values 

X - Mx and Y - My: 

Deviation scores 

(X - Mx)2 and (Y - My)
2: 

Deviation Squared 

(X - Mx)(Y - My): Product 

of Deviation Scores 

 

www.socscistatistics.com 

 

 

 

 

 

 

 

 

 

 

http://www.socscistatistics.com/
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Appendix XIII: Teachers’ Rating: Mean Score and Standard Deviation on 

Students’ Alternative Conceptions around Galvanic Cell  

Item no. 
Teachers’ evaluation of students’ statements on 

galvanic cell 
N 

Rating 

score 

Standard 

deviation 

E1.1 

 

 

E1.2 

The table of standard reduction potentials is arranged 

according to reducing or oxidising ability of the half-

reactions 

6 3.67 1.751 

The standard reduction potentials chart is arranged in 

accordance with the order of decreasing reactivity of the 

half-reactions 

6 2.67 1.033 

E2.1 

 

E2.2 

The ions in the salt bridge allow a movement of current 

within the solution in the salt bridge 

6 3.83 0.983 

Only negatively charged ions are involved in movement of 

current within the solution inside the salt-bridge 

6 3.67 1.033 

E3.1 

 

E3.2 

The cathode is an electrode with a higher E° value than the 

other in the ordered table of reduction potentials 

6 3.50 1.975 

An anode has the most positive E° value in table of the 

standard reduction potential 

6 2.83 0.753 

E4.1 

E4.2 

Ions allow current to flow in the electrolytes 6 4.17 1.602 

The anions inside the salt-bridge transfer electrons away 

from the cathode towards the anode 

6 3.50 1.378 

E5.1 

 

E5.2 

Ions within the salt bridge are attracted towards the ions 

inside the electrolytes 

6 3.67 1.366 

Electrons travel inside an electrolyte  by an attraction force   

from one ion to the other 

6 3.33 1.033 

E6.1 

 

E6.2 

The anode and the cathode characters is determined by 

the point that which half-cell has a higher E° value than the 

other 

6 4.00 1.095 

The character of the anode and cathode is decided by the 

location of the half cells in the table of half-cells 

6 4.17 1.169 
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E7.1 

 

 

 

E7.2 

 The charge of the anode is negative since it repels 

electrons away from it; the charge of the cathode is 

positive since it attracts electrons towards the surrounding 

positive ions waiting to be reduced by the electrons 

6 3.17 1.722 

The charge of the anode is positive since it donated  

electrons; the charge of the cathode is negative since it 

received electrons 

6 2.67 1.862 

E8.1 

 

 

E8.2 

Electrons carry current within the wire from the negative  

anode through to the positive cathode and ions in the 

electrolytes take current back to anode to complete the 

circuit 

6 2.67 1.211 

Electrons arrive in the electrolyte from the side of the 

cathode, move within the electrolyte in the salt bridge and 

then comes out through the anode and make the closes 

circuit  

6 2.17 1.472 

E9.1 

 

 

E9.2 

Electrons leaves the anode moving through the wire and 

arrive at the cathode             

6 4.83 0.408 

Electrons are transferred by ions through an electrolyte 

since they attach themselves to ions by the attraction force 

between them 

6 4.17 1.169 

E10.1 

 

 

 

E10.2 

The zinc ions from the zinc sulfate solution travel towards 

the salt-bridge for keeping electrical neutrality of the 

galvanic cell 

6 2.83 1.329 

The zinc ions from the zinc sulphate solution travel through 

the salt bridge for  keeping electrical neutrality of the 

galvanic cell 

6 2.83 1.722 
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Appendix XIV: Distribution of correlations in the pairs of questions: Teachers 
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Appendix XV: Students’ Rating: Mean Score and Standard Deviation on 

Students’ Alternative Conceptions around Galvanic Cell   

Item 

no. 
Identification of electrochemistry alternative  conceptions N Mean 

Standard 

deviation 

E1.1 

 

 

 

E1.2 

The table of standard reduction potentials is arranged 

according to reducing or oxidising ability of the half-reactions 

160 3,62 1,449 

The standard reduction potentials chart is arranged in 

accordance with the order of decreasing reactivity of the half-

reactions 

160 3,11 1,232 

E2.1 

 

E2.2 

The ions in the salt bridge allow a movement of current within 

the solution in the salt bridge 

160 3,46 1,440 

Only negatively charged ions are involved in movement of 

current within the solution inside the salt-bridge 

160 3,34 1,192 

E3.1 

 

E3.2 

The cathode is an electrode with a higher E° value than the 

other in the ordered table of reduction potentials 

160 3,53 1,496 

An cathode has the most negative E° value in the table of the 

standard reduction potential 

160 3,39 1,493 

E4.1 

 

E4.2 

Ions allow current to flow in the electrolytes 160 3,09 1,366 

The anions inside the salt-bridge transfer electrons away from 

the cathode towards the anode 

160 2,90 1,472 

E5.1 

 

 

E5.2 

Ions in the salt bridge are attracted towards the ions inside the 

electrolytes 

160 2,66 1,160 

Electrons travel inside an electrolyte  by an attraction force   

from one ion to the other 

160 2,41 1,178 

E6.1 

 

E6.2 

The anode and the cathode characters is determined by the 

point that which half-cell has a higher E° value than the other 

160 3,33 1,581 

The character of the anode and cathode is decided by the 

location of the half cells in the table of half-cells 

160 3,12 1,319 

E7.1 

 

 

 

E7.2 

The charge of the anode is negative since it repels electrons 

away from it; the charge of the cathode is positive since it 

attracts electrons towards the surrounding positive ions waiting 

to be reduced by the electrons 

160 3,00 1,521 

The charge of the anode is positive since it donated  electrons; 

the charge of the cathode is negative since it received 

electrons 

160 2,85 1,571 
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E8.1 

 

 

E8.2 

Electrons carry current through the outside circuit from the 

anode to the cathode and ions in the electrolytes take the 

current back to the anode to complete the circuit 

160 3,15 1,333 

Electrons arrive in the electrolyte from the side of the cathode, 

move within the electrolyte in the salt bridge and then comes 

out through the anode and make the closes circuit 

160 2,84 1,331 

E9.1 

 

 

E9.2 

Electrons leaves the anode moving through the wire and arrive 

at the cathode             

160 3,38 1,444 

Electrons are transferred by ions through an electrolyte since 

they attach themselves to ions by the attraction force between 

them 

160 2,93 1,182 

E10.1 

 

 

E10.2 

The zinc ions from the zinc sulfate solution travel towards the 

salt-bridge for keeping electrical neutrality of the galvanic cell 

160 2,57 1,372 

The zinc ions from the zinc sulphate solution travel through the 

salt bridge for  keeping electrical neutrality of the galvanic cell 

160 2,28 1,132 
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Appendix XVI: Distribution of correlations in the pairs of questions: Students  
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Appendix  XVII: Student’s consent letter 

 
 TO:       THE PARENT(S)/GUARDIAN(S) 
               EHLANZENI DISTRICT MUNICIPALITY 
               
 FROM:   MR SIPHO NHLANHLA DLAMINI 
      MST Academy- Emalahleni (Mpumalanga Dept of Education) 
      Email: sndlamini89@gmail.com/30498597@mylife.UNISA.ac.za 
                Contact: 0762364789/0723058247/ 0136902411(w) 
             
DATE:   ........................................................... 
 
 Re:  Permission to conduct research with the assistance of your child 
 
I, Sipho Nhlanhla, herewith, kindly, request to conduct research with the assistance of 
your child as part of my studies for PhD: Chemistry Education.  There are 
questionnaires and interview that your child is requested to assist in answering. The 
details of my research are: 
 
Topic           :Students’ and Teachers’ Misconceptions about Electrochemistry: A case 

of    Mathematics, Science and Technology Academy schools in 
Mpumalanga Province 

University    : University of South Africa (UNISA) 
Supervisor   : Prof C.E. Ochonogor 
Supervisor’s contact details: 0216801570/ Ochonogorc@cput.ac.za 
 
Participation in this research is voluntary. The responses and information that is 
provided in this research is anonymous and will be kept confidential. Individuals will 
not be identified anywhere in this research study and participants are not required to 
provide their name in the entire research. Disguised names will be used where 
necessary for participants, respondents and institutions . 
 
The participant  is free to withdraw from the research at any time without any negative 
or undesirable consequences to themselves. A copy of the informed consent form is 
attached for your filling and signature attchment. 
 
I will appreciate if my humble request could be accepted because the findings thereof 
will be beneficial to our schools, municipality and the country at large.                                                                                                                                                                   
 
 
   Dlamini S.N.                                                                   ___________________                                   
   Reseacher                                                                        Date                                                          
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TO BE COMPLETED BY THE PARENT(S)/GUARDIAN(S) 
 
I,________________________ parent/guardian to ___________________who is in  
Grade 12 hereby agree/ disagree that my child take part in the research. 
 
NB:  Delete what ever not applicable in the statement above and return to the school. 
 
 
Signature____________________________  Date____________________ 
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Appendix XVIII: Teacher’s questionnaire 

TO:       THE PHYSICAL SCIENCES TEACHER 

               EHLANZENI DISTRICT MUNICIPALITY 

 FROM:   MR SIPHO NHLANHLA DLAMINI 

      MST Academy- Emalahleni (Mpumalanga Dept of Education) 

      Email: sndlamini89@gmail.com/30498597@mylife.UNISA.ac.za 

                Contact: 0762364789/0723058247/ 0136902411(w)      

DATE:   ............................................. 

 Re:  Permission to conduct research with you 

 

I, Sipho Nhlanhla, herewith, kindly, request to conduct a research with your assistance 

as part of my studies for PhD: Chemistry Education.  There are questionnaires, 

interview, lesson observation and trial examination script analysis of your learners that 

you are requested to assist with. The details of my research are: 

 

Topic          :   Students’ and Teachers’ Misconceptions about Electrochemistry: A case 

of Mathematics, Science and Technology Academy schools in 

Mpumalanga Province 

University    : University of South Africa (UNISA) 

Supervisor   : Prof C.E. Ochonogor 

Supervisor’s contact details: 0216801570/ Ochonogorc@cput.ac.za 

Participation in this research is voluntary. The responses and information that is 

provided in this research is anonymous and will be kept confidential. Individuals will 

not be identified anywhere in this research study and participants are not required to 

provide their name in the entire research. Disguised names will be used where 

necessary for participants, respondents and institutions. 

The participant is free to withdraw from the research at any time without any negative 

or undesirable consequences to themselves. A copy of the informed consent form is 

attached for your filling and signature attachment. 

I will appreciate if my humble request could be accepted because the findings thereof 

will be beneficial to our schools, municipality and the country at large.                                                                                                                                                                   

 

   Dlamini S.N.                                                                   ___________________                                   

   Researcher                                                                        Date                                                          
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TO BE COMPLETED BY THE PHYSICAL SCIENCES TEACHER 

 

I, ________________________ the Physical Sciences teacher in Grade 12 hereby 

agree/ disagree to take part in this research. 

 

NB:  Delete whatever not applicable in the statement above. 

 

Signature____________________________ Date____________________ 
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Appendix XIX: HOD’s permission letter to conduct research  

 

  



 

209 
 

Appendix XX: ISTE Ethical Clearance 
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Appendix XXI: College of Science, Engineering and technology (CSET) Ethical 

Clearance 

 


