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ABSTRACT 

 

There is a general consensus regarding the value of computer-based instructional strategies for 

science education, however the implementation of related pedagogical practice in South 

African rural schools continues to be a significant challenge for many teachers. The research 

reported in this study sought to explore the extent to which physical sciences teachers adopt 

21st century computer-based instructional strategies in teaching chemical reactions in Grade 11 

in order to assist learners in successfully developing science skills required for effective living 

and work in the 21st century. The current  research followed a mixed methods approach. In the 

first phase of the research, the researcher used quantitative research methods to collect 

quantitative data using a validated questionnaire. Participants in this regard were grade 10 to 

12 Physical Science teachers from rural schools in the Mpumalanga province, in South Africa. 

In the second phase, qualitative data were collected through interviews. The emerging data 

were then used to provide an in-depth explanation of the quantitative data.  

Results showed that the participating teachers generally uses textbooks and worksheets to teach 

chemical reactions. Computers and computer-based strategies were least used by the teachers. 

Similarly, teaching methods that are computer-based were least used by the teachers. However, 

other 21st century teaching methods, such as facilitated discovery, cooperative learning, and 

problem-based learning, were used. The findings also showed that resources availability, 

teachers’ skills and learners’ preferred learning styles were among the major reasons why 

teachers adopt certain teaching methods and strategies. These teachers are likely to use 

facilitated discovery as their teaching method (Figure 7.2). The significance of this finding is 

that it demonstrates that teachers are unlikely to use computer-based teaching methods and 

strategies in teaching and learning. It is therefore essential that teacher-training programmes, 

such as continuing professional development (CPD), should consider these findings in their 

attempt to enhance the adoption of computer-based methods for teaching in chemistry. 

 

Key Terms: Physical Sciences, adoption, computer-based instructional strategies, chemical 
reactions, 21st century, Grade 11, teaching, instructional strategies, sciences teachers 
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1 	CHAPTER 1: INTRODUCTION 
 
1.1 Introduction	
 
Chemistry is an important branch of science in which learners learn about the chemical 

properties of nature around them.  Previous research has shown that chemistry as a subject is 

generally difficult for learners as they may have difficulties understanding the chemical and 

molecular structure of matter among other topics. This is because in chemistry learners are 

taught abstract concepts which are difficult to visualize with a naked eye (Taber, 2002). In 

cases where new knowledge is built on these concepts, the emerging learning difficulties means 

learenrs may not be able to understand other related concepts if they have difficulties 

undertanding foundational concepts (Sirhan, 2007). 

 

Other researchers have suggested that learners may also find it difficult to cognitively navigate 

between  macroscopic and microscopic worlds in which chemistry concetps exist (for example, 

Sirhan, 2007). Examples include, among others, chemical bonds. However, chemical bonds are 

one of the fundamental concepts to learning chemistry. Hence, the present research explored 

strategies for integrating computer-based teaching for teaching chemical bonds in Grade 11 

Chemistry as a means to improve learners’ concept understanding. Reported in this thesis 

therefore is the problem statement that was explored in the research together with the related 

rationale, research aims and questions, theoretical framework, and research methods used as 

well as findings which are discussed against existing literature on the subject. For the benefit 

of the reader, however, the following section presents a conceptualisation of key concepts 

central to this research. This is aimed at enhancing the clarity of the thesis to the reader. This 

is also aimed at ensuring that the reader and the author have the same conceptualisation of these 

key concepts, which are central to the present study.  

 

1.1.1 Conceptualisation	of	key	concept		
 

To clarify concepts and propose relationships among these concepts in this research and thus 

provide a context for interpreting the research findings, the following concepts discussed below 

are considered significant for the present research. 
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a) Computer-based teaching  

 

Computer-based teaching (CBT) is defined as a teaching method by which computerised 

learning activities are central to the teaching (Lau, 2014). In this form of teaching, learners and 

teachers interact with a computerised multimedia program that serves as a single source for 

knowledge attainment rather than playing an adjunctive role, as it does in computer-assisted 

learning (Lau, 2014). According to Moreno, Mayer, Spires, and Lester (2001), instructional 

designers’ conception of science, scientific concepts, teaching and learning has a significant 

impact on the manner with which they incorporate computer-based teaching. In some instances, 

instructional designers may follow a teaching-as-transmitting approach while in some cases tey 

may follow a teaching-as-communicating approach. The approach chosen has an impact on the 

extent to which learners will learn effectively. 

 

b) Integrated teaching 

 

An integrated teaching approach is an approach which emphasises interconnectedness between 

different concepts and aspects of the curriculum rather than focusing on one concept alone 

(Bransford, Vye, Kinzer, & Risko, 1990). It “allows learners to explore, gather, process, 

enhance and present information about themes they want to investigate without the restrictions 

imposed by traditional subject barriers” (Pigdon & Woolley, 1992). Thus, it allows learners to 

engage in purposeful, relevant learning. In addition, in this form of teaching, learners get the 

opportunity for self-directed learning which could be facilitated by teachers. 

 

c) Teaching strategies 

 

A teaching strategy is defined as an instructional method which is used to transfer knowledge 

in a learning environment, such as classroom or online. It comprises the theoretical principles 

that are used to guide the instructional method selected (Orlich, Harder, Callahan, Trevisan & 

Brown, 2013). 
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d) Physical Science 

 

Physical Science is a school subject in the South African basic education curriculum which is 

taught in grades 10 to 12 as an optional subject. In it, learners learn foundational concepts of 

physics and chemistry. According to the school curriculum, Physical Sciences teaches physical 

and chemical phenomena through various teaching and learning methods. These methods 

include scientific enquiry through which learners learn the application of scientific knowldge 

in order to explain and predict events in the physical environment (Department of Basic 

Education, 2011). In physical sciences learners are equipped with skills through which they 

can study their environment through scientific skills and knowledge of physical and chemical 

phenomena (Department of Basic Education, 2011). 

 

e) Chemistry 

 

Chemistry can be defined as the study of matter and materials. It teaches the manner in which 

matter and energy interact in the natural world (Kelder, 2008). Given its abstract nature, 

chemistry uses various models for teaching and learning. Some of these models may be used 

in other related fields such as biology, mathematics and physics, while others are unique to 

chemistry (Coll & Treagust, 2003). As asserted by Nahum, Hofstein, Mamlok-Naaman and 

Bar-Dov (2004), the theoretical content of chemistry in itself, is a set of models which are used 

to communicate, teach and research. Thus, teachers in particular need to make extensive use of 

models for chemical bonds in their teaching. As such, one of the requirements for teaching 

chemistry is that teachers should be experts in the development and use of various models used 

in chemistry. This means that they need to be able to select, develop and use appropriate models 

within their teaching environments (Coll & Treagust, 2003). 

 

f) Chemical bond  

 

One of the critical concepts taught in grade 10 and 11 chemistry in South Africa is that of 

chemical bonds. Chemical bond refers to an electrical force of attraction between atoms.  this 

concept is fundamental because various other concepts in chemistry are built on it. Research 

however, has shown that chemical bonds are a difficult concepts for most learners to understand 

due to its abstract nature. As a result, teachers use various models to enhance learning (Frailich, 
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Kesner & Hofstein, 2009).  Teachers therefore need to be aware of the sources of learning 

difficulties related to chemical bonds, as well as the models that could be used to reduce these 

learning difficulties (Frailich et al., 2009). 

 

g) Rural areas 

 

In the South African context, schools are classified into five quintiles, based on the availability 

of teaching and learning resources. School with the least teaching and learning resources are 

classified as quintile 1 while those well resourced are classified as quintile 5. The distribution 

of resoruces is done according to the quintile system, with the aim of redressing inequalities 

(Hall & Giese, 2009). Thus, by rural areas, the current researcher is referring to schools that 

belong to quintile 1. As such, these schools are granted a no-fee status. In some cases, some 

schools, mainly from quantile 1, are classified as “no-fee schools” and learners receive free 

education which is subsidized by the state (Hall & Giese, 2009). 

 

Having clarified the definitions of the above key concepts, the researcher will now present the 

research problem statement that informs the present research. 

 

1.2 Problem	Statement		
 
The research problem at the centre of the present research is the apparent poor chemistry 

content understanding among South African learners reported by various researchers. As 

discussed below, this problem has major ramifications for the country as a whole and therefore 

requires urgent attention. The present research is one effort aimed at addressing this problem.  

 

The global competitiveness report of 2018 has painted a concerning picture regarding South 

Africa’s global standing (Schwab, 2018). In this report, it is suggested that South Africa is 

ranked 67th in the competitive index, 134th on the quality of the education system, 138th on the 

quality of maths and science education and 126th on the quality of primary education (Schwab, 

2018). These figures paint a bleak picture of South Africa’s education system overall. A further 

analysis of South Africa’s education system, related to Physical Sciences suggest that there is 

a fundamental problem related to the teaching and learning of the subject. As shown in Table 

1.1, for example, in 2010 only 47.8% of Grade 12 learners passed the subject. However, as can 

be seen from Table 1.1, there has been a steady improvement in learners performance since 
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2010. Though the improvement is noted towards 2013 in Table 1.1, in 2014 and 2015 the 

learner marks decreased trivially.  

 

Table 1.1 
Previous national grade 12 Physical Science final results 
 

Year No. wrote No. achieved at 30% and above % achieved at 30% and above 

2010 205 364 98 260 47.8 

2011 180 585 96 441 53.4 

2012 178 887 109 700 61.3 

2013 184 383 124 206 67.4 

2014 167 997 103 348 61.5 

2015 193 189 113 121 58.6 

2016 192 618 119 427 62.0 
 

(Source: http://www.education.gov.za/Document- sLibrary/Reports/tabid/358/Default.aspx)  

 

The poor performance in Physical Science also reflect poor performance in the Chemistry 

section as seen from Table 1.2. Thus, the need for the current research follows the observed 

poor national performance of the learners in Chemistry in the final school National 

Examination in South Africa. Table 1.2 summarises the performance in the chemistry . 

 
Table 1.2 
Performance in the chemistry section of the South African national Grade 12 examinations, 
2013 
 

Question Average performance (%) Content 

1 38.4 One word items - all topics 

2 44.4 Multiple choice – all topics 

3 40.4 Organic nomenclature 

4 45.8 Physical properties of organic compounds 

5 37.0 Organic reactions 

6 23.7 Reaction rate 

7 30.5 Chemical equilibrium 

8 29.4 Galvanic cells 

9 17.2 Electrolytic cells 

10 19.1 Batteries 

11 31.6 Fertilisers 
 
(Source: http://www.education.gov.za/Document- sLibrary/Reports/tabid/358/Default.aspx)  
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Chemistry is often considered a challenging subject, an observation that sometimes deters 

learners from continuing with studies in chemistry (Sirhan, 2007). Previous research suggests 

that factors that may be associated with poor performance in Physical Science could be 

classified as direct and indirect influences (Mji & Makgato, 2006). The factors that have a 

direct influence include what actually happens in the classroom in relation to the curriculum. 

These include factors such as teaching strategies, content knowledge, and availability of 

resources. Factors that have indirect influences are those that are not directly related to the 

curriculum such as the socio-economic status of learners.  

 

One of the sources of the apparent poor chemistry content understanding among South African 

learners is teachers’ lack of content knowledge. For example, Mji and Makgato (2006) report 

that some learners reported their learning difficulties and a need to be assisted as the teacher 

was too fast for them to follow precisely what was taught. The learners wanted someone who 

is patient and who will not get angry with them (Mji & Makgato, 2006). This suggests that the 

teaching strategies that the teacher was using created some kind of learning difficulties to some 

of the learners. In addition, Chisholm (2009) also noted that many South African science 

teachers are under-qualified or have science degrees in disciplines other than physical science. 

Thus, as confirmed by Kapting’el and Rutto (2014) teachers should have a constructivist 

instructional philosophy to give learners the opportunity to meaningfully construct knowledge 

through active participation and interaction, rather than have learners memorise information by 

rote. The teacher therefore is expected to facilitate learning by guiding knowledge construction 

through appropriate teaching methods (Hickey, Moore & Pellegrino, 2001; Martin, Sexton & 

Gerlovich, 1999). 

 

Regarding content knowledge, Mji and Makgato (2006) argue that learners have learning 

difficulties with Physical Science. For example, they report that learners insisted that they 

sometimes memorise concepts without understanding. This is because, even if the learners 

posed questions to the teacher, the teacher would indicate that he does not know. The teachers, 

according to Mji and Makgato (2006), confessed that they had shortcomings with respect to 

certain sections of the content they were teaching. Similarly, Frailich et al. (2009) found that 

learners had difficulties in understanding the relationship between particles and matter, as well 

as the chemical bonds between ionic, molecular, and metal structures. Various studies have 

also indicated that learning difficulties in chemistry and physics could be due to teachers’ lack 
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of knowledge (Sirhan, 2007). Hence, Zimmerman (2015) confirms that the need for well-

qualified and capable physical science teachers is evident.  

 

The language of instruction has also been identified in literature as another major cause of poor 

chemistry content understanding among South African learners. For example, Mji and 

Makgato (2006) report that some learners find it difficult to undertand scientific concepts due 

to the language of instruction used for teaching and learning. Other researchers have also 

attested to this view and shown that using English as a medium of instruction to second 

language English speaking learners could lead to learning difficulties (O’Toole & Schefter, 

2008). The level of difficulty with English according to O’Toole and Schefter (2008) is likely 

to impede learners’ acquisition of scientific ideas. Thus, considering that Physical Science 

introduces its own terminology may compound learners learning difficulties associated with 

language, thereby negatively affecting learners’ understanding of the subject and resulting in 

the development of misconceptions (Mji & Makgato, 2006).  

 

Poor infrastructure and a lack of adequate resources have also been identified as a source of 

poor chemistry content understanding among South African learners. For example, 

constructivist experiential learning theories suggest that learning occurs effectively through 

hands-on activities (Kapting’el & Rutto, 2014). Therefore, researchers (for example, 

Kapting’el & Rutto, 2014) suggest that laboratory practical activities should be used in 

secondary school Physical Science instruction. Mji and Makgato (2006) assert that the 

significance of laboratory in science education is that learners develop  higher order learning 

skills such as problem solving. Kapting’el and Rutto (2014) agree with this view and argue that 

exposure to laboratory practical activities could enhance content understanding and 

subsequently performance.  However, one of the points that learners complained about in the 

study by Mji and Makgato (2006) was the lack of laboratory equipment in South African 

schools. As a result, learners are taught Physical Science theoretically which hampers their 

abilitity to understand and apply knowledge. As a result, learners perform poorly (Kapting’el 

& Rutto, 2014). 

 

The factors mentioned above can create some learning difficulties for the learners. As learners 

take in and process information in different ways, teachers should strive to balance their 

instructional methods so that all learners can be taught partly in a manner they prefer (Fleming 

& Baume, 2006; Felder & Spurlin, 2005). This could lead to an increased comfort level and 
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willingness to learn. However, when mismatches exist between the learning styles of learners 

in a class and the teaching styles of the teacher, the learners may become bored (Fleming & 

Baume, 2006).  

 

While reports in the literature suggest that CBT strategies improve learners’ content 

understanding (Frailich et al., 2009), there is a dearth of literature regarding their potential 

impact on learners’ content understanding in chemistry, particularly within the South African 

rural schools’ context. Research is urgently required to explore CBT strategies in chemistry 

education in rural areas in South Africa, as a potential alternative to laboratories, which may 

be costly to set up and manage. Consequently, the research gap that the research intended 

exploring is the dearth of knowledge regarding strategies that Grade 11 chemistry teachers use 

to teach chemical reactions in rural areas, and thus determine the topic-specific PCK which 

teachers need in order to effectively teach chemical reactions in chemistry in rural areas and 

also, develop strategies that could be used to integrate computer-based teaching of chemical 

reactions in Grade 11 chemistry and to improve concept formation with regard to the teaching 

and learning of chemical reactions.  

 

1.3 Aim	of	the	study	
 
Based on the above discourse, the present study sought to explore the extent to which physical 

sciences teachers adopt 21st-century computer-based instructional strategies in teaching 

chemical reactions in Grade 11 in order to assist learners in successfully developing the 21st-

century skills they will need to be successful in work and life. Based on this research aim, the 

following research objectives were pursued: 

• Determining teaching strategies that Grade 11 chemistry teachers adopt when teaching 

chemical reactions in rural schools; 

• Exploring how the adopted teaching strategies support the learners’ acquisition of the 

21st-century skills in chemistry; 

• Investigating how computer-based teaching could be effectively integrated in the 

teaching of chemical reactions in Grade 11 chemistry; and,  

• Determining the extent to which teachers have the topic-specific PCK needed in order 

to effectively teach Grade 11 chemical reactions in rural areas. 
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1.4 Rationale		
 
The present researcher postulates that CBT could enhance learners’ content understanding and 

improve their performance in chemistry. This potential benefit is the main reason why the 

present research was conducted. As mentioned earlier, computer-based teaching strategies have 

been shown to enhance content understanding among learners. They offer teachers alterative 

techniques of delivering content, and enhance learner-centred learning that could inspire 

learners. In CBT environments, Sorden (2005) stated that instructional units are often 

accompanied by a substantial use of multimedia that is intended to motive learners to study. 

Additionally, Frailich et al. (2009) asserted that in small groups where computer-based 

activities are done, the interaction between learners is increased significantly. Additionally, 

research has shown that interaction between learners and teachers and between learners and 

content is increased in small groups where computer-based activities occur. These interactions 

in turn increase learning as learners develop an in-depth understanding of the science concepts. 

For example, Linn, Clark and Slotta (2003) as well as Mistler-Jackson and Songer (2000) have 

shown that CBT strategies have the potential to enhance learner motivation, and afford learners 

an opportunity to gain a deeper and comprehensive understanding of the content. 

 

Correspondingly, Barak and Dori (2005) have shown that CBT strategies in chemistry have a 

direct effect on learners understanding of content that exists at a  macroscopic, microscopic, 

symbolic, and chemical levels. Barak and Dori (2005) also show that CBT strategies enhance 

learners’ understanding of chemical concepts, theories, and molecular structures. Similarly, 

Ardac and Akaygun (2005) found that CBT strategies lead to significantly better performance 

among learners. 

 

Given that the fundamental purpose of chemistry teachers is to enhance learners’ understanding 

of scientific ideas and chemical phenomena, the current researcher argues that it is imperative 

that effective teaching strategies be adopted (Barak, 2007). In addition to CBT strategies, 

teachers could make use of strategies that facilitate the development of problem-solving skills 

by integrating everyday-life experience (Dori & Hameiri, 2003). This could be applied in those 

concepts that are generally seen as difficult and complicated such as chemical reactions (Taber, 

2002). Additionally, the current researcher believes that concepts such as atomic structures, the 

particulate nature of matter and chemical bonds should be taught using CBT strategies and be 

integrated in everyday-life. By adopting these strategies, teachers could reduce the frequency 
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and nature of misconceptions that are formed when learners learn about concepts that exist at 

molecular levels (Harrison & Treagust, 2000). Consequently, they tend to build themselves 

alternative conceptions and non-scientific mental models (Taber, 2002). 

 

While CBT strategies could be effective, Mishra and Koehler (2006) caution that these 

strategies could have the potential to change the nature of the classroom. Teachers therefore 

would need thorough training in the use of CBT strategies. For example, CBT strategies may 

use various analogies, illustrations, simulations and animations, which teachers may not be 

familiar with. Additionally, CBT strategies could also include models which could lead to a 

development of new learning difficulties. As a result, teachers certainly need to be well aware 

of the limitations and benefits of CBT strategies. Nevertheless, Frailich et al. (2009) suggests 

that generally, CBT strategies enhance learning. Hence, incorporating such interactive 

simulations is effective for both learners and teachers in strengthening the learning and teaching 

process. Thus, the current research sought to explore the extent to which physical science 

teachers adopt 21st-century computer-based instructional strategies in teaching chemical 

reactions in Grade 11 in order to assist learners in successfully developing the 21st-century 

skills they will need to be successful in work and life. 

 

The current research therefore is essential because having 21st-century computer-based 

instructional strategies in teaching goes beyond simply identifying problems with existing 

approaches. Findings could offer new perspective for teaching chemistry through sound, 

pragmatic decision-making (Mishra & Koehler, 2006).  

 

1.5 Research	questions		
 
The present research seeks to respond to the following research question: 

 

To what extent do physical sciences teachers adopt 21st century computer-based instructional 

strategies in teaching chemical reactions in Grade 11?  

 

The research has four major objectives from which four major research sub-questions have 

emanated. These sub-questions are listed below: 

• What teaching strategies do Grade 11 chemistry teachers adopt when teaching chemical 

reactions in rural schools? 
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• How do the adopted teaching strategies support the learners’ acquisition of the 21st-

century skills in chemistry? 

• How could computer-based teaching be effectively integrated in the teaching of 

chemical reactions in Grade 11 chemistry?  

• To what extent do teachers have the topic-specific PCK needed in order to effectively 

teach Grade 11 chemical reactions in rural areas? 
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2 CHAPTER	2:	LITERATURE	REVIEW:	THE	THEORETICAL	
FRAMEWORK		

 

 
2.1 Introduction			
 
As stated earlier, the present research explored the extent to which physical science teachers 

adopt 21st-century computer-based instructional strategies in teaching chemical reactions in 

Grade 11 in order to assist learners in successfully developing the science skills for effective 

living and working in the 21st-century. In doing so, the study was framed on existing theories 

of teaching and learning, which were used to identify the research methods used and to 

conceptualise teaching and learning within the study. These theories emanated from the 

literature and were used by the current researcher as a theoretical framework for the current 

research. As a result, in the present chapter, the researcher reviews these theories, which 

include the cognitive theory of multimedia learning (CTML), topic specific pedagogical 

content knowledge (TSPCK) and technological pedagogical and content knowledge (TPACK). 

These theories were identified by the current researcher as most relevant and applicable to the 

present research, as will be discussed in detail below.   

 

2.2 The	theoretical	framework	that	frames	the	present	research	
 
The theoretical framework of the present research (Figure 2.1) is based on research which 

suggests that teachers have and continuously develop their pedagogical content knowledge 

(PCK) (Shulman, 1987). Emanating from such PCK, these teachers will also be in possession 

of topic-specific PCK, which is specific to the topics they teach (Malcolm, Mavhunga, & 

Rollnick, 2019). Additionally, teachers will have technological pedagogical content knowledge 

(Mirsha & Koehler, 2006). It is further argued that, for effective teaching in the fourth industrial 

revolution using computer-integrated teaching methods, teachers must rely on relevant 

teaching and learning theories. In the present study, it is argued that the cognitive theory of 

multimedia learning is one such Theory. Building onto this, the researcher argues that teachers 

in Physical Science must rely on 21st-century teaching methods, such as enquiry-based 

learning, cooperative learning, and project-based learning, etc. In adopting these teaching 

methods, teachers are also expected to use 21st-century teaching resources. These resources 

should include audio-visual materials and virtual reality, among others.  
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Figure 2.1. Theoretical framework for 21st century computer-based instructional 
strategies 
 

2.2.1 The	cognitive	theory	of	multimedia	learning	
 
The cognitive theory of multimedia learning (CTML) (Figure 2.2), as defined by Mayer (2005), 

is a theory that attempts to describe the learning process when words and pictures are used. 

This theory is based on the dual-channels assumption which suggests that information is 

cognitively processed through the verbal and visual channels. According to the limited capacity 

assumption, each of these channels can process a limited amount of material at a time. As a 

result effective learning requires that the learner engages actively with the material. In this 

section, the researcher will discuss the issues such as the case for multimedia learning, three 

assumptions for CTML, the three memory stores in multimedia learning, the five cognitive 

processes in the CTML, and conclude the section by outlining the five forms of representation 

(Mayer, 2005). 

 

2.2.1.1 Learning	through	multimedia		
 

21st century teaching 
resources

21st century teaching 
methods

CTML

TPACK & TS PCK

PCK
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Mayer (2005) suggests that learning occurs through words and pictures simultaneously or 

alternatively (Figure 2.2). According to the multimedia principle, effective learning occurs 

when learners use pictures and words simultaneously rather than either individually. Therefore, 

Mayers’ (2005) cognitive theory of multimedia learning attempt to explain how learning occurs 

through multimedia resources and through the dual learning channels. However, Mayer (2005) 

warns that not all multimedia presentations are equally effective. Hence, he stated that 

instructional messages should be designed in the light of how the human mind works in order 

to lead to meaningful learning. As a result, Mayer’s theory, which is evidenced-based, can be 

used by teachers, and instructional designers to develop and use multimedia instructional 

messages (Mayer, 2003; Mayer & Moreno, 2003). 

 

During learning, the multimedia instruction is used to communicate scientific phenomena using 

words and pictures (Figure 2.2; Mayer, 2005). In this regard, various models such as pictures, 

graphs, diagram, animation or text are used to communicate information. In some instances, 

compueter-based media may be used while in some cases paper-based media are used. 

Additionally, written, spoken or narrated text can be used. In the case of pictures, instructional 

designers may use static graphics or dynamic graphics. The purpose in this regard is to foster 

knowledge construction, retention and transfer. Additionally, instructional designers use 

multimedia resources in order to foster content understanding rather than mere memorisation 

of facts. Researchers therefore explore the extent to which multimedia is an effective method 

for teaching and learning, and particularly in understanding cognitive processes through which 

meaningful learning occurs. According to Mayer (2005), multimedia instructional messages 

should be designed in the light of how the human mind works in order for them to lead to 

meaningful learning. 

 

 
Figure 2.2: Cognitive theory of multimedia learning  
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Given the diverse preferred learning strategies, the current researcher argues that multimedia 

instructional message should cater for learners’ preferred learning strategies. As such, learners 

who learn effectively using visual and audio materials could benefit the most from instructional 

designs that are based on the CTML. In fact Mayer (2005) suggested that the development of 

the CTML was guided by four criteria. These are theoretical plausibility, testability, empirical 

plausibility and applicability. In this regard, theoretical plausibility means a theory must be 

consistent with other learning theories related to cognitive learning. Testability means the 

theory should be testable through scientific research. Empirical plausibility means a theory is 

based on empirical evidence while applicability means the theory is contextually and 

educationally relevant to the needs of teachers and learners. 

 
In addition to the above, the current researcher believes that an effective learning theory should 

be in line with existing learning theories. To this end, Mayer (2005) posits that the development 

of a multimedia instructional methods are depended on the designer’s conception of the 

learning process. He outlines the three assumptions underlying CTML, which are dual channels 

assumption, limited-capacity assumption, and active-processing assumption. With regards to 

the dual channels, Sternberg (2003) states that knowledge is processed through two distinct but 

interelated channels. The auditory/verbal channel is responsible for the processing of 

information that is perceived as sounds while the visual/pictorial channel is responsible for 

processing information that is perceived as images. However, there is a limit to the amount of 

information that each channel can process at any one time (Kahneman, 1973). This limit is 

referred to as the limited capacity. Therefore, effective learning occurs when information is 

presented to the two channels in a balanced and coherent manner that does not overwhelm or 

underwhelm the channels. This is because, meaningful learning requires a substantial amount 

of cognitive processing to take place in the verbal and visual channels. These processes include 

selecting, chunking and organising the information into logical cognitive structures that can be 

stored in the long term memory (Mayer, 2005).  
 

 
 

2.2.1.2 The	cognitive	process	in	the	CTML		
 

 
According to Mayer (2005) there are at least five cognitive processes that learners engage into 

during multimedia learning (Table 2.1). These are: selecting words and images, organising the 
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selected words and images into coherent verbal and pictorial representation as well as 

integration of the pictorial and verbal representation with prior knowledge. In the following 

paragraphs the cognitive processes are briefly outlined, as discussed in Mayer (2005). 

 

Table 2.1.  
The five cognitive processes in the CTML (adapted from Mayer, 2005)  
 

Process  Description  

Selecting words Learner pays attention to relevant words in a multimedia message to 
create sounds in working memory 

Selecting images Learner pays attention to relevant pictures in a multimedia message to 
create pictures in working memory 

Organising words Learner builds connections among selected words to create a coherent 
verbal model in working memory 

Organising images Learner builds connections among selected images to create a coherent 
pictorial model in working memory 

Integrating  Learner builds connections between verbal and pictorial models and 
with prior knowledge 

 

The first labelled step listed in Figure 2.2 refers to the interface between the external world and 

the cognitive structures where knowledge is transmitted and subsequently transformed from 

external presentation to a sensory representation. This knowledge is then processed in the 

internal working memory to create mental models. In this case, the knowledge inputted can be 

in the form of spoken words or narrated words which enter the cognitive structures through the 

ears, as aural knowledge. In the working memory, this knowledge is transformed, and re-

organized into a verbal model which could be integrated with a pictorial model and prior 

knowldge. 

 

Mayer (2005) suggests that the working memory selects some information from the sensonry 

memory for processing. This means, some information may be discarded as the working 

memory allocates cognitive resources such as attention only to some information. The selected 

information is usually that which is easier to process cognitively, or that which the learners is 

familiar with. Mayer (2005) emphasizes that the selection process is not arbitrary. Instead, 

learners determine which words are most relevant, a notion which supports the view that 

effective learning occurs when learners are actively engaged in the learning process. If the 

words are presented to the learners’s sensory organs through written text or onscreen, the 

selection process may be initiated begins in the visual channel and proceed to the auditory 

channel. However, if the information is presented as spoken words, the selection process may 

begins in the auditory channel. The selection process signifies the limited capacity assumption, 
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which as indicaed earlier, means the cognitive structrues can only process a certain amount of 

information at any one time, Therefore, the sensory memory, processing channels and the 

working memory seem to have a limited capacity. It is for this reason that multimedia 

instruction needs to direct learners’ attention to the most critical aspect of the instruction.. 

 

Within the cognitivism perspective, learning involves the transformation of knowledge from 

one form to another. This is supported by the CTML, which suggests that once information has 

been perceived, it is transformed from an external presentation format to a sensory 

representation. As indicated above, the sensory representation are a raw unanalysed form of 

knowledge which is later processed to form internal representation in working memory. Here, 

knowledge reaches the working memory (after the selection process) as pictorial model and is 

transformed into a visual image base (called images in Figure 2.2). 

 

The current researcher therefore argues that for multimedia learning to be effective, teachers 

and instructional designers must first manage the amount of information presented to the 

sensory organs to ensure that the channels are not overwhelmed due to their limited capacity. 

Additionally, instructional designers and teachers ought to facilitate the selection process by 

helping learners identify and select the important aspects of the information. This may include 

helping learners pay attention to the critical parts of the animation, picture, diagram or text. In 

particular, teachers and instructional designers could help learners when working with complex 

illustration or animations, which would otherwise overwhelm the learners cognitive structures. 

It is therefore important that teachers and instructional designers receive necessary training 

regarding the selection, design and use of multimedia instrucational strategies in order to 

enhance learning. 

 

Mayer’s (2005) CTLM suggests that once information has been selected in the working 

memory, it is then organized into coherent representations that are meaningful. These are 

refered to as the verbal model. This, however, requires that the input is the word sound base 

from a verbal message. Consequently, the verbal model, is a set of coherent  representations in 

the working memory which is made up of segnments of selected words or phrases. For this 

verbal model to be formed, learners must organise the selected words by building connections 

between the different segments of information. Given the limitedness of cognitive resources, it 

is likely that there is limited capacity to the amount of information that the organization process 

can handle at any one time. But more importantly, it is plausible that the organising process is 
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not arbitrary. Instead, learners engange in a meaning making and sense making process which 

leads to the construction of meaningful knowldge. 

 

The manner with which verbal knowledge is processed is the same as for pictorial knowledge, 

and these may be parallel  (Mayer 2005). Simialr to the formation of a verbal model, learners 

construct pictorial models by selecting and organizing pictorial segments of multimedia 

information (see Figure 2.1). What must be emphasized there is that in the same way that the 

processing of verbal information, support must be provided to learners to facilitate the process 

of selecting and organizing pictorial information. This support will ensure that learners are not 

overwhelmed with complex information. Instructional designers and teachers can also divide 

incoming information into segments that are easier for learners to comprehend and process. 

 

Once information has been selected, and organized, learners then integrate the verbal models 

and pictorial models by forming connections between word-based and image-based 

representations. This means, instead of having two distinct mental models, learners attempt to 

create a single coherent mental model made up of corresponding elements and relations from 

one model. Here, learners input a pictorial model and a verbal model and the output is an 

integrated model. What is also critical here is that the pictorial model and verbal model may be 

integrated with knowledge stored in as prior knowledge in the long term memory. As a result, 

the new integrated model may be made up of at least three forms of knowledge, namely, the 

pictorial model, verbal model and prior knowledge. These would be coherently integrated to 

one another throught mental connections. It must be emphasized that, should any one form be 

errounous, then the resulting integrated knowledge is likely to be errounous. It is for this reason 

that the process of constructing knowledge through multimedia resoruces needs to be managed 

carefully by well trained instructional designers and teachers.  

 

Mayer (2005) suggests that the integration of words and images as well as knowledge from 

long-term memory occurs in the working memory and is cognitively demanding and requires 

careful coordination to maximise the efficient use of cognitive resources including the limited 

cognitive capacity. This integration process epitomizes meaning-making in the learning 

process, and in it learners ought to be actively engaged. Generally, the cognitive processes 

involved in the construction of knowledge may occur repeatedly during and after knowledge 

presentation. These processes also occur simultaneously in a non-linear fashion. As a result, 
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the processing of information in the cognitive structures is a highly demanding process that 

must be managed carefully by teachers and instructional designers.  

 

In light of the above discourse, the present researcher believes that the cognitive theory of 

multimedia learning could describe how learners learn through computer-based learning. This 

is because, computers present information as multimedia in multiple forms. Therefore, the 

cognitive theory of multimedia learning could be used to guide the selection and use of 

multimedia during CBT. The extent to which teachers, in the South African context, are able 

to use CBT resources within the prescriptions of the CTML is however not well documented. 

Research is therefore necessary to understand the extent to which teachers use CBT resources, 

within the parameters of the CTML. 

 

2.2.2 Topic	specific	pedagogical	content	knowledge	(TSPCK)	
 

Effective teaching, as suggested by Rollnick and Mavhunga (2014), is not only about content 

knowledge but also the ability to reason profoundly about teaching. According to Shulman 

(1987), profound reasoning by teachers requires that they reflect on their teaching practice 

processes. Additionally, teachers ought to have a high level and amount of content, principles 

and experience from which to reason and reflect on their teaching practice. For the process of 

reasoning about teaching, Shulman (1987) proposed a pedagogical reasoning and action 

framework. This framework attempts to explain the reasoning process which comprises of 

comprehension of content knowledge, its transformation, the actual instruction, evaluation, 

reflection and new comprehension in a circlic manner. 

 

2.2.2.1 Components	of	TSPCK	
 

Mavhunga and Rollnick (2013) have since suggested that reasoning, involves transformation 

of content. They identified five knowledge components which may lead to the transformation 

of content. The five knowledge components as listed and explained in Zimmerman (2015) are 

as follows:  

• Learner prior knowledge: This includes any prior knowledge a learner has, any 

misconceptions relating to a topic, as well as her social and cultural context.  
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• Curricular saliency: This encompasses the decisions a teacher makes regarding what 

to include in a teaching programme, what to leave out, and what is appropriate for a 

particular grade level.  

• What is difficult to teach: There are several things that may make a topic difficult to 

present, these could include misconceptions about the learners or conceptual difficulties 

within a topic. It could also include environmental concerns, such as lack of resources, 

and overcrowding etc.  

• Representations and analogies: Any picture, graph, story, model, etc, that is used to aid 

understanding is included in this category. A teacher who is aware of the needs of her 

learners and has a good understanding of whatever concepts are involved will have a 

range of representations and analogies that she could draw on.   

• Conceptual teaching strategies: This category encompasses all the above categories 

and describes what teaching strategies a teacher employs to develop learners’ 

understanding of the correct scientific concepts.   

Thus, the five listed content-specific forms of knowledge are components of TSPCK.  

 

As argued by Rollnick and Mavhunga (2014), as teachers reason about their teaching method 

and process for a specific topic, they are likely to transform the content knowledge and develop 

revised knowledge for teaching the topic. Therefore, teachers may consider specific aspects of 

information in a topic, relate this with their experience of teaching it including how knowledge 

is organized and then come up with revised teaching methods or revised forms of knowledge 

organization. In particular, teachers may reason and reflect on the core concepts and how these 

should relate to subordinate concepts, and pre-concepts that are required for effective teaching 

and learning about the core concepts. 

 

As a result, the extent to which a teacher understand a topic may be reflected on how they 

reason with it, through their reflection using knowledge components as a collective. Rollnick 

and Mavhunga (2014) refer to this understanding knowledge for teaching a topic as TSPCK 

(Rollnick & Mavhunga, 2014). They suggest that given the uniqueness of topics, it is likely 

that the knowledge generated in reasoning about a topic may differ from topic to topic (Rollnick 

& Mavhunga, 2014). In addition, TSPCK, like PCK, may not be transferable. This means, a 

teacher’s TSPCK may not be identical for two or more topics. Additionally, good pedagogical 

transformations observed in one topic may not be observed in another (De Jager, 2015). In fact, 
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the current researcher argues, based on this reasoning, that pedagogical transformations 

observed in a topic at any one time, may differ to the pedagogical transformations observed in 

the same topic at a different time. It is perhaps for this reason that researchers have defined 

TSPCK as knowledge for teaching a topic by transforming its core concepts into versions that 

are teachable. TSPCK, according to Mavhunga, Mamvura and Akinyemi (2016), is 

pedagogical content knowledge (PCK), however, located at a specific topic, thus distinguished 

from the PCK in the whole discipline as such.  It is, thus, a sub-set of PCK and refers to the 

unique knowledge a teacher possesses about a topic that enables her to transform the content 

knowledge into something accessible for her learners (Zimmerman, 2015). A schematic 

representation of the TSPCK model designed by Mavhunga (2012) is given in Figure 2.3. 

 

 
 

Figure 2.3. A schematic diagram of the Topic Specific Model (adopted from Mavhunga 

(2012) 
 

As illustrated in Figure 2.3, the components of knowledge of context, knowledge of learners 

and pedagogical knowledge, underpinned by teacher and learner belief, all feed into and form 

teacher PCK. However, the focus of this model is the transformation of CK. They differentiated 

between the starting specific CK of a teacher, which they coded as K. This content knowledge 

then undergoes a transformation process and the resulting knowledge they termed transformed 

specific CK, which is coded as K. The space between C and K is where the transformation 

process occurs; this transformation process is termed topic specific PCK (TSPCK).  

 



 33 

As recommended by Abell (2008), developing PCK and TSPCK early on, may be beneficial 

to teachers as they progress and grow their repertoire of teaching methods overtime. In fact, 

researchers such as Mavhunga and Rollnick (2013) have suggested that it is possible, and 

necessary to help pre-service teachers develop PCK in a topic. In contexts such as the South 

African context, where research has shown that teachers may lack adequate content knowledge 

(CK), developing PCK early on may have far-reaching implications to improve the quality of 

teaching and learning (Rollnick, Bennett, Rhemtula, Dharsey & Ndlovu, 2008). It is partly for 

this reason that the current researcher sought to explore the extent to which physical sciences 

teachers adopt 21st-century computer-based instructional strategies in teaching chemical 

reactions in Grade 11 in order to assist them to transform the knowledge of chemical bonds 

into versions that are accessible for learning and thus develop learners 21st century skills.  

 

2.2.2.2 Measuring	TSPCK	
 

Researchers (Rollnick & Mavhunga, 2014) argue, however, that measuring the quality of 

TSPCK remains a complicated task, because TSPCK may be abstract and entrenched in the 

minds and experiences of teachers. Thus, researchers tend to explore, through qualitative 

means, teachers’ expressed thinking using a set of prompts called content representations 

(CoRe) accompanied by professional-experience repertoires (PaP-eRs) (Rollnick & 

Mavhunga, 2014). Through, these researchers attempt to capture qualitative reflections of 

teachers about their thinking and planning of lessons related to specific topics (Rollnick & 

Mavhunga, 2014). Zimmerman (2015) defines a CoRe as a means to organise teacher 

knowledge and PCK. According to Zimmerman (2015), it starts with extracting what the ‘Big 

Ideas’ are within a particular topic. He then defines Big Ideas as conceptual, almost non-

negotiable concepts necessary for understanding a particular topic. Thus, with each ‘Big Idea, 

the following questions are asked:   

• What do you intend the learners to learn about this idea?  

• What else do you know about this idea that you do not intend your learners to know 

yet?  

• Why is it important for learners to know this?  

• Difficulties/limitations connected with teaching this idea?  

• Knowledge about learner thinking which influences your teaching of this idea?  

• Other factors that influence your teaching of this idea?  
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• Teaching procedures and particular reasons for using these to engage with this idea?  

• Specific ways of ascertaining learner understanding or confusion around this idea?  
     
It must be stated that because the CoRe and the Pa-Pers are qualitative in nature, it remains 

difficult to quantitatively capture teachers’ TSPCK.  

 

The present researcher believes therefore that teachers using CBT should have adequate 

TSPCK, which would allow them to present correctly without inducing misconceptions. The 

extent to which teachers have the necessary TSPCK remains to be investigated. However, the 

present research postulates that, before using the CBT, teachers ought to ensure they have the 

necessary TSPCK, and hence it forms part of the present research’s theoretical framework.   

 

2.2.3 Technology	pedagogical	content	knowledge	(TPCK)	
 

Prior to Mishra’s and Koehler’s (2006) seminal work, teachers, researchers and instructional 

designers were of the view that technology had a specific set of knowledge and skills which 

teachers and learners had to learn which were not related to subject specific content. This was 

mostly applicable to ICT related teaching methods. As a result, teachers were subjected to in-

service training activities that sought to enhance their skills related to hardware and software. 

It was assumed that by mastering these skills, teachers would be able to teach effectively with 

ICT resources. However, Mishra and Koehler (2006) subsequently argued that technologies 

is laden with imperatives that could limit the nature and extent to which subject-specific 

content could be presented through them. They suggested that the knowledge of technology 

may not be isolated from the knowledge of pedagogy and content (Mishra & Koehler, 2006). 

Hence, in their framework, Mishra and Koehler (2006) argued that there ought to be 

connections, interactions, affordances, and constraints between and among content, 

pedagogy, and technology. 

 



 35 

 

 
 

Figure 2.4. Pedagogical technological content knowledge reflecting content, pedagogy, 

and technology as interrelated component of the teacehrs PCK (adapted from Mishra & 

Koehler, 2006). 

 

 

2.2.3.1 Components	of	Pedagogical	Technological	Content	Knowledge	
 

Mishra and Koehler (2006) posited that an expert teacher’s PCK would reflects an interlink 

between knowledge about content, knowledge about pedagogy, and knowledge about the 

technology for teaching. They argued that the relationship between these three components is€ 

intertwined and has a direct impact on each other. They supported views by other researchers      

(e.g., Hughes, 2005; Niess, 2005; and Zhao, 2003) that knowledge about instructional 

technology is not context-free. As such, effective teaching requires that teachers should have 

an adequate understanding of how technology relates to pedagogy and content. 

 

Given the argument presented by Mishra and Koehler (2006) researchers then sought to 

understand the relationship between the different components of TPCK, namely, PCK, TCK, 

TPK as well as TPCK. Shulman (1986) coined content and pedagogy and labelled it 

pedagogical content knowledge (PCK). Mishra and Koehler (2006) coined content, pedagogy 
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and technology, and labelled it technological pedagogical content knowledge (TPCK). 

Technological pedagogical content knowledge, as defined by Niess (2005), refers to the 

integration of knowledge of subject matter,  knowledge of technology and the knowledge of 

pedagogy for teaching. TPCK as a framework attempts to explain the teachers’ understanding 

of content, pedagogy, and technology and how these components interact with each other for 

effective teaching (Koehler, Mishra, Kereluik, Shin & Graham, 2014). Research has actually 

shown that an effective integration of the different domains could enhance a teacher’s ability 

to effectively teach subject matter with technology. 

 

Hence, the following elements, which are, content knowledge (CK), pedagogical knowledge 

(PK), pedagogical content knowledge (PCK), technological knowledge (TK), technological 

content knowledge (TCK) and technological pedagogical knowledge (TPK), and their 

relationships, are important in the framework developed by Mishra and Koehler and are 

discussed in the following sections.  

 

Mishra and Koehler (2006) refer to subject matter content as ‘content knowledge (CK)’. This 

is the knowledge that teachers teach. This knowledge must be mastered by teachers in order to 

teach it effectively and factually (Shulman, 1986). It consists of scientific facts, concepts, 

theories, and procedures. It also includes  explanatory frameworks that link different concepts 

and consolidate them. Additionally it may include ways of inquiry as well as the nature of 

knowledge in a given field. It is therefore imperative that teachers should have a fundamental 

understanding of this knowledge in order to help learners construct scientifically correct 

conceptions and mental models (Ball & McDiarmid, 1990). 

 

The knowledge of instructional processes and practices including planning for teaching, 

reflection on teaching and selecting and using relevant instructional tools and methods is 

referred to as pedagogical knowledge (PK) (Mishra & Koehler, 2006). It also includes an 

understanding of educational purposes, values, and aims as well as assessment methods and 

strategies. In relation to Mayer’s (2005) CTML, PK would also include a teacher’s knowledge  

of how learners construct knowledge including the cognitive processes that take place when 

learners engage new content. However, PK is not only limited to the knowledge of one learning 

theory, but it includes knowledge of various learning theories that reflect a wide range of 

learning styles.  As such, PK requires an understanding of cognitive, social, and developmental 
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theories of learning and how they relate to learners in their classroom. Ultimately, PK refers to 

knowledge of teaching methods and knowledge of learners. 

 

Pedagogical content knowledge (PCK) generally refers to Shulman’s notion of knowledge of 

pedagogy that is appropriate to the teaching of specific content (Mishra & Koehler, 2006). In 

PCK, content knowledge (CK) and pedagogical knowledge (PK) are integrated. Therefore, 

PCK refers to a teacher’s knowledge of the teaching method that is best suited for teaching 

specific content. PCK therefore refers to teacher’s knowledge of the teaching approaches that 

fit the content. In addition, this knowledge is different from the knowledge of a disciplinary 

expert and also from the general pedagogical knowledge shared by teachers across disciplines. 

Thus, according to Mishra and Koehler (2006), PCK reflects the methods used to represent and 

construct concepts, using specific pedagogical techniques. It also reflect teacher’s knowledge 

of factors that cause learning difficulties related to the learning of specific content, and 

instructional strategies that could be used to address these difficulties. As such, PCK highlights 

knowledge of instructional strategies that utilize specific conceptual representations in order to 

reduce learning difficulties and minimise the development of misconceptions. PCK also 

includes knowledge of the learner, their contexts, learning difficulties as well as prior 

knowledge they may bring in the learning environment. Thus, this knowledge of learners 

embraces their strategies, prior conceptions, misconceptions that they are likely to have about 

a particular domain, and potential misapplications of prior knowledge.  

 

Mishra and Koehler (2006) define technology knowledge (TK) as knowledge about 

instructional technologies, ICT, multimedia learning technologies and other standard 

technologies such as books. This knowledge includes knowledge of the nature of these 

technologies and how they may be used for teaching. For example, it may include knowledge 

of how to operate a computer, or how to control an animation in a multimedia learning platform. 

It also could include knowledge of computer operating systems, hardware, and related software 

and application tools. Given the regular advances in technologies, it is imperative that teachers 

attend regular training in order to have relevant skills and knowledge of TK available. As such, 

TK may also encompass the ability to learn and acclimatise to new technologies. 

 

Technological content knowledge (TCK), therefore refers to knowledge about the manner in 

which technology and content are mutually interrelated (Mishra & Koehler, 2006). This form 

of knowledge is relatively new given the recent emergences and advances in educational 
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technology. For example, newer technologies such as smartphones, often lead to the creation 

and adoption of newer representations. This means teachers need to constantly update their 

TCK in order to be able to select the most suitable technologies for teaching certain topics. 

This also means the representation used to represent certain concepts are constantly revised, 

and teachers need to be able to adapt to this changing environment. As a result, Mishra and 

Koehler (2006) posit that teachers need to have the knowledge of how subject matter can be 

transformed by the emergence and application of technology.  

 

Technological pedagogical knowledge (TPK) refers to the different teaching and learning 

technologies and how these might be incorporated to various teaching methods and strategies 

(Mishra & Koehler (2006). TPK therefore includes knowledge of the technologies available to 

the teacher, and being able to identify and use a specific set of technologies to teach a specific 

topic. It means teachers must be able to evaluate the affordances of each technology in relation 

to a specific topic, within a specific context and with a specific group of learners. This includes 

knowledge of tools for classroom management, and other teacher activities such as assessment, 

providing feedback or facilitating learning through means such as online discussion boards, 

and chat rooms. 

 

Given the definitions above, it follows then that technological pedagogical content knowledge 

(TPCK) integrates all the other three components of PCK, namely, content, pedagogy, and 

technology. This is because, TPCK, goes beyond the individual components, which may be 

mastered by a discipline or technology expert. It also goes beyond mere PCK which does not 

incorporate technology. As suggested by Mishra and Koehler (2006) TPCK is fundamental to 

effective teaching in the 21st century which is laden with instructional technologies and learners 

who are “born with and in technology”.  Therefore, teachers need to understand that effective 

teaching with technology requires knowledge of the representation of concepts using 

technologies; pedagogical techniques that use technologies in constructive ways to teach 

content; knowledge of what makes concepts difficult or easy to learn and how technology can 

help redress some of the problems that learners face; knowledge of learners’ prior knowledge 

and theories of epistemology; and knowledge of how computers can be used to build on 

existing knowledge and to develop new epistemologies or reinforce old ones.  

 

The current researcher argues therefore that, perhaps fundamental to the notion of TPCK is the 

view that given the variety of technologies available, the bredth of concepts available and the 
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diversity of learners and their learning styles, is not plausible to suggest that there is a single 

technological solution that can be used in all contexts. As such, the development of a teacher 

through experience, should be informed by his/her ability to adapt to the changing technologies, 

and teaching environments. In the context of Africanization and indiginization, it is therefore 

imperative that teachers have an appropriate knowledge of available technologies that could 

enhance the teaching of science within their contexts. Teachers need to understand the complex 

relationships between technology, content, and pedagogy, and use this understanding to 

identify, develop and use appropriate, context-specific strategies and representations.  

 

The current researcher also posits that, educational goals ought to define the nature of the 

relationship between the three components of TPCK. It is not plausible that technology goals 

should inform teaching, but that teaching should inform technology. It is for this reason that 

the current researcher believes that teachers need to be an integral part of advances in 

educational technology. This could be achieved, for example, through the involvement of 

teachers in the development of teaching and learning theories, and the subsequent application 

of these theories in the development of technologies that would most suit teaching and learning. 

The emergence of technology should therefore, encourage teachers to reflect on the 

fundamental pedagogical issues (Peruski & Mishra, 2004; Wallace, 2004).  

 

Viewing any of the TPCK components in isolation from the others represents a real disfavour 

to good teaching (Mishra & Koehler, 2006). This is because teaching and learning with 

technology exist in a dynamic symbiotic and transactional relationship between the three 

components. As a result, what happens on one component of TPCK may have a significant 

impact on the other components. For example, teaching chemistry (the content) would drive 

the kinds of representations to be used and the technologies used to display and manipulate 

them (Mishra & Koehler, 2006). In this example, teaching chemical reactions (content) may 

require the use of simulations (representation) through a computer. However, in the absence of 

computers, the same content could be taught using text-based 2D diagrams and pictures. In 

both cases, the learning outcomes could be the same, but the required TPCK could slightly 

differ. 

 

Some researchers (e.g., Niess, 2005) suggest that the TPCK framework should take into 

account four important aspects:  
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“1. An overarching conception of what it means to teach a particular subject, integrating 

technology in the learning process;  

2. Knowledge of instructional strategies and representations for teaching particular 

topics with technology;  

3. Knowledge of students’ understandings, thinking, and learning with technology; and 

4. Knowledge of curriculum and curriculum materials that integrate technology with 

learning.” 

In fact, research has shown that in some instances, teachers may lack skills for integrating 

technology (Niess, 2005). As such, these teachers may not use ICT devices in their classroom. 

Similarly, Li (2007) showed that many teachers have a negative attitude towards the integration 

of ICT in classrooms due to lack of knowledge of how their technology knowledge, 

pedagogical knowledge and content knowledge relate to one another. 

 

Subsequently, the availability of technologies for teaching has an impact on how teachders deal 

with  basic educational issues as it affects the interplay between the three TPCK elements 

(Mishra & Koehler, 2006). This is even more crucial for novice teachers. For instance, if a 

novice teacher plans a lesson using online technologies, they may be forced to reflect on their 

content knowledge, pedagogical knowledge and technology knowledge which would be suited 

for teaching a specific topic. If such a teacher has to develop a lesson for another topic, they 

again have to reflect on the inteplay between these TPCK components and be able to tranfer 

knowledge from one topic to another. This reflective process can be overwhelming for some 

teachers, even if they are well experienced (Peruski & Mishra, 2004). In addition to this, the 

constant reflection on learners needs, especially in cases where classrooms are large, could be 

overwhelming (Mishra & Koehler, 2006). Generally, newer technologies may force teachers 

to reconfigure not just their understanding of technology but of all three components. 

 

 

2.2.3.2 Applying	the	TPCK	framework	to	pedagogy	
 
 

While researchers generally agree about the significance of TPCK, there are general concerns 

about methods of developing it. For example, Mishra and Koehler (2006), suggest that 

traditional methods of training for in-service teachers, such as workshops, are not effective for 

developing TPCK among teachers. In fact, teachers’ mastery of technology in a skills 
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development workshop does not always translate into successfully incorporation of such 

technology into the classrooms. This is usually because, skills development workshops tend to 

present content-neutral generic software tools which teachers find it difficult to integrate into 

their classroom practice. For this reason, development of TPCK may require work-integrated 

learning, where teachers learn the technology as they use it. This way, they would have a better 

understanding of the technology and how it could be used to facilitate learning in the specific 

teaching and learning context. It follows therefore that, generic solutions may not be beneficial 

to teachers. Instead, it is experience with the technology in a specific context that helps develop 

TPCK. What is a challenge however is that access to the technology may limit teachers’ 

development of TPCK. Mishra and Koehler (2006) however argue that though part of the 

problem is a shortage of resources, there are profound and more inflexible issues related to 

values, goals, and methods that need to be addressed if appropriate and beneficial ways for 

teachers to integrate technology in their classrooms are to be developed. 

 

Mishra and Koehler (2006) proposed that context-neutral approaches to TPCK development 

are not likely to succeed because of their overemphasis on without integrating the appropriate 

pedagogical technology knowledge (PTK), technological content knowledge (TCK), or 

technological pedagogical content knowledge (TPCK). They posit that these forms of training 

fail to help teachers develop skills required for the integration of the three components of 

TPCK. Thus, it is recommended that pre-service teacher training should attempt to introduce 

student teachers to new technologies during their work-integrated learning. Such training 

would therefore provide teachers and teacher candidates with experiences with tangible 

educational problems to be solved by technology. Essentially, to adequately develop TPCK, 

authentic problem solving environments should be used. 

 

2.2.3.3 Learning	technology	by	design	
 

TPCK is an important framework to guide the design of curriculum, particualry in the 21st 

century where educational technology is on the rise. This is because, some curricula have failed 

because of the absence of a foundational framework which provides principles of learning and 

knowledge construction (Mishra & Koehler, 2006). Frameworks such as TPCK and theories 

such as Mayer’s CTML, provide curriculum designers with a framework that guide curriculum 

design and help create conceptually and epistemologically coherent learning environments.  
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Mishra and Koehler (2006) the design of educational technology represents an authentic 

context for teachers to learn about educational technology. This is because design-based 

activities could afford teachers with a context for learning and developing their TPCK while 

also helping them develop an understanding of the application of knowledge in the complex 

domains of real-world practice.  

 

Design-based activities also form an interlink with various models of project-based learning. 

Learning technology by design also creates an opportunity for learners to participate actively 

in the learning process while they take control and responsibility of their learning. According 

to Mishra and Koehler (2006), however, similar to TPCK in general, design requires real-life 

authentic learning experiences in order to be effective. 

 

2.2.3.4 Relationship	between	TPCK	and	Similar	Constructs	
 
 

While The TPCK framework has been discussed in the current dissertation, the researcher 

acknowledges that it is not the only framework that could be used to understand and explain 

teachers’ use of technology. However, researchers (e.g., Koehler et al., 2014) suggest that due 

to its effectiveness, it is regarded as one of the most effective. As such, the TPCK framework 

has received the most traction in research and in professional development approaches. 

According to Koehler et al. (2014), these similar frameworks have been developed both 

independently and directly in relation to TPCK framework. These are generally related to 

Shulman’s (1986) model of PCK. Models  related to TPCK include “ICT-related pedagogical 

content knowledge (ICT-related PCK); knowledge of educational technology; technological 

content knowledge; electronic pedagogical content knowledge (ePCK); and technological 

pedagogical content knowledge-web (TPCK-W)” (Koehler et al., 2014, p. 103).  

 

a) ICT-related PCK 
 

According to Koehler et al. (2014), ICT-related PCK refer to the knowledge of ICT which 

teachers must possess in order to effectively teach with ICT-related teaching methods. In 

addition to the PCK as discussed by Shulman, ICT-related PCK is knowledge and skills 

required to identify topics  that could be taught using ICT. It also includes knowledge and skills 

for identifying ICT-based representations for presenting content; identifying teaching 

strategies in which ICT could be integrated; the ability to select ICT tools to support content 
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delivery; as well as the actual infusing of ICT activities in teaching and learning (Koehler et 

al., 2014). Thus, the major difference between TPCK and ICT-related PCK is that ICT-related 

PCK specifies the nature and form of technology that is referred to, which TPCK does not.  

 
 

b)  Knowledge of Educational Technology 
 

According to Koehler et al. (2014) the TPCK framework emphasises the interactions between 

its components, namely, content, pedagogy, and technology. In this model, technology 

knowledge is regarded as separate component that interacts with all other forms of teacher 

knowledge. However, teachers’ knowledge of educational technology integrates three 

components, namely, content knowledge of educational technology, pedagogical knowledge 

of educational technology, and pedagogical content knowledge of educational technology.  

Thus, knowledge of educational technology puts more emphasis on educational technology as 

a critical component of pedagogical content knowledge. 

 

c) Technological Content Knowledge 

 

Technological content knowledge emphasizes the total interaction between technology and 

content (Koehler et al., 2014). It differs from the TPCK framework in that the TPCK framework 

conceptualises technology as a form of knowledge distinct from pedagogy and content.  

Technological content knowledge focuses on the areas of overlap between the three realms of 

necessary knowledge. 

 

d) Electronic Pedagogical Content Knowledge  

 

Electronic pedagogical content knowledge (ePCK) refers to knowledge that teachers must 

possess in order to effectively integrate electronic technology into classrooms (Koehler et al., 

2014). ePCK is not necessarily a framework, but a type of teacher knowledge that exists 

alongside knowledge of content and pedagogy. Unlike basic technical knowledge, ePCK 

zooms into a specific form of technology integration similar to ICT-related PCK (Koehler et 

al., 2014). It is important to note that electronic pedagogical content knowledge differs from 

the TPCK framework in that it emphasises pedagogical practices specific to electronic 

educational technology rather than conceptualising technology as a distinct realm of knowledge 

(Koehler et al., 2014).   
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e) Technological Pedagogical Content Knowledge-Web 

 

According to Koehler et al. (2014), technological pedagogical content knowledge-Web 

(TPCK-W) comprises the knowledge of TPCK components as well as knowledge of the the 

World Wide Web. In this regard, TPCK-W refers to teachers knowledge of what the World 

Wide Web is, how it is developed, how it functions and how it could be integrated in the 

classroom. It also comprises knowledge of the uses of the web, specific web tools, and 

advanced use of the web.  

 

2.3 Conclusion		
 

TPCK is regarded as an extension of PCK and it primarily refers to when a teacher knows how 

various technological tools could be used to enhance pedagogical strategies and content 

representations for teaching particular topics. Additionally, it refers to how technological tools 

and representations impact on how learners construct knowledge as explained in Mayer’s 

(2005) CTML for example. Given that CTML generally uses multimedia technology, it follows 

that teachers need to develop and possess a certain degree of TPCK related to the use of 

multimedia in teaching chemistry. This knowledge could maximise the teachers’ ability to 

support knowledge construction among learners through the different stages as described in the 

CTML. The current researcher argues therefore that, teachers should possess TPCK so that 

they can be capable of developing and implementing a curriculum that embraces methods and 

strategies for integrating technology in content areas in an effort to maximise learner’s learning. 
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3 CHAPTER	3:	A	REFLECTION	ON	CURRENT	ISSUES	RELATED	TO	
THEORIES	OF	TEACHING	AND	LEARNING	

 
3.1 Introduction		
 

 
Scientific research adopts a view that research knowledge is generated on the basis of existing 

knowledge. Consequently, before engaging on the methods, results and findings of the present 

research, it is essential to determine current issues related to the study. According to Schunk 

(2012), theories provide frameworks for conceptualising scientific knowledge as they shape 

the researcher’s worldview. In this regard, research findings are structured and systematically 

linked to theories. Thus, without theories it would be difficult for researchers, teachers and 

instructional designers to have frameworks to which the data could be linked (Schunk, 2012). 

As a result, people could view research findings as unsystematic collections of data. Schunk 

(2012) further highlights that a theory provides a framework to use in making educational 

decisions and, also, attempts to explain different types of learning though differ in their ability 

to do so. Also, as outlined by Pange, Lekka and Toki (2010), different learning theories may 

be applied to different teaching subjects, depending on the target group of learners, the subject 

and the environment. 

 

In education, there are primarily three fundamental learning theories, which have shaped 

current issues in education research, teaching and learning (Siemens, 2005; Pangea et al., 

2010). These are behaviourism, cognitivism and constructivism (Siemens, 2005; Barker, 2008; 

Yilmaz, 2008). The relevance and applicability of these theories in shaping the discourse in a 

technology-driven world is debatable. This is because, today, technology is the fundamental 

determinant of how we teach, learn and conduct research (Siemens, 2005). 

 

Pange et al. (2010) suggest that learning theories define teaching practice in the sense that 

theory should drive practice. In this regard, learning theories are crucial for effective and 

meaningful instructional practices. This is because theories provide clarity, direction and focus 

throughout for the instructional design process (Yilmaz, 2008). Through various theoretical 

perspectives, researchers are able to propose and explore different teaching approaches and 

strategies in order to enhance teaching and learning (Pange et al., 2010). As a result, many 
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teachers find that various tasks or concepts can best be taught by using one or more of these 

perspectives when designing the learning environment (Yilmaz, 2008). 

 

Accordingly, the purpose of this chapter is to reflect on current issues related to the learning 

theories in terms of how teaching, learning and assessment occur in each learning theory; how 

effective each learning theory is to teaching and learning; also, connect each learning theory to 

methods of teaching and learning. 

 

3.2 Behaviourism	
 

Biddulph and Carr (1999) point out that behaviourism has its origins in the study of small 

animals in laboratories through the study of the learning of rats in mazes. Skinner tested 

behaviourism using boxes during psychology laboratory work. Their findings were then 

applied to human learning on the basis that, if the human learners understood each small piece 

of knowledge, then the bits of that knowledge would somehow merge into a logical whole. 

Flowing from Skinner’s work, Ertmer and Newby (1993) list specific behaviourist assumptions 

or principles that have a direct relevance to instructional design (Table 3.1). He also provides 

possible instructional design (ID) applications of these principles. 

 

Table 3.1 

Behaviourist principles and related instructional design application (adapted from Ertmer and 

Newby, 1993) 

Behaviourist principle Instructional design application 
An emphasis on producing observable and 
measurable outcomes in learners 

Behavioural objectives, task analysis, criterion-
referenced assessment 

Pre-assessment of learners to determine where 
instruction should begin Learner analysis 

Emphasis on mastering early steps before 
progressing to more complex levels of performance 

Sequencing of instructional presentation, mastery 
learning 

Use of reinforcement to impact performance Tangible rewards, informative feedback 

Use of cues, shaping and practice to ensure a strong 
stimulus-response association 

Simple to complex sequencing of practice, use of 
prompts 

 

In addition to Ertmer and Newby’s (1993) principles, behaviourists hold specific beliefs, which 

are summarised as follows: 

• Scientific inquiry should be focused on observable and measurable external behaviour 

(Bush, 2006). 
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• All behaviour is produced as a product of an individual’s responses to external stimuli 

(Weegar & Pacis, 2012). 

• An individual’s behaviour is shaped by the external environment (Weegar & Pacis, 

2012). 

• While the environment triggers a particular behaviour, however, the repeatability of 

such behaviour is determined by how an individual is affected by the behaviour 

(Weegar & Pacis, 2012). 

• Reality exists in the world independent of personal experience (Weegar & Pacis, 2012). 

• Teaching requires properly arranging reinforcement contingencies (Schunk, 2012). 

• Learners learn by memorising chunks of information before higher-level, problem-

based learning can take place (Shield, 2000).   

Behaviourism as an approach to teaching and learning also places the emphasis on the 

acquisition of knowledge. This approach emphasises the effects of external conditions such as 

rewards and punishment in determining the future behaviour of learners (Morrison, Ross, & 

Kemp, 2004). It also emphasises the acquisition of new behaviour (Weegar & Pacis, 2012). 

Additionally, the development of associations between a stimulus and a response through 

selective reinforcement is a critical component of behaviourism (Schunk, 2012). Weegar and 

Pacis (2012) also suggest that, according to behaviourism, observable behaviours are more 

important than cognitive activities; and that learning is affected by changes in behaviour. 

 

Thus, behaviourists argue that, in ideal environmental setting, in which stimulus influences 

behaviour, all learners would acquire an identical understanding of content (Weegar & Pacis, 

2012). Furthermore, behaviourists are generally less concerned with the cognitive processes 

related to learning, as they are more concerned with observable behavioural responses to 

stimulation (Weegar & Pacis, 2012). 

 

3.2.1 Teaching	as	a	behaviourist	endeavour		
 
According to Biddulph and Carr (1999), teachers who adopt the behaviourist teaching 

approaches tend to teach by breaking down complex subjects into their component parts and 

teach learners each part in turn. They formulate objectives which focus on the elements of 

knowledge to be either transmitted to the learners or having the learners work through a text or 

computer programme which has the knowledge broken down into logical bits. Thereafter, they 

identify the learners’ initial behaviour together with the intended behavioural outcomes. This 
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allows for the formulation of progressive learning processes that will ensure that learners 

develop the intended behaviours through learning (Schunk, 2012). As a result, each sub-step 

of the learning processes is a modification of the previous one through a cascade form of 

learning. Thus, learners are developed through the sequence of instructional strategies that are 

coherent in order to help them develop the desired behavaiours. In this regard, instructional 

strategies such as demonstrations and small-group work are used for teaching and learning 

(Schunk, 2012). Learners therefore are expected to respond actively to the stimulating material 

and receive immediate formative feedback. 

 

The teaching, in the behaviourist approach, may be accompanied by a system of rewards and 

punishments (Biddulph & Carr, 1999). That is, as a teacher, it is imperative to structure learning 

so that practice activities produce the desired results and that learners then receive positive 

feedback. Thus, Sempel (2000) suggested that drill and practice strategies such as tutorial 

programmes could be use to provide learners with stimulating information, as well as regular 

feedback in order to enhance their development. In the same way, Schunk (2012) asserts that 

behaviourists regard teaching as more effective when learners are presented with small chunks 

of learning materials followed with relevant feedback immediately following learners’ 

responses.  This view supports Mayer’s (2005) CTML which suggests that teachers should 

carefully design learning activities in order to support learning by reducing the possibility of 

overwhelming the learners. However, the use of drill and practice instructional are dependent 

on the teachers’ ability to teach new skills, employ rote learning, strengthen already learned 

associations and reinforce knowledge or skill acquisition (Sempel, 2000).  

 

Behaviourists caution that given diversity of learners’ abilities and learning preferences, it is 

less likely for learners to progress equally through the curriculum. As such, it is recommended 

that teaching be individualized to accommodate each learner’s needs (Schunk, 2012). 

Consequently, teachers are advised to first assess learners’ abilities and then begin teaching at 

different points progressing coherently with learners by presenting content at different rates for 

individual learners in order to accommodate their individual development. 

 

Furthermore, Weegar and Pacis (2012) also affirm that when teachers adopt to follow the 

behaviourist teaching approaches, they would be expected to present their lesson and learning 

objectives in a linear fashion that utilize positive and negative reinforcement. In this instance, 

feedback and reinforcement are used to encourage or discourage learner’s behaviour. This 
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means, teachers could use reinformcement and stimulus to guide learners in developing a 

specific desired behaviour in an incremental manner. 

 

Ertmer and Newby (1993) summarized behaviourist form of teaching as attempting to 

formulate desired behavioural responses from learners to stimulus. Behavioural theories, 

according to Ertmer and Newby (1993), imply that the function of a teacher is to identify 

stimulus that can foster the display of desired responses. Teachers would then create learning 

environments in which stimulus is presented to learners with the view to generate the desired 

behaviours. This includes arranging series of stimuli which will lead to an incremental 

development of behaviours among learners. In such learning environments, teachers are also 

expected to assess behavioural patterns of learners in order to correct undesired behaviours and 

promote desired ones. Schunk (2012) emphasised that behavioural theories imply that teachers 

should organise the environment so that learners can respond appropriately to stimuli. 

 

3.2.2 Learning	as	a	behaviourist	endeavour 
 

Behaviourists suggest that learning is more effective when learners respond actively to stimuli 

rather than passively work through text at their own pace (Schunk, 2012). According to Weegar 

and Pacis (2012), behaviourists generally accept that learning is a process where stimuli-

response relationship leads to desired behavioural outcomes in a controlled learning 

environment. Behaviourists accept however that effective learning is a trial and error process 

where corrective stimuli is used to manage learner development until desired outcomes are 

observed (Sempel, 2000). According to Sempel (2000) therefore, successful learning is 

considered to have taken place when desired behavioural outcomes are observed. This is inline 

with the fact that behaviourism is more concerned with observable behavioural outcomes than 

unobservable cognitive processes that take place during learning (Sempel, 2000). As such, 

Sempel (2000) makes two important submissions about learning, namely, that “each step in the 

learning process should be short and should arise from previously learned behaviour, and, 

learning should be rewarded and reinforced regularly, at least in the early stages, as behaviour 

is shaped by the pattern of reinforcement in the environment.” 

 

Other behaviourist researchers suggest that learning can be understood in the context of  the 

form or frequency of observable behavioural performance (e.g., Ertmer & Newby, 1993; 

Schunk, 2012). Such performance would occur as a product of environmental factors that 
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stimulate the production of such a performance (Schunk, 2012). As such, learning is understood 

in terms of the nature and strength of the relationship between stimuli and responses (Schunk, 

2012). Researchers also note that the learning environment plays a critical role in fostering the 

relationship between the stimulus and the response in that the manner in which stimuli are 

arranged and presented could impact on how responses are reinforced. Thus, learning is 

accomplished when the learning environment facilitates the strengthening of the stimulus-

response relationship as desired (Ertmer & Newby, 1993). 

 

Notably, behaviourists generally suggest that learners are passive respondents who are 

prompted to respond to external environmental stimuli (Pange et al., 2010; Sempel, 2000). 

According to Weegar and Pacis (2012), behaviourists regard the role of a learner as absorbing 

instructional presentations and material. These are then used to perform certain behaviours as 

a response to the environmental stimulus. Learners are therefore regarded as reactive rather 

than proactive to the learning environment (Ertmer & Newby, 1993). 

 

The mastery of knowledge, according to behaviourists, is usually determined by tests or 

examinations (Biddulph & Carr, 1999). That is, assessment and evaluation are based upon 

individual tests and performances to exhibit the mastery of entities, activities, and processes 

(Weegar & Pacis, 2012). He further pointed out that structured assignments are directly linked 

to the learning objectives. As such, there is slight or no group discussion in this model of direct 

teaching (Weegar & Pacis, 2012). 

 

3.2.3 Effectiveness	of	behaviourist	form	of	teaching	and	learning		
 

According to Biddulph and Carr (1999), a behaviourist approach is probably appropriate for 

helping learners overcome behavioural difficulties, and helping some learners gain some initial 

success in learning. Sutton (2003) asserts that a number of instructional technologies have been 

designed and developed as a consequence of aspects of behaviourism. These include for 

examples, educational software and computer-based instruction. In these instances, 

instructional designers make use of the drill and practice activities to develop skills among 

learners for the attainment of learning objective (Shield, 2000). Shield (2000) suggested that in 

computer-based learning, behaviourist form of education leads to the acqusition of skills 

including knowledge of basic technological terms, descriptions of components, and 

understanding of theory. 
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As pointed out earlier on, behaviourists posit that learners learn by memorising basic 

components of information on which higher-level learning may be built. Such higher level 

learning could include problem-based learning. Behaviourists suggest that learning in general 

is organized as bits of information that must be acquired by learners over time, through 

stimulus-response form of learning (Shield, 2000; Weegar & Pacis, 2012). As a result, the 

current researcher believes that while a number of scholars have adopted the constructivism 

and cognitivism approach to teaching and learning, behaviourism remains relevant. In fact, 

researchers (e.g., Schunk (2012) suggest that behavioural learning theories can best be used to 

understand teaching and learning in relation to school subjects where learners are expected to 

master facts or learn new language.  

 

Ertmer and Newby (1993) assert that behaviourists scholars have identified a number of 

teaching cues, practice, and reinforcement which can be used to promote the construction of 

stimulus-response associations. In these teaching methods, evidence has shown that learners 

develop basic skills related to recalling facts, defining and illustrating concepts, associations, 

and performing procedures (Ertmer and Newby). As such, behaviourism principles have been 

used to develop instructional strategies which involve for example, computer-assisted 

instruction, Skinner’s teaching machines and programmed texts. Given these observations, the 

current researcher concurs with Schunk (2012) that, behaviorism has a place in education in 

the 21st century. What is required is that teachers and instructional designers should identify 

ideal theoretical perspectives for the specific intended learning outcomes. 

 

Given all this, the current researcher still wonders whether behaviourists theories could help 

learners attain or improve their 21st-century learning skills. However, what is known is that 

chalk-and-talk method, narration, etc, are part of behaviourists’ approach, but it is not known, 

however, if this is ideal for topic-specific pedagogical content knowledge (TSPCK) for 

chemical bonds. 

 

According to Biddulph and Carr (1999), a behaviourist approach is probably appropriate for 

helping learners overcome behavioural difficulties, and helping some learners gain some initial 

success in learning, but it has been criticised on the basis that it atomises knowledge, induces 

a sense of failure in some learners, and makes learners dependent on teachers. They went on to 

emphasise that, to help learners to become independent and critical thinkers, as a goal for 
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teaching and learning, one should then be wary about accepting behaviourist learning ideas as 

a basis for classroom activities and interaction.  

 

The problem with the behaviourist perspective of teaching is that stimulus-response teaching 

tends to focus on the development of specified skills in isolation rather than integrated skills 

(Weegar & Pacis, 2012). Another criticism is that behaviourism does not account for the role 

of the learners’ cognition and related cognitive processes that take place during learning. 

Instead, it overemphasizes the performance of a behaviour as a response to a stimulus.  Critics 

argue therefore that behaviourism pays less attention on the development of critical skills such 

as problem-solving. Instead, behaviourism focuses on learners’ responses to questions on oral 

or written tests (Weegar & Pacis, 2012).  

 

The current researcher however believes that there is a place for behaviourism in science 

education. For example, behaviourism could be used as a framework for developing laboratory 

skills among learners, which include following instructions, and carrying out experiments.  In 

these instances, behaviourism could be used to enforce skills performances which could be  

reinforced through reward so that these skills can be mastered by learners. The current 

researcher therefore believes that research is required to determine the extent to which teachers, 

in contexts such as South Africa, are able to integrate behaviourists teaching methods in science 

education. 

 

3.3 Cognitivism	
 

According to Yilmaz (2011), concerns about the wider application of behaviourism led to the 

birth of the cognitive movement. Having observed the limitations of behaviourism, a number 

of educational psychologists, particularly its overemphasis on observable behaviour, 

challenged the basic assumptions of behaviourism. For example, Matlin (1994) argued that 

because human beings are not robotic their response to environmental stimuli could not be 

uniform. Additionally, he argued that learners ‘decide’ how to respond to an external stimulus, 

and thefore the cognitive processes related to such decision making ought not be ignored. For 

this reason,  a number of educational psychologists began to explore the role of prior knowledge 

and mental processes in the learning process (Deubel, 2003; Winn & Snyder, 1996). 
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Cognitivism therefore attempts to explain the cognitive processes related to the acquisition, 

construction and processing of knowledge during the learning process (Yilmaz, 2011). 

Subsequently, Schunk (2012) asserts that cognitive theories attempt to explain cognitive 

processes related to the acquisition of knowledge and skills, and the formation of mental 

structures.  As such, cognitivist theories explore cognitive processes related to how learners 

process information. This includes meaning making and how learners’ prior knowledge and 

their learning environments affect such cognitive processing of information (Schunk, 2012).  

 

Generally therefore, cognitive theory attempts to describe knowledge acquisition as a cognitive 

function that involves coding and decoding of information (Yilmaz, 2011). For this reason, 

cognitive theories consider what learners know and how this knowledge could affect the overall 

process of knowing (Yilmaz, 2011). 

 

3.3.1 Teaching	as	a	cognitivist	endeavour	
 

The actual goal of teaching for the cognitive perspective is to facilitate the transfer of 

knowledge from the external world, to the learners using efficient, and effective instructional 

strategies (Ertmer & Newby, 1993). Henceforth, from the cognitive perspective, teaching is 

tailored to the needs and interests (Fenstermacher & Richardson 2005; McLeod, 2003), and is 

based on a learner’s existing mental structures or schema to be effective (Ertmer & Newby, 

1993). As a result, Schunk (2012) emphasised that teachers need to consider how teaching 

affects learners’ thinking during learning and also consider learners’ thought processes in their 

lesson planning. Moreover, since learners learn by receiving, storing, and retrieving 

information, cognitive psychologists urge teachers to develop and use teaching materials that 

are properly suited for the learning activities. Such teaching materials should also be suited for 

individual learner characteristics in order to effectively foster the construction of new 

knowledge (McLeod, 2003). Therefore, teachers should be concerned with effective 

construction of meaningful knowledge in ideal learning environments (Yilmaz, 2011). 

 

For the cognitive perspective, teaching materials should facilitate the development of valid 

mental models that represent reality (Yilmaz, 2011). Such teaching materials could include 

demonstrations, illustrative examples, and constructive feedback. Teachers should also attempt 

to reduce cognitive overload by simplifying instruction to help learners construct knowledge 

that can easily be stored in the long-term memory. Then to assist learners to relate new 
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information to prior knowledge and to understand and organise ideas, concepts, themes, issues, 

and principles, cognitive psychologists emphasised that teachers should use advanced 

organiser techniques (Yilmaz, 2011), analogies, hierarchical relationships, and matrices 

(Ertmer & Newby, 1993). Moreover, cognitive theories recommend the presentation of 

learning material in a manner that will help learners select, organise and integrate it to long 

term memory in a meaningful manner (Schunk, 2012). 

 

3.3.2 Learning	as	a	cognitivist	endeavour	
 

Similar to Mayer’s (2005) CTML, cognitive theories suggest that learning involves the 

acquisition or restructuring of knowledge in the cognitive structures. As a result, learning is 

viewed as an active process rather than a passive process (Yilmaz, 2011). This view is also 

supported by Siemens (2005) who suggests that learning involves a number of active processes 

in the sensory memory, short-term memory, and long-term memory. These processes involve 

selection, organising and storing knowledge in the different forms of memory (Ertmer & 

Newby, 1993). Additionally, learners transfer the new knowledge, construct hypotheses, and 

make judgements based on their cognitive structures as well as available prior knowledge 

(Young & Collin, 2004; Thompson, 1995). It follows therefore that effective learning could 

occur when the learning environment, created by teachers, is aligned with human cognitive 

construction (Sobel, 2001).   

 

Given the emphasis on cognitive processes, cognitivists argue that learning involves more than 

mere behaviour changes (Pange, Lekka & Toki, 2010). They support this view by arguing that 

there is a difference between learning and memory, suggesting that learning occurs in the 

memory (sensory, short term and long term) from where transformation of knowledge occurs 

(Pange et al., 2010). They suggest that learning may occur even if there is no observable 

behavioural change. In these instances, the role of the teacher is to facilitate the transfer of 

knowledge to the information processing even if there is no behavioural change taking place 

(Ertmer & Newby, 1993; Pange et al., 2010).  

 

Also, the cognitivist perspective viewed learning as creating symbolic, mental constructions 

involving active mental processing on the part of the learner (Sempel, 2000). As such, these 

ideas are reflected in the development of computers and software with a stringent input-

processing-output design. 
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Schunk (2012) notes however that, because learning in the cognitive perspective is an internal 

mental phenomenon, the actual learning may not be measurable but inferred from what learners  

say and do after the learning has taken place. Given this, researchers propose that a number of 

teaching and learning methods, strategies and resources can be used to facilitate student 

learning (Ertmer & Newby, 1993). These could include, instructional explanations, 

demonstrations, illustrative examples and matched non-examples. Schunk (2012) proposes 

therefore that learning involves construction, acquisition, organisation, coding, rehearsal, 

storage in memory, and retrieval or non-retrieval of information from memory.  

 

Furthermore, cognitive theories argue that environmental conditions play a critical role as 

inspirations or influences on learning (Schunk, 2012). This means explanations and 

demonstrations used by teachers form part of the learning environment through which learners 

may acquire knwoledge. Moreover, regular practice, corrective feedback could enhance 

learning (Ertmer & Newby, 1993; Schunk, 2012). However, instructional factors alone may be 

limited in the extent to which they could account for the learning processes. Therefore, what 

learners do with information, that is, how they attend to, rehearse, transform, code, store, and 

retrieve it, is critically significant. In this regard, the manner in which learners process 

information determines what, when, and how they learn, as well as how they will use the 

learning (Schunk, 2012).  

 

Cognitive theorists emphasise the role of learners’ background, including their respective 

conception of reality could be influential in the learning process (Ertmer & Newby, 1993; 

Schunk, 2012). This is because learners who have uncertainties with regard to their 

competences to learn may not properly attend to the task or may work unenthusiastically or 

half-heartedly on the task, which hinders learning. For instance, learner thoughts such as “Why 

is this important?” or “How well am I doing?”, as suggested by Schunk (2012), can affect 

learning. 

 

In cognitivist perspective, it is suggested that learners play an active role during the process of 

acquiring knowledge (Yilmaz, 2011). In this regard, cognitive theories encourage learners to 

engage with the sources of knowledge as they assimilate and construct new knowledge 

(Yilmaz, 2011). As a result, a fundamental focus on cognitivist research explores how learners 

activate, maintain, and direct learning as primary agents of the learning process (Ertmer & 
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Newby, 1993). Furthermore, cognitivists study the learner to determine how to design teaching 

material so that it can be enthusiastically assimilated by learners based on the learner’s learning 

preferences, interests and  existing mental structures (Ertmer & Newby, 1993).  

 

Cognitivism however accepts that learners bring into the learning process various pre-existing 

beliefs, values, expectations, and schemata which may affect how knowledge is constructed. 

These pre-existing mental contexts vary from one learner to another. It is on this basis that 

cognitivist researchers attempt to understand how these pre-existing mental contexts make 

learning possible. While other scholars, such as those who favour social cognitive thoeries, 

suggest that knowledge is socially constructed, others maintain that learners are unique and 

knowledge may be constructed uniquely among learners (Schunk, 2012). In fact, some 

researchers propose that beliefs are also constructed by learners (Schunk, 2012) as they interact 

with their environments. 

 

Given that cognitive theorists view learners as active participants in the learning process (e.g., 

Ertmer & Newby, 1993) their research therefore explores the potentially unique mental 

activities that are instigated by external stimuli such as encounters with new knowledge. These 

mental activities could include planning, goal-setting, and organisational strategies that take 

place in the mind as learners attempt to make meaning of new knowledge. Cognitivists assess 

the learner to determine how to design teaching so that it can be readily assimilated (Ertmer & 

Newby, 1993). In this regard, teachers are assisted in determining the learner's existing mental 

structures and thus determine where the lesson should begin. 

 

Greeno, Collins and Resnick (1996) pointed out that assessment, in the cognitive view, stresses 

learners’ knowing and reasoning in completing larger tasks. They also pointed out that short-

answer tests can be used to assess whether learners can answer questions about general 

principles. However, many people argue that, to assess whether learners can reason with and 

communicate about general principles, cognitivists assert that it is necessary to observe them 

in appropriate activities of reasoning and communication (Greeno et al., 1996). They further 

mentioned that alternative assessments that are being developed include on-demand 

examination questions which take an hour or more of class time, projects that take some days 

or weeks and portfolios of work that are accomplished throughout a term or year of study. 
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3.3.3 Effectiveness	of	cognitivist	teaching	and	learning		
 

Over the last fifty years, a number of researchers, teachers and instructional designers have 

argued that cognitivist teaching and learning strategies are superior to other strategies as they 

support the construction of knowledge in the mind. These researchers suggested that if 

cognitive processes, memory networks, and learner perceptions and interpretations of 

classroom factors can be understood, then instructional strategies that cater for effective 

learning can be designed and used (Schunk, 2012). In fact, Ertmer and Newby (1993) propose 

that cognitive theories could be used to explain complex forms of learning such as reasoning, 

problem-solving, and information-processing. As such, they suggest that teaching should 

attempt to simplify learning by presenting information and knowledge in a manner that makes 

it easier for learners to process cognitively. They also propose that teachers should create 

learning environments that encourage the use appropriate learning strategies. It is therefore 

proposed that teaching should focus on helping learners to process and transmit information 

through communication, explanation, recombination, contrast, inference, and problem solving 

(Yilmaz, 2011). In this regard, teaching methods could include “cognitive apprenticeship, 

reciprocal teaching, anchored instruction, enquiry learning, discovery learning, and problem-

based learning” (Yilmaz, 2011). Other cognitive strategies, as pointed out by Ertmer and 

Newby (1993), may include the usage of “framing, outlining, mnemonics, and concept 

mapping”. 

 

Given all this, the current researcher still wonders whether cognitivists theories could help 

learners attain or improve their 21st-century learning skills. However, what is known is that 

cognitive theories of multimedia learning are part of cognitivist approach, but it is not known, 

however, if this is ideal for TSPCK for chemical bonds. 

 

While cognitivism has maintained a high level of support over the recent past, some researchers 

argue that cognitive learning theories do not capture the complexity of human learning. For 

instance, Dai and Sternberg (2004) argued that cognitivism fails to acknowledge that cognitive 

structures are laden with emotions and motivations. How these factors affect learning is 

therefore not well understood in relation to the actual cognitive processes. Given that 

motivation and emotions are subjective, it follows that cognitive processes may be subjective 

and unique, which may affect higher-order mental functions. Furthermore, Dai and Sternberg 

(2004) argue that the roles of consciousness, intentionality, and reflectivity are not well 
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accounted for in the cognitivist theory. Related to these, it is argued that cognitivism is not able 

to incorporate the learners’ sense of self, as depicted in their values, attitudes, and dispositions 

(Dai & Sternberg, 2004). This sense of self is also embedded in the learners’ culture, history 

and language which are all fundamental to the learning processes (Dai & Sternberg, 2004). As 

such, cognitivism is accused of looking at learners from a formal or syntactic aspect of symbol 

manipulation perspective that ignores the subtle nature of the learner. 

 

3.4 Constructivism	
 

Given the apparent limitations of cognitivism and behaviourism, researchers have attempted to 

explain the learning process with the view that unique learners construct their own knowledge 

based on interactions with their environment as well as their collaboration with other people 

(Weegar & Pacis, 2012). As such, Schunk (2012) proposes that social interactions play a 

critical role in the learning process, particularly in relation to acquisition of skills and 

knowledge. Given this, an interplay with the environment and with other people, as part of this 

process, remains critical. 

 

Constructivism is a theory that views knowledge as created rather than acquired (Young & 

Collin, 2004; Thompson, 1995; Von Glasersfeld, 1995). As such, it suggests that knowledge is 

“temporary, non-objective, internally constructed, developmental, and socially and culturally 

mediated” (Fosnot, 1996). Therefore, the major difference between contructivism and 

cognitivism is that constructivism suggest that learners do not merely acquire knowledge in its 

pure form, but rather engage such knowledge actively and integrate it with their own prior 

knolwgde as they attempt to construct new knowledge. Furthermore, the contruction of 

knowledge is not a static process, but learners actively construct and deconstruct new meanings 

as they interact with the world (Hein, 1995). This means, each learner may have a unique 

conception of the same phenomenon.  

 

Constructivism proposes that knowledge does not exist independent of the mind (Yilmaz, 

2008). Given the uniqueness of learners, knowledge may be relative rather than absolute 

(Yilmaz, 2008). This knowledge is actively constructed, deconstructed and reconstructed by 

learners as they experience the world around them (Maclellan & Soden, 2004; Schunk, 2012; 

Yilmaz, 2008).  
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According to the constructivist premise, knowledge is constructed by individuals based on 

experiences and replaces the traditional conception of truth with the concept of viability, which 

means that descriptions of experiences are relative and subjective to each learner (Yilmaz, 

2008). In this regard, constructivists, instead of exploring about how knowledge is acquired, 

they explore how knowledge is constructed (Yilmaz, 2008). 

 

The construction of individuals’ own meaning and understanding is assumed as a process 

which involves recurring interactions between beliefs, values, experiences, new knowledge and 

prior knowldge (Richardson 2003; Schunk, 2004). In this regard, this belief or assumption 

implies that teaching should attempt to help learners develop knowledge construction skills 

rather than mere acquisition of knowledge (Maclellan & Soden, 2004). This is because when 

learners construct knowledge, they actively interact with new knowledge in their respective 

learning environments. The success of learning therefore relies heavily on the availability of 

skills required to adequately construct new knowledge (Weegar & Pacis, 2012). For this reason, 

constructivists propose learning models that will enhance learners’ engagement in the learning 

process by considering both cognitive and non-cognitive processes and environments that may 

affect learning (Weegar & Pacis, 2012). 

 

3.4.1 Teaching	as	a	constructivist	endeavour		
 

It is noteworthy that looking at behaviourist to cognitivist, and to constructivist theories of 

learning, there is an apparent shift from teaching to learning as well as a shift from passive 

transfer knowledge through routine activities to more engaged active learning which focuses 

on construction of knowledge and application of such knowledge (Ertmer & Newby, 1993). In 

other words, some things are best learned by using the behaviourist perspective, others with 

the cognitivist perspective, and still others with the constructivist perspective (Yilmaz, 2008). 

In this regard, the role of teaching in the constructivist theory is to facilitate the development 

of skills for contruction of knowledge, promote learner collaboration to enhance the quality of 

of knowledge construction (Ertmer & Newby, 1993). 

 

Constructivist teaching theory, therefore challenges behaviourist paradigms by combining both 

stimulus-response and cognitive processes in learning (Yilmaz, 2008). It therefore suggest that 

while stimulus may be used to facilitate learning, the actual construction of knowledge is 

unique to each individual learner based on their unique cognitive processes and experiences. 
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As a result, teachers are encouraged to be sensitive to potentially different approaches to 

learning as well as how learners interact with teaching materials (Yilmaz, 2008). Consequently, 

teachers should not attempt to transfer conceptual knowledge to learners through words (Von 

Glasersfeld, 1995). In this regard, McLeod (2003) suggested that teachers should be concerned 

with how learners understand the process of knowing and how they validate their views. Thus, 

constructivist teachers, according to Yilmaz (2008), should challenge learners to validate and 

defend their positions so that they can change their conceptual frameworks. Simply put, what 

matters most in constructivist teaching is how an individual learner arrives at a particular 

answer. Henceforth, Weegar and Pacis (2012) assert that the primary roles of the teacher should 

be to inspire learners to construct knowledge through guided personal experiences. Teachers 

also should encourage learners to challenge the very nature of knowledge and attempt to 

construct their own ideas, opinions, and conclusions.   

 

Furthermore, assuming the role as facilitators in the constructivist classroom, teachers are 

expected to give the centre stage to learners and relinquish their power in order to allow learners 

the opportunity to self-direct and take maximum responsibility of their own learning. 

Additinally, teachers ought to ensure that learners find relevance in the knowledge they 

construct and the learning experiences in order for learning to be meaningful. This, teachers 

can do by presenting realistic complex and personally meaningful educational problems for 

learners to solve (Weegar & Pacis, 2012). In addition, teachers should present problems that 

are relevant to learners’ everyday lives as a principle of constructivist learning. Within the 

science context, this can be done by structuring lessons around socio-scientific challenges that 

will attract learners’ attention (Schunk, 2012). Also, they should structure conditions such that 

learners become enthusiastically involved with content through the manipulation of materials 

and social interaction, instead of teaching in the traditional sense of delivering instruction to a 

group of learners (Schunk, 2012). Simply put, the constructivist theory emphasises the 

individual learner (Siemens, 2005) in designing teaching. 

 

3.4.2 Learning	as	a	constructivist	endeavour	
 

During learning, constructivism suggest that learning can be associated with meaning-making 

from learning experience (Ertmer & Newby, 1993). Constructivism proposes that learning and 

the construction of knowledge are context specific, and therefore could be subjective (Ertmer 

& Newby, 1993; Yilmaz, 2008). This means, the context of learning, the learning environment 
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and the context of knowledge are integrally linked to the very nature of knowledge being 

contructed (Ertmer & Newby, 1993). It is therefore imperative for teachers to ensure that 

teaching as well as learning materials accurately depict tasks and that learning is contextualized 

(Ertmer & Newby, 1993).  

 

Constructivist theories viewed learning as a construction of meaning from emerging learning 

experiences (Weegar & Pacis, 2012). It is an active process, an adaptive activity, situated in 

the context in which it occurs. Additionally, learning is a process of making sense of the world 

(Yilmaz, 2008). It also regarded experience and prior understanding as well as social 

interaction as factors which play a role in learning (Yilmaz, 2008).  

 

Therefore, effective learning requires teachers to create or present learners with meaningful, 

open-ended learning scenarios which encourage learner engagement (Yilmaz, 2008). This 

could allow learners to select and manipulate information by constructing hypotheses, making 

decisions and explaining phenomena as they encounter them (Weegar & Pacis, 2012). This 

means, learning according to constructivists is an interpretative, recursive, knowledge building 

process which requires active engagement of learners (Weegar & Pacis, 2012). 

 

In a constructivist approach, the learner construct knowledge and the learner develops his or 

her own understanding through experience (Weegar & Pacis, 2012). In this regard, a 

constructivist is more fascinated in knowing how the learner is attempting to construct 

meaning. Henceforth, they regard learners as intellectually generative individuals rather than 

empty bowls waiting to be filled (Yilmaz, 2008). 

 

In the constructivist classroom, the learning process is regarded as most important compared 

to the product of learning (Yilmaz, 2008). In such an environment, learners are encouraged to 

think about broader issues and they are more valued than, for instance, remembering the correct 

procedure for completing an algorithm and getting a correct answer (Biddulph & Carr, 1999). 

Also, learners are assumed to interact actively with  existing knowledge and beliefs and new 

knowledge and experiences as they construct their own meaning of reality (Yilmaz, 2008). 

 

Furthermore, learners in a constructivist view are encouraged to be self-regulated as they play 

an active role in learning. They could do this by setting their own learning goals, and develop 

strategies for attaining these goals as well as monitoring their own progress. This means 
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teachers are no longer the centre of focus, but learners are (Schunk, 2012). This also means, 

learners do not merely absorb knowledge from the external world through osmosis, but rather 

create individual interpretations of their experiences as they interact with the external world 

(Ertmer & Newby, 1993). In this regard, the major difference between the constructivist and 

cognitivist view of learning is that in constructivism, learners not only process information, but 

they elaborate, interpret and reconstruct such information through active engagement (Ertmer 

& Newby, 1993). As such, the role of a teacher is to facilitate and negotiate meaning, rather 

than to dictate an interpretation (Weegar & Pacis, 2012). 

 

It is also important to note that in constructivist learning environments, learners are 

characterised by active engagement, enquiry, problem-solving, and collaboration with others. 

Thus, some of the examples include projects in which students learn by discovering on their 

own, to students collaborating with others and learning through this interaction (Weegar & 

Pacis, 2012). 

 

In a constructivist approach, assessment may be subjective as it evaluates each learners unique 

experiences and meaning of reality. Some researchers argue that this authentic assessment 

requires the use of qualitative assessment methods such as observations and learner portfolios 

(Schunk, 2012). This is because learners ought to be afforded fair opportunities to express how 

they constructed knowledge and what that knowledge means. Furthermore, constructivist 

assessment requires that the assessment of the learning of the learners should be in the context 

of teaching and not disconnected from the teaching, for instance, end-of-grade tests and end-

of-unit exams (Schunk, 2012). Thus, learners regularly work in groups (Schunk, 2012) or in 

cooperative groups to explore possible answers, develop a product, and present findings to a 

designated audience (Carbonell, 2004). In this regard, activities typically involve observing 

phenomena, data collection, developing and testing hypotheses, and working collaboratively 

with others (Schunk, 2012). 

 

As mentioned earlier on, in a constructivist classroom, the primary focus is on the learning 

process, rather than the product of such a process. Hence, constructivist education requires that 

teachers should go beyond the correct/wrong answer, where possible, and learn how the 

learners arrived at that answer (Schunk, 2012). Teachers can do this by asking learners to 

explain their answers as well as processes they followed in arriving at those answers. This way, 
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teachers are  able to diagnose misconceptions as well as lack of skills both in process and 

reasoning, which may lead to development of misconceptions (Schunk, 2012).  

 

It is therefore imperative in a constructivist environment that assessment should not be a once-

off event. Instead, assessment ought to be a continuous process that evaluates both learners and 

teachers (Schunk, 2012). In this regard, assessment explore the type of learning as well as the 

teaching methods that led to that type of learning. This means, learning environments are 

designed for meaningful, reflective learning. Assessment methods and strategies that require a 

mere regurgitation of facts are not encouraged. Instead, assessments that require learners to 

reflect, discuss, explain their reasoning and demonstrate and apply skills they have acquired 

are encouraged. In essence, constructivist assessment is less concerned about learners 

presenting expected right and wrong answers. As a result, authentic assessment explores 

instructional and learning decisions (Schunk, 2012). 

 

3.4.3 Effectiveness	of	constructivist	teaching	and	learning		
 

As indicated earlier, constructivism focuses more on the learning process rather than the 

product of learning. As such, errors made by learners are used as a learning opportunity to help 

them understand the causes of such errors and explore strategies for avoiding them (Sempel, 

2000). This adds to the opportunities presented for learners to construct their own knowledge 

based on both positive and negative learning experiences (Sempel, 2000; Weegar & Pacis, 

2012). This has resulted in an increase in popularity for the constructivist approach when 

utilising instructional technologies (Weegar & Pacis, 2012). In this regard, these authors 

proposed that there is a growing need to incorporate constructivist teaching approaches 

particularly given the growing trend to use online and ICT based teaching and learning. They 

went on to suggest that to make this transition, the focus must emphasize interactive problem-

based learning environment, where self-directed learning is encouraged. This would shift away 

from the current model which focuses on the design of software packages. In the constructivist 

environment, integrated modules would be embraced to include various learning resources 

including texts, reference sources, multimedia and communication (Weegar & Pacis, 2012). 

 

Much research has shown that teaching methods that adopt constructivist approach are 

effective in enhancing learners’ content understanding (Weegar & Pacis, 2012). This is because 

teaching approaches that are based on the constructivist theory of learning foster the 
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development of discovery learning through critical thinking activities as well as problem-based 

learning projects. Weegar and Pacis (2012) suggest that when activities that foster critical 

thinking through problem solving and discovery learning have a greater potential to improve 

learning.   

 

One of the key aspects of constructivism is that it affords active participation, where learners 

integrate new knowledge with prior knowledge (Weegar & Pacis, 2012). This way, learners 

can manage the cognitive processes that take place during learning by constructing hypotheses, 

decision making, and giving meaning and organisation to experiences. What is even more 

important in this regard, is that learners are able to use their everyday experiences, knowledge 

and skills  to learn and apply knowledge (Weegar & Pacis, 2012).  

 

The constructivist approach has been shown to have a positive effect on learners’ ability to 

increase their knowledge (Weegar & Pacis, 2012) and to challenge learners to discover 

information (Schunk, 2012). As evidence, Schunk (2012) suggest that social constructivist 

perspective of learning which advocates for social group learning and peer collaboration are 

effective learning strategies as learners learn from interacting with one another. Additionally, 

learners are able to learn from each other’s experiences which in turn improves their own self-

efficacy and problem-solving skills. Learners are also able to engage critically in guided and 

open dialogue where they learn critical reasoning, argumentation and other important science 

skills (Ertmer & Newby, 1993). 

 

Another critical aspect of constructivist pedagogy is that it favours task-oriented with hands-

on, self-directed activities orientated towards design and discovery (Ertmer & Newby, 1993). 

In such a learning environment teachers are able to integrate real life experiences of learners 

through simulated worlds which foster the development of conceptual structures through 

engagement in self-directed tasks. Consequently, constructivist teaching creates an opportunity 

for learners to learn through meaningful, tangible experiences which mimic real life (Yilmaz, 

2008). This way, learners are able to question reality, deconstruct and reconstruct knowledge 

by searching for patterns, pose questions, test hypotheses and formulate models of reality that 

would otherwise not be formulated. In this way, the learning environment is an extension of 

society in which learners cooperatively engage in activity, discourse, and reflection.  
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Schunk (2012) suggests that teachers can use different approaches to incorporate constructivist 

teaching into their practice in science. In particular, socio-scientific issues have proven a useful 

strategy for incorporating constructivism in science classrooms. This is because some socio-

scientific issues do not have a right or wrong answer, but they require a thorough engagement 

through open-ended or structured discussion (Schunk, 2012). What is even more useful about 

socio-scientific issues is that they are generally topical issues that are situated in everyday life 

context. Consequently, in science, this is useful because learners can develop enquiry skills 

which are crucial in science education (Schunk, 2012). 

 

Accordingly, teachers who adopt constructivism in their teaching may use learning tasks that 

are situated in real-world contexts; and use of cognitive apprenticeships. These could include  

modelling and coaching which could foster learners to develop to expert performance. Teachers 

could also present scenarios that depict multiple perspectives in order to widen learners’ world 

view through collaborative learning. Argumentation skills can also be fostered through 

activities that promote social negotiation through debate and discussion (Ertmer & Newby, 

1993). 

 

In addition, Yilmaz (2008) advocated that examples of constructivist learning models embrace 

“experiential learning, self-directed learning, discovery learning, enquiry training, problem-

based learning, and reflective practice”. Weegar and Pacis (2012) also added that 

constructivism strategies could involve cooperative learning, experimentation, and open-ended 

problems. Another example of the constructivist approach is interactive problem-based 

learning, a method which allows learners to apply their knowledge to real world scenarios and 

applications through the use of online learning (Weegar & Pacis, 2012). 

 

As seen in the above discussion, the constructivist theory can be utilised in many methods. It 

has been proven to be the most effective learning theory, as it emphasises the importance of, 

for instance, scaffolding, collaboration and conversation. It provides a warm learning 

environment where learners are able to openly share their ideas with their peers as resources 

rather than competitors.  

 

Given all this, the current researcher still wonders whether constructivist theories could help 

learners attain or improve the 21st-century learning skills. However, what is known is that 
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enquiry learning, problem-based learning, etc. are part of constructivist approach, but it is not 

known if this is ideal for TSPCK for chemical bonds. 

 

According to Schunk (2012), the major challenge for constructivism is its emphasis on 

relativism. Here criticism is that accepting all forms of knowledge simply because they are 

constructed does not render such knowledge scientifically valid, even though it may, to some 

extent, reflect societal accord. As a result, the integrity of knowledge constructed through 

constructivism classrooms may be questionable. In addition, Schunk (2012) encouraging 

teachers to teach through constructivist methods and assess using related method may be 

challenging as teachers themselves may lack relevant skills. Consequently, assessment in these 

learning environments may lack authenticity, accountability and reliability. As such, Yilmaz 

(2008) posits that constructivist pedagogy in its purest form may not be realistic and may not 

be practical in most educational setting. This view is supported by Kirschner, Sweller and Clark 

(2006) who argue that seemingly, constructivism downplays the importance of human 

cognitive structures in learning. Finally, Biddulph and Carr (1999) also argued that the 

demands of curricula in different countries, particualry countries such as South Africa, may 

constrain the applicability of constructivism. This is because teachers may not have the luxury 

of time and resources to create absolute constructivist learning environments. 

 

3.5 Teaching	in	the	twenty-first	century  
 

In light of the above theories for teaching and learning, one wonders about the most ideal theory 

to describe teaching and learning in the 21st-century. This is primarily because the increasing 

dominance of technology-based pedagogies suggests that there may be a need to reconsider 

skills acquired by learners. It is therefore necessary to reflect on these skills within the context 

of chemistry education. 

 

A literature review of the 21st-century skills suggests a different approach to teaching and 

learning, and may be required to equip learners to develop the necessary skills for the global 

economy. In this regard, 21st-century learners need to be able to access, synthesise, and 

communicate information related to their respective needs and everyday life issues.  This could 

include working collaboratively with other members of society who may come from different 

disciplines of science in order to jointly solve complex problems, and create innovative 

strategies using modern technologies (Siemens, 2005). Such abilities require of learners high-
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level thinking skills, which can be used to solve emerging problems which may emerge as a 

result of technological developments. Additionally, learners ought to develop 21st-century 

learning skills, which are characterised by the ability to blend content knowledge including the 

ability to use technology, access knowledge and resolve emerging social problems through 

scientific ways of knowing (Partnership for 21st Century Skills, 2008). Ledward and Hirata 

(2011), mentions that these skills include digital-age literacy, creative thinking, effective 

communication, and high productivity. Digital literacy goes beyond generic technological 

literacy as it involves the use of digital platforms to think critically, solve problems, 

communicate and work collabotatively (Ledward & Hirata, 2011). Although research in this 

area is relatively young, Ledward and Hirata (2011) lay an emphasis on existing evidence 

which links the 21st-century learning skills with positive learner outcomes.  

 

Siemens (2005) notes that the 21st century ushered with itself a paradigm shift in science 

education (Siemens, 2005). For instance, technology has changed the ways teachers reach and 

teach their learners (Kamboj, 2015). This affected a number of issues including teaching and 

learning, research, instructional and curriculum design as well as life in general. Siemens points 

out that this global transition affected a number of social dynamics including economics, 

politicals, information science, ICT (Siemens, 2005). In this regard, Kamboj (2015) suggested 

that, there is a need to ensure that education also keeps us with these trends by adapting 

educational practices and objectives.  This however, calls for teachers to develop contemporary 

teaching skills. This means 21st-century teachers are expected to create learning environments 

that are learner-centred, output-based, real-life related, project-based, research driven and full 

of active learners (Kamboj, 2015).  This would be a major shift considering that these teachers 

may have been used to working in learning environments that were teacher-centred, time-

based, focused on memorisation, textbook-laden and full of passive learners. The extent to 

which teachers have adapted to these changes requires thorough investigation. 

 

In line with the technological advances of the 21st century that require changes in teaching 

paradigms, learners are also expected to adopt different learning paradigms. In the 21st century, 

knowledge is readily available through digital libraries and the internet. This means, learners 

need to know more than basic science concept, which can be read from the internet. Learners 

now need to be able to use knowledge and skills, applying such knowledge and skills in novel 

situations, work collaboratively with others to solve emerging problems (Siemens, 2005; 

Kamboj, 2015). As such, these learning skills are cognitive skills classified as information and 
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communication skills, thinking and problem solving skills, as well as interpersonal and self-

directional skills (Partnership for 21st Century Skills, 2008).  These learning skills, as outlined 

by Tyner (2009, p. 20) are as follows:  

 

a) “Information and communication skills   

• Information and media literacy skills: analysing, accessing, managing, integrating, 

evaluating and creating information in a variety of forms and media; understanding the 

role of media in society.  

• Communication skills: understanding, managing and creating effective oral, written 

and multimedia communication in a variety of forms and contexts.  

 

b) Thinking and problem-solving skills 

• Critical thinking and systems: thinking, exercising sound reasoning in understanding 

and making complex choices, understanding the interconnections among systems.  

• Problem identification, formulation and solution: ability to frame, analyse and solve 

problems.  

• Creativity and intellectual curiosity: developing, implementing and communicating 

new ideas to others; staying open and responsive to new and diverse perspectives.  

 

c) Interpersonal and self-directional skills  

• Interpersonal and collaborative skills: demonstrating teamwork and leadership; 

adapting to varied roles and responsibilities; working productively with others; 

exercising empathy; respecting diverse perspectives.  

• Self-direction: monitoring one’s own understanding and learning needs, locating 

appropriate resources, transferring learning from one domain to another.   

• Accountability and adaptability: exercising personal responsibility and flexibility in 

personal, workplace and community contexts; setting and meeting high standards and 

goals for one’s self and others; tolerating ambiguity.  

• Social responsibility: acting responsibly with the interests of the larger community in 

mind; demonstrating ethical behaviour in personal, workplace and community 

contexts.”  
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Given the above skills, one wonders about the teaching strategies used by teachers in chemistry 

to help learners develop the necessary 21st-century skills. In particular, what strategies are used 

by teachers in rural areas to foster the development of 21st-century skills, particularly teachers 

from under-resourced schools? However, for these questions to be resolved, one has to be 

cognisant of the nature and character of learners in the 21st-century.   

 

3.5.1 Characterising	learners	in	the	twenty-first	century	
 

In the 21st century, as asserted by Siemens (2005), learners have changed profoundly, such that 

they are somewhat the first generation born in technology. This means this generation of 

learners is born and live in a world dominated by computers, videogames, digital music players, 

video cams, and cell phone, which represent the digital age. To them, resources such as email, 

internet banking, and e-learning, which were foregin to most of their teachers, are a common 

commodity. Some literature resources refer to these learners as Millennials, the Net Generation, 

the Instant-Message Generation (IM Generation), the Gamer Generation, iKids,  New 

Millennium Learners or digital learners (Siemens, 2005). Whatever label, what is most 

important is that teachers and instructional designers have a greater challenge to meet the 

requirements of these learners by adapting teaching environments to suit the 21st-century 

(Siemens, 2005). The extent to which teachers and instructional designers have adapted to these 

demands is an open question, particualry in developing countries such as South Africa. 

 

As such, throughout social history, education has been designed for the societal needs of the 

society in which it is set (Siemens, 2005). Since information and technology appear as 

important for the new society, the new learning skills emerge as needs of the new society as 

well. Thus, educators, at almost every level today, have to focus on improving learners’ high-

level thinking skills and technology literacy in order to meet their varying needs.  Given this, 

the question remains: what strategies do teachers in the rural, under resourced schools in South 

Africa, and elsewhere, use to develop or improve 21st-century learning skills? 

 

3.5.2 Teaching	learners	in	the	postmodernism	era	
 

The adoption of new teaching methods by teachers requires first the adoption of new 

philosophical approaches to teaching and learning, particularly to adopting postmodernism 

(Siemens, 2005).  Postmodern thinking, as described in Siemens (2005), is a critique or distrust 
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of huge stories meant to explain everything, which includes outstanding theories of science, 

and myths in religions, nations, cultures, and professions that help explain why things are the 

way they are. Siemens (2005) further summarised postmodernism as the criticism of 

modernism and regarded it as particularly against one-fits-all massive approaches and solution 

systems.  The following are some key features of postmodern thinking, as summarised in Sahin 

(2009, p. 1465):  

• “A commitment to plurality of perspectives, meaning, methods, values-everything.  

• A search for and appreciation of double meaning and alternative interpretations, many 

of them ironic and unintended. 

• A critique or distrust of Big Stories meant to explain everything. This includes grand 

theories of science, and myths in our religions, nations, cultures, and professions that 

serve to explain why things are the way they are.  

• An acknowledgement that, because there is a plurality of perspectives and ways of 

knowing, there are also multiple truths.” 

 

Postmodernists perceive instructional design as an art as well as a science (Sahin, 2009, p. 

1466-1467). This author outlined nine ideas for postmodern instructional design as follows:  

• “Accept that there are several workable solutions to every design problem.  

• Expect that learners will interpret instruction in different ways.  

• Examine and learn from teaching that fails as well as teaching that succeeds.  

• Metaphors, symbols and models should be used cautiously.  

• Determine if technological fixes have improved problems or created more.  

• Avoid idealism that all learners will have absolute correspondence in their 

understanding; there is never a true meeting of the minds.  

• Avoid an authoritarian approach; give some control to learners. 

• Look for contradictions in your messages and in others’.  

• Plan teaching based on learners’ needs not just technologies.”  

 

It is important to note that contextual meaning emerges from culture, language and societal 

contexts. However, as suggested by cognitivism and constructivism, these may not necessary 

impact on how learning occurs. Instead, they may impact on how learners think about 

knowledge and the learning itself. Thus, instructional designers need to think more holistically 
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about the design of teaching, as it is particularly important for achieving the 21st-century 

learning skills (Siemens, 2005).   

  

3.5.3 Instructional	design	principles	for	21st-century	learning	skills		
 

As the traditional educational approaches cannot meet the educational needs of the new society 

and, as such, do not recognise new learner characteristics of the 21st-century, it is better to adapt 

instructional design principles according to the above-named ideas (Siemens, 2005). Also, an 

instructional design proposal is created by using principles of the postmodern instructional 

design. Thus, an explanation as outlined in Sahin (2009, p. 1467) is as follows:  

• “Goal analyses: Define the goals and associate them with 21st-century learning skills.  

• Define learners: Consider the ‘digital native’ characteristics of the learners.  

• Instructional strategy development: Choose the strategies with learners that force them 

to develop their 21st-century learning skills.  

• Implementation: Focus on the learners and learning, not the instruction. Create a learner 

centred, collaborative and technology-intense learning environment.  

• Media selection: Choose state-of-the-art technology and media with learners. Ensure 

the media make the learner active and productive.   

• Learner evaluation: Use e-portfolios and let the learners evaluate themselves and each 

other.”  

Additionally, some main characteristics of these postmodern instructional design principles to 

be considered for all phases and conditions are as follows, as listed in Sahin (2009, p. 1467): 

• “Plurality: In every phase and condition of the design, include both teachers and 

learners as part of the design team.  

• Flexibility: In every phase and condition, consider different points of views, media, 

strategies, etc, in case of failure.   

• Humanity: In every phase and condition, give priority to the learner needs and 

preferences over goals, procedures and activities, etc.”  

 

3.5.4 Preparing	learners	to	succeed	in	the	21st	century	
 
 
The Partnership for 21st Century Skills (2008) proposed six educational elements which must 

be implemented in education in order to support the development of 21st-century learning skills 
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among learners. Other researchers (e.g., Ledward & Hirata, 2011; Siemens, 2005) have referred 

to these as enablers or drivers for the development of 21st-century skills, which are:  

• Emphasis on core subjects.  

• Emphasise on learning skills.  

• The utilization of 21st-century techniologies for learning.  

• Teaching and learning which are embedded in the 21st-century context.  

• Teaching and learning of content that is embedded in the 21st-century context.  

• The use of assessment methdos that assess 21st-century skills.     

Siemens (2005) suggests that such a postmodern instructional design is suitable for the new 

world. In this regard, to get successful results in following these elements, Siemens 

commended that instruction should be designed according to the learners’ contextual needs. 

Additionally, inline with constructivism, such learning should emphasize the process of 

learning rather than the product of learning or the content knowledge being learnt. 

 

In line with the above views, the purpose of the current research was to explore the extent to 

which physical science teachers adopt 21st-century computer-based instructional strategies in 

teaching chemical reactions in Grade 11 in order to assist learners in successfully developing 

the 21st-century skills they will need to be successful in work and life. Hence, this section seeks 

to highlight and review literature with regard to the importance of computer-assisted teaching 

and learning methods for chemistry.  

 

According to Zainally (2008), computer-assisted teaching and learning (CATL) enhances the 

extent to which teachers, instructional designers and administrators could perform their 

responsibilities. To this end, Makewa, Meremo, Role and Role (2013), explored the difference 

between teachers’ and administrators’ perceptions regarding the role that CATL could play in 

the administration of schools. They also explored the extent to which CATL was used by 

administrators. Within the context of their research, they refered to school managers, including 

the principal, and heads of departments as administrators. Using a descriptive-comparative 

research design they found that both teachers and administrators regarded CATL as an 

important tool for school administration, including in the administration of learners. It was also 

found that administration felt that CATL played a critical role in the supervision of instruction 

and in student administration. There was a significant difference between the perceptions of 
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teachers and administrators on the significance of ICT use in relation to student administration, 

general administration and supervision of instruction.  

 

Bransford, Brown, and Cocking (1999) note that there is a general perception that ICT could 

be used to support  constructivist form of learning as it could give learners a greater opportunity 

to be involved in their leanring through self-directed learning. Mikre (2001) also supported this 

view by exploring the benefits of ICTs in education particualry in  developing countries. Mikre 

(2001) also explored the limitations and challenges of integrating CATL in education. the 

conclusion made in this regard was that in spite of various limitation related to the integration 

of CATL, there were greater advantages, including the alignment of CATL with teaching and 

learning approaches that supported constructivism. In this regard, it was shown that CATL 

fosters a shift in terms of the role of teachers from a teacher-centred one to a learner-centred 

one where teachers support, advise, and coach learners, rather than merely transmitting 

knowledge. It was also found that there had been a gradual shift in terms of how CATL was 

integrated in learning, where teaching moved from learning about computers, to learning 

computers, and finally to learning with computers (Volman, 2005). Mikre (2001) proposed that 

the major advantage of CATL is that it afforded teachers an opportunity to create constructivist 

learning environment by designing simulated and individualised learning environments for 

learners.  This in turn creates an authentic and learner-centred learning environment. 

 

The application of a constructivist, CATL environment could be of great benefit to chemistry 

education, particualry in South Africa where there is a general lack of laboratory resources. To 

this end, Bharathy (2015) acknowledges that chemistry is generally regarded as a difficult field 

for learners as they are expected to master abstract concepts that exist at molecular level, with 

physical properties, and complex chemical transformations which generally cannot be viewed 

with a naked eye. However, Pekdağ (2010) asserts that benefit has been derived from 

computer-assisted teaching and learning methods in attempting to overcome the difficulties 

encountered in the conceptual learning of chemistry. As such, Jang (2010) conducted a study 

with the purpose of integrating interactive white board (IWB) technology and peer coaching to 

develop the TPACK of secondary science teachers in real classrooms. In the study, an IWB-

based peer coaching model was developed. Participants were in-service science teachers where 

data were collected using document analysis and interviews.  It was found in this research that  
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teachers who used IWBs as instructional tools, taught difficult topics were more successful. 

Moreover, IWBs allowed these teachers to present these concepts of ‘heat and temperature’ 

using  their TPACK. On the other hand, Jang (2010) asserts that IWBs may be useful to science 

teachers who have difficulties in implementing representational repertoires and instructional 

strategies in traditional classrooms. They found that teachers could utilise IWB representations 

to transform difficult content into consumable forms which are easier for learners to 

comprehend. They observed that teachers used IWBs as as e-books, story animations, and the 

internet into teaching and learning. Story animations stimulate learners’ learning motivation. 

E-books help learners control the themes better. Overall, research has shown that CATL can 

be used effectively in chemistry education. Given this, the current researchers argues that it 

may be necessary to explore opportunities for integrating CATL, within the constructivism 

framework, in the South African context. However it may be necessary to ensure that teachers 

develop the necessary TPCK. 

 

3.6 Teachers’	use	of	computer-based	strategies	
 

This section attempts to highlight teachers’ use of computer-based strategies to teach chemistry 

and their preparedness or rather their readiness to teach in the fourth industrial revolution. The 

use of CATL methods in education is generally based on the view that they offer teachers an 

opportuntiy to transform the learning environment and thus better prepare learners for the 

information age and accelerate efforts of national development (Otieno, 2017). As a result, 

numerous studies have explored the role and potential of CATL in educational settings in 

enhancing content delivery as well as content understanding among learners (Smith, Higgins, 

Wall & Miller, 2005; Jang, 2010). 

 

Nkula and Krauss (n.d.) point out that it is well documented that the use of computers in 

education is associated with improved learning, thereby adding value to the curriculum 

implementation. However, despite the recorded benefits of CATL in education, there remains 

a high volume of schools that do not have the necessary infrastructure required for effective 

integration of CATL, particualry in developing countries such as  South Africa (e.g., Mathevula 

& Uwizeyimana, 2014). In fact, Mathevula and Uwizeyimana (2014) suggest that some schools 

that have the relevant infrastructure, tend to use CATL in a very limited manner that does not 

enhance science teaching and learning. In these instances, CATL is used purely for the 
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development of ICT-related skills rather than content understanding in science. This means 

that there is poor integration of CATL in science classrooms in general. 

 

To address the challenge of poor integration of CATL in science classrooms, Jang (2010) 

asserts that there is a need to enhance teachers’ TPCK through relevant teacher development 

initiative. Such initiative should focus mainly in pedagogical strategies and content 

representations that are based on CATL with the view to enhance teaching and learning (Mishra 

& Koehler, 2006). Research has actually shown that teacher training programs that integrated 

the development of TPCK, enhance the potential for teachers to integrate CATL in their 

practice. For example, Lehtinen, Nieminen and Viiri (2016) showed that there is a statistical 

significant differences between pre-service teachers’ pre- and post-tests in the content 

knowledge, pedagogical knowledge, and TPACK domains. Pre-service science teachers’ 

technological knowledge correlates significantly with their views on the usefulness of 

simulation and disposition towards integrating simulations in teaching. Lehtinen et al. (2016) 

therefore, argued that efforts should be made to enhance pre-service sciences teachers’ TPCK.  

 

Correspondingly, other researchers (e.g., Abbitt, 2011) have investigated the relationship 

between teachers’ self-assessed TPCK and their beliefs about their ability to integrate CATL 

in their teaching. Research in this regard, shows that improving pre-service teachers’ TPCK is 

positively correlated to their ability to integrate CATL in teaching science (Abbitt, 2011). 

Factors affecting the extent to which teachers integrate CATL have also been explored. 

Research in this regard suggest that internal factors, such as having a passion for computers 

and having a problem solving mentality, are critical determinants to integrate CATL in teaching 

(Ertmer, Ottenbreit-Leftwich, Sadik, Sendurur, & Sendurur, 2012). This finding was confirmed 

by Chen (2010) who showed that pre-service teachers’ self-assessed technological skills, 

teacher training programme experiences, and beliefs about the usefulness of technology in 

teaching and learning play a significant role in the potential to integrate CATL in science 

education.  

 

Similar results, Zacharia (2003) reported in teachers’ attitudes and beliefs regarding their 

potential to integrate CATL in their teaching. In particular, he explored pre-service and in-
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service teachers’ beliefs about the perceived disadvantages and advantages of using computer 

simulations in science education. It emerged from the findings that there was a positive 

correlation between “attitudes towards using simulations in science teaching were related to 

their beliefs about the positive learning outcomes of using computer simulations”. Simialrly, 

Zacharia, Rotsaka, and Hovardas (2011) found that beliefs about the impact of simulations in 

teaching positively correlates with attitudes towards using simulations. However, Lawless and 

Pellegrino (2007) cautions that self-reported technological knowledge does not often translate 

to practical integration of technology in the classroom. 

 

Other researchers have also shown that teachers’ and school adminsitrators’ attitudes toward 

CATL can have a significant impact on the extent to which computers are integrated into 

teaching and learning. For example, Pflaum (2004) identified a school in the USA, which had 

the necessary infrastructure for CATL, but was not integrating it into teaching and learning. 

This, as emerged was due to a negative attitude among teachers. To this end, Jang (2010) posits 

that school adminsitrators who have a generally negative attitude towards CATL, are less likely 

to support its integration in teaching. In fact, Makewa et al. (2013) reported that poor decision 

making may result as a consequence of negative attitudes towards CATL. The current 

researcher argues therefore that, it may not be enough to develop teachers’ TPCK and transform 

their attitudes and beliefs about CATL. What may be necessary is an overall whole school 

development approach, which include educating school adminsitrators about the role of CATL 

in education. That way, teachers could receive the necessary support from the school leadership 

and adminsitrators. 

 

In another case, in the Netherlands, where teachers had the necessary infrastructure, Volman 

(2005) found that teachers would use computers less than once a week or not at all, even though 

these resources were at their disposal. Interestingly, Lau and Sim (2008), found that in Malasia, 

older teachers integrated CATL more than their junior counterparts. These researchers found 

that this was due to well developed TPCK among the senior teachers, who were able to use 

CATL for  teaching, and classroom management. These results are supported by Russell, 

Bebell, O’Dwyer, and O’Connor (2003) who showed that junior teachers who were more 

highly skilled with technology than older teachers did not incorporate computers in their 

teaching. It was argued that this was because junior teachers did not have adequate TPCK for 
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integrating CATL in their teaching. Additinally, junior teachers seemed more concerned with 

acquainting themselves with curriculum and classroom management rather than exploring 

various teaching strategies.  

 

In Cyprus, Eteokleous (2007) evaluated the extent to which CATL is integrated into teaching 

whith the view to develop strategies for expanding the experiences of teachers and learners 

with computer technology. In particular, they wanted to determine factors that affect the use of 

CATL in Cypriot classrooms through a case study which used mixed-methods. Findings in this 

regard revealed that CATL is not extensively integrated in the classooms. Teachers in this 

research reported that they use computers to support traditional methods as they did not view 

them as a progressive teaching method. It was also found that personal, professional and 

organisational factors affect the extent to which CATL is integrated in Cypriot classrooms  

 

In South Africa, Ramorola (2013) found limited evidence of computer integration into 

classroom activities, “such as systematic planning and implementation of lessons that require 

learners to think critically, work collaboratively, and use technology in support of learning”. 

She found that this limitation was due to a lack of a technology policy to guide teachers on how 

and when to integrate CATL in their teaching. She argued that teachers seem to want authorities 

to dictate to them how CATL should be integrated. She also found that poor infrstracture and 

lack of skills has a significant impact on the extent to which CATL can be integrated. 

Furthermore, she argued that curriculum overload may limit teachers ability to integrate CATL. 

For example, teachers spend a significant amount of time planning, assessing, and managing 

records, time which could be better used for actual teaching. 

 

Kotoka (2013) used a non-randomised control-group pre-test and post-test quasi-experimental 

design to determine the impact of computer simulations in garde 11 Physical Science classes 

in South Africa. They found that  learners and teachers were generally familiar with the use 

and role of CATL instructional strategies. It was also found that both learners and teachers use 

some form of CATL in both teaching and learning. Access to CATL facilities was however 

identified as a possible impediment to the effectiveness of CATL. For example, some teachers 
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and learners reported that they have to rely on internet cafes to access the internet as school do 

not have the necessary infrastructure.  

 

Oladosu (2012) asserts that the world at large is looking towards integrating computer 

technologies into the education sector for promoting economic and technological 

advancements and thus, making education available to all. It is therefore against this 

background that Oladosu (2012) examined the basic technology teachers’ awareness and 

attitude towards computer technologies. The data for the study included a questionnaire and 

were analysed using descriptive statistics. The results showed that basic technology teachers’ 

have the right attitude towards computer technologies but lack adequate information-

integration methodologies. Also, in some schools it was found that computer technologies are 

available, but not connected to the internet, and the teachers can hardly access these computers 

not to mention impacting the technological knowledge on to the learners. 

 

Ndlovu and Lawrence (2012) assert that in South African learners from under-resourced 

schools, generally perform poorer than those from well-resoruced schools, particularly in 

mathematics and science. As such, the Department of Basic Education has turned to 

contemporary technologies to address the lack of resources and infrastructure, and to support  

teaching and learning in these schools. However, the impact of this intervention has been 

minimal even though a number of schools now have required ICT infrastructure (Pan African 

Research Agenda, 2008-2011). Though the Information and Communication Technology in 

Education policy (Department of Education, 2004) advocates the pedagogical integration of 

computer technologies that promotes the development of higher-order thinking skills, the 

teachers in these schools are still in the stage of using computer technologies to purely convey 

subject content rather than utilising the technologies to enhance learning (Ndlovu & Lawrence, 

2012). These researchers proposed that these teachers may require relevant training in order to 

be able to effectively use CATL resources in their teaching. They proposed that such an 

intervention could have a positive impact both on teaching and learning, and ultimately on 

learner performance.  
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Given the discrepencies in literature in terms of the impact of CATL, Ndlovu and Lawrence 

(2012) re-visited literature to determine the factors that affect the effectiveness of CATL. This 

is because in some instances, CATL has been reported to have a negative effect on teaching 

and learning. It was necessary therefore to identify factors in this regard, as well as context in 

which CATL may be ineffective. It was found that teachers in South Africa generally do not 

have adequate experience, knowledge and skills required to effectively integrate CATL in their 

classrooms. As a result, these teachers lacked confidence and necessary TPCK for effective 

integration of CATL. These findings are in agreement with Howie and Blignaught (2009) who 

also explored the readiness of South African schools to integrate CATL in teaching 

mathematics and science. These researchers showed that teacher preparedness plays a key role 

in determining whether or not teachers will adopt CATL teaching strategies. 

 

Odhiambo (2013) investigated the use of computer technologies in teaching and learning with 

respect to the use of computer technology by teachers and learners and the availability of  

CATL infrastructure. Using a descriptive survey design, they found that CATL has not been 

effectively integrated in teaching and learning. They also found that most learners, across 

different grades, have a high efficacy and motivation for using computers in their learning. 

This is because learners generally have the necessary skills for using these technologies. While 

teachers have the basic skills for using computer technologies, it was found that most of them 

lack the necessary TPCK for effectively integrating CATL in their teaching. As a result, most 

teachers still did not use CATL in teaching, even though the relevant infrastructrue may be 

available.  

 

Empirical evidence has shown that teachers’ perceptions of a concept is an important attribute 

of the success or failure of implementation of the concept (Ayot, Ogembo & Ondigi, 2015). To 

achieve such, these researchers conducted a study to find out if demographic factors, such as 

age, gender, years of teaching experience and the teachers area of specialisation (department), 

influenced teachers' willingness to integrate computers, as well as the extent of the contribution 

of contextual factors, such as teachers’ level of mastery and self-efficacy. The study was 

conducted among a sample of 126 primary school teachers in Msambweni District in Kwale 

County, Kenya. Data were collected through a self-report questionnaire constructed by the 

researchers. The study findings revealed that, while age and having access to an internet-
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enabled phone were a negative significant predictor of teachers’ willingness to integrate 

computers, gender, teaching experience and teachers’ area of specialisation were positive 

insignificant predictors. Similarly, teachers’ level of mastery was found to predict their 

willingness to integrate computers, with teachers’ mastery of computers in teaching being 

significant.  The study also established that teachers’ level of use of computer tools was still 

very low even where computer tools were already available and therefore recommended that 

the government supports teachers by in-servicing them on computer skills to increase mastery 

and thus willingness to use. Similarly, it is important that schools put in place departmental 

computer-support structures to institutionalise the integration of computers in classroom 

teaching. 

 

Mathevula and Uwizeyimana (2014) used a quantitative study to investigate the impact of 

computer-equipment availability and accessibility and teachers’ training in computer use on 

the integration of computers into the curriculum-related activities by teachers. The data used 

in this research were collected by means of structured questionnaires from 146 participants in 

12 secondary schools located in the Groot Letaba Circuit, Mopani District Municipality in 

Limpopo Province, South Africa. The findings reveal that, with the exception of TVs, 

photocopiers and laptop/desktop computers, there is a scarcity of computer resources available 

at schools for computer integration, and that the teaching and curriculum administration 

functions of most teachers have been negatively impacted by a lack of computer equipment 

and insufficient use of these computer resources for those schools that have them. In addition, 

while some teachers had received some form of computer training, it was evident that such 

training has had minimal or no impact at all on the abilities and confidence of teachers to use 

computers in their teaching. These factors that negatively influence teachers’ readiness for, and 

confidence in, using computers need to be dealt with by the various stakeholders including, 

and especially, the Department of Education and the school management and private partners.  

 

3.7 The	effectiveness	of	computer-based	strategies		
 

Advocacy for computer-based teaching strategies has partly been fuelled by research that 

shows that learners have difficulty learning symbolic and molecular representations in 

chemistry (e.g., Wu, Krajcik, Soloway, 2001). Researchers have therefore explored the role 

that could be played by computer-based teaching strategies to teach chemistry representations. 
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Results in this regard have shown that computer-based teaching strategies has a significant 

positive impact on learners’ understanding of chemical representations. They found that 

actively engaged learners are able to construct connections between visual and conceptual 

aspects of representations as predicted by the constructivism theory. As a result, these learners 

have been found to have a deeper understanding of chemical representations and concepts. In 

line with Mayer’s (2005) CTML, these results suggest that computer-based multimedia 

learning can assist learners construct mental images.  

 

In line with Mayer (2005), Mihindo, Wachanga, and Anditi (2017) asserted that computer-

based simulations (CBS) could be used to effectively present concepts that may be difficult to 

express using still text or diagrams. For example, CBS with animated colour and graphic 

images can be used to represent concepts of electrolysis (Mihindo et al., 2017). The 

effectiveness of CBS on learner achievements in chemistry has been explored significantly. 

For example, Mihindo et al. (2017) have shown that in Kenyan learners, CBS had a significant 

positive impact on learners achievement compared with regular teaching method (RTM). They 

concluded that CBS has a positive and significant contribution to the understanding of 

chemistry concepts and principles, as reflected by the higher performance of learners taught 

using CBS than the performance of their counterparts taught using RTM. These results are in 

agreement with Chang (2009), who asserted that CBS plays an important role in the 

contemporary teaching and learning of science concepts. Furthermore, Lee (2001) stated that, 

if CBS materials are developed and implemented in an effective way, learner’s achievement 

and affinity increase in science lessons. Therefore, gender has no effect on learners’ 

achievement in chemistry when they are taught through CBS. Correspondingly, Thiong’o, 

Ndirangu and Okere (2014) also investigated the impact of CBS on learners’ achievement in 

Physics. They found that a CBS module had a significant positive impact on achievement. They 

concluded that CBS module was more effective in enhancing learners’ achievement than were 

the RTMs. In the light of these corresponding findings, the current researcher suggest that it 

can be concluded that the use of CATL has a general positive impact on teaching and learning.  

This view is supported by Hancer (2008) .  

 

In a South African study, Du Plessis and Webb (2009) explored the learning as a design 

framework to develop critical learning outcomes using a hypermedia project-based approach. 
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The approach creates an environment where they “construct knowledge by designing and 

creating their own representations of knowledge through mindful and challenging learning” 

(Du Plessis & Webb, 2009, p. 16). It also creates an authentic learning experience for learning, 

by using real-life problems. This research showed that hypermedia project-based approach to 

CATL could improve learners’ computer skills, and higher-order thinking skills (Du Plessis & 

Webb, 2009). Similar results were reported by Moersch (1995) who used a framework for 

Levels of Technology Implementation (LoTI) to enhance learning. He found that teachers’ 

ability to design effective learning experiences that extended learners’ understanding was 

improved.   

 

Rayan and Rayan (2017) investigated the impact of integrating computerised techniques and 

modelling tools in otherwise traditional face-to-face classroom. They intended to determine if 

this could produce a more effective hybrid model of teaching which could improve learner 

motivation and positive attitudes towards science learning, with particular focus on chemistry. 

In this research, the researchers also explored the effect of molecular visualisations and 3D 

simulations on learners’ attitudes towards chemistry and subsequently performance related to 

conceptual understanding. findings showed that learners were more motivated leading to 

improved content understanding and positive attitudes towards chemistry. Learners reported 

that the use of visualizations improved their visualization of molecular concepts which 

enhances their content understanding. These researchers therefore concluded that a hybrid 

model of teaching chemistry creates a multimodel form of learning which incorporates “seeing 

and doing” (Rayan & Rayan, 2017). This in turn provides learners with an authentic learning 

opportunity where they can construct links between “chemical structures at the microscopic 

level and physico-chemical properties seen at the macroscopic level”.  

 

Similarly, Barak and Dori (2011) investigated the impact of integrating web-based animations 

in science education. They explored strategies used by teachers to integrate animations. They 

also intended discovering teachers’ perceptions of the impact of animations on learners’ 

cognitive skills as well as the overall impact of animations on learners content understanding. 

It was found that animations have a significant impact on learners’ content understanding, and 

improve their attitudes towards science learning. These researchers concluded that most 
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teachers use animations in conjuction with other traditional teaching methods. It was also found 

that animations improve learners’ ability to acquire science and visual literacies.  

 

Given the reported impact of animations on learners cognitive skills (Barak & Dori, 2011),  

Serin (2011) explored the impact of computer-based instruction on learners’ problem-solving 

skills in science.  Their research showed that using computer-based instruction has a significant 

positive impact on learners problem-solving skills as well as their academic achievement. 

Similar results were obtained by Stieff and Wilensky (2003), who conducted a study with the 

aim of describing a novel modelling and simulation package, connected chemistry, and of 

assessing its impact on learners’ understanding of chemistry. These researchers also showed 

that the connected chemistry modelling environment provides learners with the opportunity to 

observe and explore these interactions in a simulated environment that enables them to develop 

a deeper understanding of chemistry concepts and processes in both the classroom and 

laboratory (Stieff & Wilensky, 2003).  These researchers reported that prior to their interaction 

with connected chemistry, learners would memorise facts relying on rote learning strategies 

with minimal content and conceptual understanding. However, after their exposure to the 

intervention, learners were able to engage content more actively, using problem-solving 

strategies. As a result, these learners reported high cognitive skills as well as significantly 

improved content understanding. 

 

A more recent study (Ngatia, Changeiywo & Wambugu, 2019) investigated the effect of the 

Interactive Multimedia Simulations Advance Organisers (IMSAO) teaching approach on 

physics achievement in the topic Measurement in Kenyan secondary-school physics. The 

IMSAO approach integrates interactive multimedia simulations and advance organisers in the 

teaching and learning process (Ngatia et al., 2019). A Solomon-four, quasi-experimental 

research design was used. Four schools were purposefully sampled from the 24-mixed day 

public secondary schools in Nyahururu Sub-County of Laikipia County, Kenya. The sampled 

schools were randomly assigned to experimental and control groups. A total of 168 learners 

from the sampled schools were involved in the study. A Physics Achievement Test (PAT) was 

developed, validated and pilot-tested for use in data collection. The reliability coefficient of 

PAT was 0.83. A training manual on IMSAO was developed. Thereafter, the teachers in the 

experimental schools were trained on how to use IMSAO. A pre-test was administered to 
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students in one control and one experimental group and after the treatment a post-test PAT was 

administered to learners in all four groups. Data were then scored and analysed using an 

analysis of variance (ANOVA), analysis of covariance (ANCOVA) and t- tests, at α level of 

0.05. The findings indicated that learners taught using the IMSAO approach demonstrated 

significant improvement in PAT when compared to those taught through conventional teaching 

methods (CTM). On the basis of the findings, the researchers advocate the use of IMSAO for 

effectiveness and improved academic achievement in secondary school physics. 

 

Similar results were obtained by Keter, Wachanga and Anditi (2017). These researchers 

conducted a study to determine the effects of using computer-based cooperative mastery 

learning (CBCML) in enhancing learners’ achievement in chemistry in Bomet County, Kenya. 

In this instance, it was found that learners exposed to CBCML had significantly higher scores 

in the CAT than those taught through CTM. The researchers concluded that CBCML improves 

learners’ content understanding and achievement in chemistry.  

 

Although some countries (for example, Kenya and South Africa) have a national educational 

policy which aims to support the implementation of computers in pedagogical practices at all 

institutional levels, research studies in these countries indicate that CATL methods have not 

been successfully integrated in teaching and learning in the majority of their schools (for 

example, Mathevula & Uwizeyimana, 2014, in South Africa and Eteokleous, 2007, in Kenya). 

 
3.8 Teaching	strategies	used	by	teachers	in	rural	areas	
 

One of the objectives of the current research is to determine the teaching strategies that Grade 

11 chemistry teachers use to teach chemical reactions in rural areas. Hence, this section seeks 

to review the literature pertaining to the teaching strategies that Grade 11 chemistry teachers 

use to teach chemical reactions in rural areas. This is because, in under-resourced areas, 

teachers may not have the necessary 21st-century technologies, such as computers, and 

laboratories. Therefore, they may resort to more traditional methods, which may not be 

effective for the development of 21st-century skills. 
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a) Lecture Method 

 

A crucial part of teacher education for pre-service teachers as well as in-service teachers’ 

continuous professional development is improving their PCK, and its variants (Howitt, 2007; 

Loughran, Mulhall & Berry, 2008). As such, Kirbuluta and Bektas (2011) investigated the 

prospective chemistry teachers’ experiences of teaching practice with the aim of determining 

the experiences that prospective chemistry teachers have in relation to teaching practice. The 

researcher followed phenomenology research method with 6 pre-service teachers who were 

enrolled in teaching practice courses as participants. It emerged from this study that teaching 

practice played a significant role in pre-service teachers’ PCK development. Interestingly, 

participants in this research reported that their mentors predominantly used the lecturing 

methods as a standard teaching strategy. As a result, these pre-service teachers reported that 

they were not exposed to a alternative teaching methods in a real classroom setting even though 

they learnt about these in theory. Sola and Ojo (2007) argued that most mentor teachers use the 

lecturing method as a strategy for introducing new subject matter. These mentor teachers also 

use lecturing method for summarising ideas, showing the relationship between theory and 

practice and re-emphasising main points. They further emphasised that the lecture-

demonstration method is a teaching technique that combines oral presentation with doing to 

communicate process, concepts, ideas and facts, and observation, and is thus effective, 

particularly in teaching a skill that can be observed. 

 
Price (2011) asserts that, although lecture demonstrations are used in chemistry classrooms, 

there remains a dearth of knowledge regarding the extent to which they are used, as well as 

their effect on learners’ attitude, performance and motivation. For this reason, Price (2011) 

explored the extent to which teachers use lecture demonstrations in chemistry education. They 

also investigated teachers’ perceptions about the effects of lecture demonstrations on learners’ 

content understanding, attitudes and performance in chemistry. They found that a majority of 

teachers used the lecture demonstrations as a standard teaching method. This is because 

teachers were of the view that lecture demonstrations could improve content understanding 

among learners. Their results also showed that the use of lecture demonstrations was not related 

to teachers’ teaching experience as both novice and experienced teachers used the method 

similarly. 

 

b) Experiment-based teaching  
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Experiment-based teaching has been shown to play a critical role in advancing learners’ 

practical skills and innovative thinking. Researchers have thus used experiment-based teaching 

in science education with the view to improve learners’ content understanding (Zheng, Liu, 

Gao, Meng, Liu, & Li, 2011). This is because experiment-based teaching has been shown to 

enhance scientific knowledge in learners, teaching practice as well as innovation 

consciousness. To this end, Tarhan and Sesen (2010) explored the impact of experiment-based 

teaching in a laboratory setting on chemistry learners’ academic performance and attitudes 

towards chemistry. They found that learners who engaged in experiements performed 

significantly higher than their countereparts who did not. Similarly, their attitudes towards 

chemistry were significantly more positive. Researchers have therefore concluded that 

experiment-based teaching and learning as an active teaching and learning method could 

significantly enhance learners construction of knowledge, improve their cognitive skills and 

enhance the development of positive attitudes (Garnett, Garnett, & Hacking, 1995; Hofstein & 

Lunetta, 2002; Lunetta, 1998; Tobin, 1990). Simiarly, Tarhan and Sesen (2010) propose that, 

experiement-based teaching and learning which borrows from constructivism could improve 

academic achievement of learners and enhance their attitudes towards chemistry. For this 

reason, these researchers have proposed that experiment-based teaching and learning 

approaches should be incorporated into chemistry education in order to support learner 

development.  

 

Ibrahim, Surif, Hui, and Yaakub (2014) also provide an insight to the use of experiment-based 

teaching and learning, particularly among pre-service teachers. Here, pre-service teachers were 

asked to prepare and present experiement-based lessons to chemistry learners. They found that 

pre-service teachers tended to abandon constructivism principles and rely more on direct 

instruction as a form of teaching in experiment-based lessons. Alternatively, they used 

structured instructional strategies that do not give learners an opportunity for creative and 

active learning. As a result, learners play a passive role in the sessions which is counter 

productive in relation to constructivism and CTML principles. It was therefore recommended 

that teacher training institutions should explore strategies for enhancing pre-service teachers’ 

PCK related to experiment-based teaching and learning. 

 

c) Enquiry-based learning 
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According to Sola and Ojo (2007), enquiry is a way people learn when they are left alone. It 

thus permits learners to assimilate and accommodate information. As a result, Gormally, 

Brickman, Hallar and Armstrong (2009) report that research from meta-analyses suggest that 

enquiry-based instruction results in improved learning by learners. Also, most studies on the 

effectiveness of enquiry investigations have measured learner achievement through the 

acquisition of content knowledge, conceptual understanding, and overcoming misconceptions 

(Gormally et al., 2009). As such, through using these variables, these authors report that studies 

have demonstrated increases in learner achievement in enquiry lab classrooms. Moreover, it 

has been argued that enquiry-based teaching methods are the best pathway to achieving 

scientific literacy because they provide learners with the opportunity to discuss and debate 

scientific ideas (American Association for the Advancement of Science, 1993). 

 

In this regard, Ergul, Simsekli, Calis, Ozdilek, Gocmencelebi, and Sanli (2011) investigated 

the relationship between learners’ science process skills, attitude towards science, academic 

achievement and teaching method. They found that experiment-based teaching methods 

significantly enhances learners’ science process skills and attitudes. Similarly, Yakar and 

Baykara (2014) investigated the effects of experiment-based learning practices on scientific 

process skills, creative thinking, and attitudes towards science experiments of pre-service 

science teachers. They also found that experiment-based teaching methods significantly 

improve learners’ scientific process skills, creative thinking and attitudes towards science. 

These results are in agreement with Ibrahim, Hamza, Bello and Adamu (2018), who 

investigated the effects of experiment-based teaching methods academic achievement and 

retention. Their results showed that experiment-based methods significantly enhanced 

performance and attitude. Thus, Ibrahim et al. (2018) suggested that the teaching of chemistry 

should be conducted in such a way that learners effectively learn and retain the concepts 

presented to them. Henceforth, these authors recommended that chemistry teachers should be 

encouraged to use the enquiry method in the teaching of chemistry and, moreover, to 

incorporate it into the main stream of pedagogy in the teaching of chemistry in institutions of 

higher learning. 

 

d) Project-based learning 

 

According to Prince and Felder (2007), project-based learning (PBL) involves learning 

activities that require learners to engage in hands-on activities to produce something. These 
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activities may include “process or product design, a computer code or simulation, or the design 

of an experiment and the analysis and interpretation of the data” (Prince & Felder, 2007). 

Depending on the envisaged learning outcomes, the product may be a physical or virtual 

product, as well as a written or oral report which provides details of the activities that the 

learners engaged on and what the outcome of the activities was. While some positive results 

have been reported on this teaching approach, Prince and Felder (2007) noted that project-

based learning in science education is not popular. This could be because of lack of relevant 

PCK among teachers as well as lack of infrastructure and other resources required in project-

based learning. 

 

Johnson and Delawsky (2013) investigated the impact of project-based learning on chemistry 

learners’ behavioural, cognitive, and emotional engagement. The researcher reported that 

results were inconclusive in displaying an effect of PBL on cognitive engagement. The study 

also could not show any conclusive indication regarding the impact of PBL on learners’ 

emotional engagement. The study however showed that PBL improves learners content 

understanding including their cognitive engagement in the learning. This finding echoes Ravitz 

(2010) who also found that PBL has a positive impact on learner engagement. It is therefore 

recommended that schools and chemistry teachers should consider PBL as a teaching and 

learning methods of choice. 

 

e) Cooperative Learning  
 

In light of the promise of constructivism and social learning, researchers have explored the 

affordances of cooperative in science education. Among these are Oludipe and Awokoy (2010), 

who investigated whether cooperative learning could be used to reduce learning anxierty 

among chemistry students. Using a quasi-experimental design, these researcher showed that 

chemistry learners generally exhibit higher levels of anxiety due to perceived difficulty of the 

subject. However, when engaged in cooperative learning in chemistry, the anxiety levels were 

reduced significantly. Based on these findings, Oludipe and Awokoy (2010) proposed that 

cooperative learning should be considered as a teaching method of choice in cases where fear 

of learning chemistry is found.  
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Other researchers have since explore the role of cooperative learning on conceptual change. 

For example, Bilgin and Geban (2006), explored the effects of the cooperative learning on 

conceptual change, conceptual understanding and achievement in chemistry. These researchers 

found that cooperative learning improves learners’ conceptual understanding and achievement 

of computational problems related to the chemical equilibrium concepts. Additinally, 

cooperative learning was shown to enhance the development of science process skills. It was 

further found that cooperative learning is associated with improved acquisition of scientific 

conceptions. These results echoed Acar and Tarhan (2007), who also explored the impact of 

cooperative learning instruction on learners’ understanding of electrochemistry. Their study 

showed that cooperative learning instruction had a significant positive association with higher 

achievement scores. Another important finding in this regard was that cooperative learning was 

associated with reduced number of misconceptions, and possible remedial of pre-existing 

misconceptions.  

 

f) Cased-based teaching  
 

Case-based teaching is regarded by many teachers and instructional designers as an important 

teaching and learning method in science (Cetin, 2014). This is because case-based teaching has 

been shown to enhance learners’ conceptual understanding (Çelik & Kılıç, 2014). Though 

many studies have investigated learners’ conceptual understanding and their engagement in 

case-based activities, studies conducted in the subject of chemistry are very rare (Cetin, 2014). 

According to Çelik and Kılıç (2014) the association between argumentation skills and 

conceptual change could benefit from case-based teaching which has previously been shown 

to enhance conceptual understanding. It is therefore believed that it could also enhance 

argumentation skills, which are a critical component of science skills in the 21st-century.  In 

fact, Çelik and Kılıç (2014) tested the hypothesis that case-based teaching could enhance 

chemistry learners’ argumentation skills, conceptual understanding and attitude towards 

chemistry. This hypothesis was proven to be true through a multivariate analysis of variance. 

 

Similarly, Cetin (2014) investigated the effects of case-based learning on chemistry pre-service 

science teachers’ understanding of reaction rate concepts as well as their argumentation skills 

and their perceptions of case-based teaching. Using a non-equivalent control group design these 
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researchers showed that case-based teaching which incorporates argumentation intervention 

was associated with improved content understanding as well as the ability to engage in complex 

argumentation which required high order thinking skills. Subsequently, it emerged that 

participants had a positive attitude towards case-based teaching activities. These researchers 

concluded that case-based teaching enhances both content understanding as well as the quality 

of argumentation among learners . These results were later confirmed by Gultepe and Kilic 

(2015), who compared the integrated scientific process skills of learners who were exposed to 

case-based teaching and those who were not. In this study, scientific process skills included 

designing experiments, forming data tables, drawing graphs, graph interpretation, determining 

the variables and hypothesising, and changing and controlling variables. Results showed that 

in both groups, learners’ integrated scientific process skills improved significantly during 

teaching. However, in the experimental group, visualization and graphic interpretation skills 

improved significantly better than in the control group. These researchers (Gultepe & Kilic, 

2015) therefore concluded that case-based teaching was effective in enhancing learners’ 

science process skills, including visualization skills. 

 

3.9 Conclusion	
 

Given the discourse presented in the current chapter, and considering the characteristics of the 

new generation learners, the following questions remain:  what is the ideal pedagogy for the 

21st-century learning skills for teaching chemistry in under-resourced schools, and what 

strategies do teachers employ for effective teaching in chemistry? The current study therefore 

sought to determine, empirically, answers to these questions, and to provide guidance to 

curriculum and instructional designers on how best they could teach chemistry. This was 

primarily important, given the fact that a lot of research into teaching in the 21st-century tends 

to occur in the developed world. As such, there is an urgent need to provide theoretical 

guidelines and strategies to teachers in the under-developed and developing world, guidelines 

and strategies which are informed by their respective conditions. In the following chapter 

therefore, the researcher will present research methods used to respond to the research 

questions presented in Chapter 1, followed by the findings of the research. 
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4 CHAPTER	4:	RESEARCH	METHODOLOGY		
 

 
4.1 Introduction		
 
In the current chapter the researcher discusses the research methodology, methods and 

procedures followed in responding to the research question, “to what extent do physical 

sciences teachers adopt 21st-century computer-based instructional strategies in teaching 

chemical reactions in Grade 11?” According to Petty, Thomson and Stew (2012), “research 

methodology refers to the theoretical, political and philosophical experiences to social studies 

research and their implications for research practice and for the use of specific research 

methods”. It describes the philosophical perspectives that underpin research methods and 

approaches such as quantitative, qualitative methods or mixed mthods (Creswell, 2014). The 

current research followed a specific research method, which is founded on previous researches 

and modified where necessary to suit the aims of the current research as described below. 

 
4.2 Approach	to	the	research:	The	Paradigms	
 

 
Before the present research could be carried out, the researcher adopted a specific research 

paradigm which framed his approach to the research. Maree (2007) defines a paradigm as a set 

of assumptive beliefs about the nature of reality which give rise to a particular worldview. “It 

addresses fundamental assumptions taken on faith, such as beliefs about the nature of reality 

(ontology), the relationship between knower and known (epistemology) and assumptions about 

methodologies”. Thus, Lincoln and Guba (1985) pointed out that a paradigm represents what 

we think about the world. This implies that paradigms serve as the lens by which reality is 

interpreted. It substantially influences how one undertakes a social study from the way of 

framing and understanding social phenomena (Wahyuni, 2012). Hence, Guba and Lincoln 

(1994) tend to narrow their view of a paradigm to a single researcher at a given point in time. 

These scholars suggest that a paradigm is the basic belief system that a researcher possesses as 

he views the world and it guides the course of research. Because such a belief system may be 

individualistic, a researcher may have different opinions about means and strategies to obtain 

and interpret information.   
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As suggested by Schuster (1995-2005) a paradigm has three main characteristics. First, there 

is a set of laws and concepts under which scientists operate. Second, based on these are 

experimental and instrumental procedures which are used according to the set of laws. Finally, 

is the paradigm’s metaphysics, which are cultural assumptions followed within a paradigm.  

 

In Table 4.1, Healy and Perry (2000) provide a way through which one can categorise one’s 

research within the paradigms. Here, it is suggested that the ontology, epistemology and the 

methods used by researchers can be used to define the paradigm in which they are working.  

 

Table 4.1 
The different research paradigms for human sciences research(Adapted from Healy & Perry, 
2000) 
 

Element Positivism Critical theory Constructivism Realism 

Ontology 
Reality is real 
and 
apprehensible 

Virtual reality 
shaped by social, 
economic, ethnic, 
political, cultural 
and gender values 
crystallised over 
time 

Multiple local and specific 
constructed realities  

Reality is real but 
only imperfectly and 
probabilistically 
apprehensible 

Epistemology Objectivist: 
findings are true 

Subjectivist: value 
mediated findings 

Subjectivist; created 
findings 

Modified objectivist: 
findings probably 
true 

Common 
Methodology  

Experiments and 
surveys: 
verification of 
hypothesis. 
Chiefly 
quantitative 
methods 

Dialogic/dialectical: 
researcher is a 
transformative 
intellectual who 
changes the social 
world within which 
respondents live 

Hermeneutical/dialectical: 
researcher is a passionate 
respondent within the world 
being investigated 

Case 
studies/convergent 
interviewing: 
triangulation, 
interpretation of 
research issues by 
qualitative and some 
quantitative 
methods such as 
structural equation 
modelling 

 
 

According to Creswell (2009), beliefs held by a researcher regarding the nature of reality and 

the nature of knowledge impacts the choice of research approach they adopt, i.e.,  qualitative, 

quantitative, or mixed methods approach in their research. Thus, the current researcher in this 

research took an interactive role by which he managed to get to know the participants and the 

social context in which they live (Thanh & Thanh, 2015). They were working within the 

pragmatist paradigm and a mixed methods approach in this research.  The researcher sought to 

understand the world of his participants through gaining insight into their backgrounds, beliefs 
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and experiences. Additionally, qualitative approaches often give rich reports that are necessary 

for researchers to fully understand contexts (Thanh & Thanh, 2015).  

 

As a research paradigm, constructivism proposes that multiple perspectives including 

otherwise subjective views and flexibility of views are acceptable in research. As such, 

researchers who dopt constructivism paradigm tend to adopt flexible research approaches that 

embrace iteratively evolving data collection techniques. They also accept open participatory 

inclusive research designs that embrace both deductive and inductive reasoning (Thanh & 

Thanh, 2015). This is because the constructivism paradigm embraces the idea of intellectual 

emancipation which suggests that researchers ought not to be confined into narrow ways of 

doing research. As a result, constructivist researchers are allowed to construct knowledge as it 

emerges from their research experiences. On the other hand, while constructivism seeks to 

understand a particular context, it also accepts that knowledge is probably socially constructed 

(Thanh & Thanh, 2015). 

 

A constructivist approach holds assumptions that individuals search for an understanding of 

nature and reality (Creswell, 2009; Healy & Perry, 2000). In other words, it emphasises the 

individual’s ability to construct and define their own meaning of reality (Mack, 2010).  Hence, 

researchers who adopt constructivism attempt to construct meaning of reality as they 

experience it  (Creswell, 2009). As a result, such researchers are permitted to construct meaning 

of their experiences, meaning which may be subjective as idealized by the constructivist 

epistemology (Healy & Perry, 2000).  

 

For example, Creswell (2009) listed the three assumptions of constructivism from Crotty’s 

(1998) work. First, human beings construct meaning of reality and the world around them as 

they experience it. Such meaning could be a subjective interpretation of reality. It is on this 

basis that researchers who adopt qualitative research methods often use open-ended questions 

affording respondents opportunity to express their views openly. Second, humans’ expression 

of reality is affected by their past social experiences and perspectives. This is because, all 

humans are a product of social dynamics and cultures which shape their worldview and ways 

of thinking about reality. To this end, researchers may seek to explore their subjects’ context 

and at times, attempt to experience it for themselves in order to have a better understanding of 

the participants’ worldviews of reality. This may be done to minimize the pollution of reality 

by the researchers’ own experiences and perspectives. Lastly, constructivism accepts that the 
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generation of meaning and interpretation of reality is a social endevour which emerges from 

social interactives. As such, the process of knowing is usually inductive, with the inquirer 

generating meaning from the data collected in the field. 

 

Given its nature, characteristics and affordances as discussed above, the current research 

adopted a constructivist research paradigm as a framework. This was also supported by 

Ochonogor and Kotoka (2013), who also argued that constructivism is an ideal theoretical 

framework for exploring the use of computer-based teaching as a means for enhancing learners’ 

learning. This then led to the main focus of the current research, which sought to explore the 

extent to which physical science teachers adopt 21st-century computer-based instructional 

strategies in teaching chemical reactions in Grade 11 in order to help the learners reach their 

level of potential development. 

  

4.3 The	research	approach		
 

Creswell (2014, p. 31) defines a research approach as “plans and the procedures for research 

that span the steps from broad assumptions to detailed methods of data collection, analysis, and 

interpretation”. Research approaches can either be qualitative, quantitative or both (ie, mixed 

methods). A qualitative research approach “is a means for exploring and understanding the 

meaning individuals or groups ascribe to a social or human problem,” while a quantitative 

research approach “is a means for testing objective theories by examining the relationship 

among variables” (Creswell, 2009, p. 4). Mixed methods research is a research approach for 

collecting, analysing, and integrating both quantitative and qualitative data in a single study or 

series of studies for a purpose of gaining better understanding of research problems (Creswell 

& Creswell, 2005; Ivankova, Creswell & Stick, 2006). According to Li, Worch, Zhou and 

Aguiton (2015), mixed methods is both a method and methodology. As a method, it is an 

approach and comprises techniques to gather, analyse, and mix qualitative and quantitative 

data, while, as a methodology, it encompasses the integration of quantitative and qualitative 

methods at some stage of the research process, from philosophical assumptions to data 

collection and analysis (Li et al., 2015). However, mixed methods no longer confine the 

researcher to particular paradigms, as has traditionally been the case, and is considered a 

legitimate means of undertaking research in social and human science (Bowen, Rose & 

Pilkington, 2017). 
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Creswell and Plano Clark (2012) advance that the core rationale of using mixed methods is that 

the collective use of both qualitative and quantitative methods can provide a better 

understanding of a research phenomenon than a single method. Similarly, Creswell and 

Creswell (2005) outline that the benefit of collecting both forms results in quantitative data 

yielding generalisable trends and qualitative data providing in-depth voices and experiences of 

individuals within specific locations or contexts. Also, the capturing of both trends and in-depth 

perspectives provides a more rigorous understanding of phenomena than either quantitative or 

qualitative alone can offer and thus enhances the utility of each (Creswell & Creswell, 2005). 

Furthermore, Ivankova et al. (2006) advanced that, when quantitative and qualitative methods 

are used in combination, they complement each other and allow for a more robust analysis, 

taking advantage of the strengths of each. In line with these views, the present researcher 

adopted a mixed-method approach to the present research in order to harness the benefits of 

both the qualitative and quantitative approaches, thereby obtaining an in depth understanding 

of the phenomena being investigated. 

 

However, the present researcher noted Creswell and Creswell (2005), who argue that one of 

the key challenges for researchers adopting mixed methods research is that they ought to 

develop research skills in both quantitative and qualitative data collection and analysis. 

Creswell and Creswell (2005) also suggest that such researchers may need to be well versed in 

collecting experimental, correlational, or survey quantitative data as well as conducting focus 

groups and interviews, observing, and gathering documents for qualitative data. The present 

researcher embraced this challenge, as one would not want to compromise quality research due 

to skills limitations. In fact, the current researcher felt that, developing these skills was a crucial 

opportunity to learn through practice. As such, a mixed-methods approach was adopted in the 

current research. 

 

While the mixed-method approach was adopted, the researcher noted a lack of consistency in 

the literature regarding research designs in mixed methods approaches. Creswell (2014, p. 31) 

defines a research design as the “procedures of enquiry”. Research designs are the collective 

methods and procedures that are used by the researcher in sampling, data collection and 

analysis. The challenge observed by the present researcher, however, was the lack of 

consistency with regards to what are the research designs in mixed methods research.  
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For example, Bowen et al. (2017) identify three research designs in mixed methodology, 

namely, concurrent, sequential and transformation. However, Creswell (2014) identifies four. 

These are convergent parallel mixed methods, explanatory sequential mixed methods, and 

exploratory sequential mixed methods, as well as transformative mixed methods (Creswell, 

2014). Further still, Plano Clark, Huddleston-Casa, Churchill, O’Neil Gree and Garrett (2008) 

and Creswell and Plano Clark (2007) identify four designs for mixed methods (Figure 4.1). 

These are the triangulation design, explanatory design, exploratory design and embedded 

design. While the actual number of designs in mixed methods is debated, the definitions and 

principles underlying each are generally accepted. Consequently, the present researcher did not 

seek to provide a solution to the number debate, but rather to identify a design most suitable 

for the present research. 
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Figure 4.1. The four research designs in mixed methods approach  

 

The current research employed explanatory sequential mixed methods research, which was 

characterised by the collection of data through a quantitative survey followed by collection of 

qualitative data through an interview. In explanatory sequential mixed-methods research, the 

initial stage is a quantitative phase, which is then followed by a qualitative phase, where the 

qualitative data are used to explain the quantitative data (Li et al., 2015).  Generally, in 

quantitative research, data may be collected through experiments, surveys, or correlational 

methods. The qualitative data are then used to provide an in-depth understanding of the data 

using focus groups, interviews, and observations (Creswell & Creswell, 2005). They also 

advance that employing a mixed methods study in sequential stages improves the researcher’s 

ability to reconcile findings through a triangulation design.  As such, the qualitative results are 

used to explain  the statistical results in order to provide a detailed explaination of the results 

and emerging findings (Li et al., 2015).  

 

Accordingly, the current researcher was convinced that the explanatory design was best suited 

for the current research as it afforded him the opportunity to explain the statistical survey results 

in depth, through follow-up interviews which allowed him to explain the patterns observed in 

the quantitative data. The findings from the qualitative phase were also used to explain and 

contextualise and enrich the results from the quantitative phase of the research. Additionally, 

data obtained from the interviews were used to validate data from the survey. As suggested by 

Ivankova et al. (2006, p. 3), “the rationale for mixing both kinds of data within one study is 

grounded in the fact that neither quantitative nor qualitative methods are sufficient, by 

themselves, to capture the trends and details of a situation.”  

 

4.4 Sampling	
 
A sample is defined as a smaller group of respondents or participants taken from a population 

for measurement (Creswell, 2014). Sampling is the process of selecting these respondents or 

participants. Sampling is done in order to study, by way of research, specific characteristics of 

the larger population, and where applicable, to make generalisations about the population. 

Generally, there are two sampling approaches, namely, probability sampling (also known as 

random sampling) and non-probability sampling (also known as non-random sampling). In 
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probability sampling, all individuals have an equal chance of being sampled, whereas in non-

probability sampling individuals do not have an equal chance of being sampled. Consequently, 

non-probability sampling has limited generalisability.  

 

Generally, quantitative research adopts random sampling and non-random sampling, while 

qualitative research generally adopts non-random sampling. In random sampling there are at 

least four methods that can be used, namely, simple random sampling, systemic random 

sampling, stratified random sampling and cluster random sampling. In non-random sampling 

there is convenience sampling, quota sampling, purposive sampling and snowball sampling. 

Each of these has advantages and disadvantages which must be evaluated by the researcher in 

line with his or her research aims.  

 
The sampling in the current research was non-random purposive sampling by which 

participants are selected based on a predetermined set of characteristics. In this research, 

participants were Grade 10 to 12 Physical Science teachers ranging from recent graduates to 

those at the retirement age of 65. The participants should have at least a three-year teaching 

qualification or Bachelor of Science (BSc) degree majoring in Physical Science or Physics or 

Chemistry. They would include novice teachers and experienced teachers working in rural or 

township schools. The research site was the Mpumalanga Province in South Africa. A total of 

61 Physical Science teachers were selected based on their availability and willingness to 

participate in the study. These teachers participated in the quantitative component of the 

research. However, only a fraction of them participated in the qualitative component. 

 

Participants in the qualitative component of the study were selected using non-random 

sampling after the quantitative data analysis. In this instance, the researcher grouped the 

participants into four groups based on their age group: 20-30; 31-40; 41-50 and 51 and above. 

In each group, the researcher purposefully selected two participants, if they had agreed to 

participate in the interviews, except in the 31-40 where only one participant agreed to 

participate.  

 

All participants participated in the research voluntarily with the researcher committing to 

adhere to ethical standards of research, as stipulated in the research policy of the University of 

South Africa, where the study was carried out. Part of these standards is ensuring the anonymity 

of the participants. 
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4.5 Data	Collection		
 
Data collection is the process of gathering and measuring data from participants using a specific 

set of instruments in order to respond to the research questions (Henning, Van Rensburg & 

Smit, 2004). In the present research, quantitative data were collected using a questionnaire 

(Appendix 1), which was distributed in a survey. A survey is a research method by which 

participants are asked open- or closed-ended questions related to the topic of interest (Creswell, 

2014). These questions are often presented in a form of a questionnaire, which is an instrument 

consisting of items for the purpose of gathering information from respondents (Gault, 1907). 

In the present research, a semi-structured questionnaire (Appendix 1) was used to gather data 

from the participating teachers. 

 

The questionnaire used in the present research was adapted from Primas (2011). The 

questionnaire is composed of two sections, A and B. Section A of the questionnaire was used 

to gather the demographic data about the participant. These data included gender, age, 

education, the participants' continuing professional development (CPD), science backgrounds 

and other relevant experiences in science. Continuing professional development aims to 

develop teachers’ competencies related to their profession. This is expected because of the 

changes that have been taking place in the South African curriculum, such as the introduction 

of the Curriculum and Assessment Policy Statement (CAPS). As per the Department of Basic 

Education (DBE) requirements, all practising teachers are expected to attend compulsory CPD 

training.  

 

Section B of the questionnaire consists of Likert scale items. There are three sub-sections (ie, 

sub-sections 1 to 3), of which Sub-Section 1 and 2 explore how teachers conduct teaching in 

their classrooms, while Sub-Section 3 explores how often do teachers use certain teaching 

methods/strategies for teaching Physical Science in their classrooms. The questionnaire items 

required participants to elaborate on and to justify their responses and to back them up with 

appropriate examples, where possible, which were intended to evaluate the depth of the 

participants' understanding of the phenomena being investigated. These responses formed part 

of qualitative data used in the research. 
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Qualitative data were also collected through interviews. In this instance, the researcher used a 

semi-structured interview protocol (Appendix 2) to gather data. The interview protocol was 

designed based on the survey results. It consisted of 15 semi-structured items, as well as 

potential probes. The seven selected participants teaching Physical Science in Grades 10-12 

were individually interviewed about their use of certain teaching instruments, teaching 

strategies/methods and integrating technology into teaching. The semi-structured items were 

asked either as individual probes or sets of interrelated probes. The semi-structured interviews 

were undertaken in this phase, as structured interviews would not allow adequate flexibility 

and unstructured interviews would be too flexible (Bowen et al., 2017). All the participants 

were asked the same probes in the same order. Thus, uncertainties were avoided and the 

probability of misinterpreting responses to the survey items was greatly reduced. The validity 

of the questionnaire was thus ensured (Lederman, 1992; Lederman & O'Malley, 1990). The 

average interview time was about 25 minutes. All interviews were audio-recorded and that 

allowed full verbatim transcription afterwards (Creswell, 2005). 

 

4.6 Data	analysis	
 
Data analysis is defined as the process of deducing meaning from data by inspecting and 

modelling data using specific scientific means. Methods of data analysis vary between 

quantitative and qualitative data. Quantitative data in the present research were analysed by 

two methods, namely, descriptive analysis and inferential analysis. Descriptive analysis refers 

to the determination of the descriptive coefficients which provide a descriptive summary of the 

data with a focus on the different measures of central tendency and measures of variability. 

These are the mean, median, mode, percentage, frequency and range. Inferential statistical 

analysis on the other hand is concerned with making deductions from the sample data regarding 

the larger population by exploring relationships between variables. In the present research both 

descriptive and inferential statistical analysis were performed.  

 

There are at least three methods of qualitative data analysis. These are content analysis, 

narrative analysis, and framework analysis. In content analysis, the researcher is concerned 

with categorising data according to their respective content. In narrative analysis, data are 

reformulated into a narration based on the context in which they emerged. It is the revision of 

the primary data. In framework analysis, the researcher uses a pre-determined framework to 
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code data and classify them into themes, and categories based on emerging patterns.  In the 

present research, these three methods were used to analyse qualitative data  
 

4.7 Validity	and	reliability		
 

One of the important aspects of research is to ensure that the findings are valid and reliable. 

This includes the validation of instruments. In the present research, therefore, the researcher 

developed both instruments (questionnaire and interview protocol) systematically. To this end, 

the two instruments went through various stages of development, which were aimed at and 

improving their validity and reliability.  

 

To begin with, the researcher needed to determine the nature and type of items to include in 

the instruments. These items need to be contextually relevant and accurate in terms of content. 

Therefore, the research question and sub-questions were broken down into multiple items 

through which the sub-question and main question would be responded to. Other research 

studies that explored similar phenomena were also consulted. Having drafted these items, the 

researcher then consulted a panel of five expert researchers (not part of this research), who was 

asked to validate these items using the Taylor-Powell (2008) validation framework. In this 

framework, Taylor-Powell (2008) suggests that: 

• “The items in the instrument measure what they are supposed to measure.  

• All the words are understood by the respondents.  

• All respondents interpret the item in the same way.  

• All response choices are appropriate. 

• The range of response choices is actually used. 

• The respondents correctly follow the instructions.  

• The instrument creates a positive impression that motivates students to respond.  

• The length of time available to complete the questionnaire/interview is adequate.” 

 

The panel of expert researchers were therefore asked to determine face and content validity of 

the items by establishing if the items in the instrument test what they ought to and were suitable 

for the purpose they were designed for. The panel of expert researchers were satisfied by the 

validity of the questionnaire. 

 



 102 

The two instruments were also piloted on a group of teachers, who had the same characteristics 

as the main sample, as suggested by Creswell (2008), Maree and Pietersen (2007) and Libarkin 

and Kurdziel (2002). During the pilot, the researcher followed a pre-determine procedure 

which would also be used in the collection of the main data set. In this procedure the first step 

was introducing the research to the participants. This was followed by explaining the 

instructions for completing the questionnaire. In this regard, an example was presnetd to the 

participants explain how each question was to be approached. Thereafter, the participants were 

asked to complete the questionnaire. During this, the researcher recoded the time it took for all 

participants to complete the questionnaire. The researcher also invigilated the process to ensure 

that the participants worked individually and independently. Scripts were submitted into a 

sealed box by the participants after completion to ensure anonymity. The exact same procedure 

was followed during the collection of the main data following the validation of the 

questionnaire. This procedure is also recommended by Taylor-Powell (2008). After 

administering the test, all questionnaires were collected and analysed by the researcher. Based 

on the analysis, the researcher was confident that the questionnaire was valid and that the 

isntructions were easy to follow.  

 

The use of a semi-structured questionnaire was also done to enhance the validity of the 

research. Creswell (2014) suggests that data triangulation can be used to enhance the validity 

and qualitative reliability of the research. In this instance, data are collected using different 

methods, with the view to determining corroboration. In the present research, participants were 

asked to respond to Likert-scale items. Thereafter they were asked to explain and justify their 

responses. In this way, the researcher ensured that the quantitative answers provided were 

qualitatively explained. If there was no coherence between the qualitative and quantitative 

responses, the data would be deemed invalid and qualitatively unreliable. Similarly, data from 

the interviews were used to determine the validity and qualitative reliability of the research. 

 

At the end of the pilot and validation through the panel of experts the researcher was satisfied 

that the instruments were valid. The qualitative data (ie, in the questionnaire and interviews), 

enhanced the validity and qualitative reliability of the research. Quantitative reliability is 

reported on in the results section.  

 

The current researcher is aware that in some instances, it may be necessary to use different 

methods to validate data. For example, a research may use observations as a way of validating 
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interview data. However, in the current study, this approach was not followed given that the 

study followed an explanatory sequential mixed-methods approach. In explanatory sequential 

mixed-methods research, a quantitative phase is then followed by a qualitative phase where 

daataa are collected through a survey (quantitative data) and interviews (qualitative data) 

(Creswell & Clark, 2017; Li et al., 2015).  As explained above, in the current research, 

quantitative data were validated through a panel of experts, and the pilot study. Additionally, 

internal consistency was determine through Cronbach Alpha as discussed in Section 5.2. The 

interviews by themselves were not an independent set of data, but were conducted as a way of 

explaining and therefore validating quantitative data (Creswell, 2014). The approach used in 

the current research is similar to the approach used by Bullock (2017) in her doctoral study at 

the Utah State University. Simialrly, Li et al. (2015) followed a similar approach in a study 

conducted at the Bowling Green State University, Ohio. Other international researchers who 

have used explanatory sequential mixed-methods approach in th same way as the current 

researcher are Buck, Cook, Quigley, Eastwood and Lucas (2009), McCrudden and McTigue 

(2019) as well as Watson, Watson, Yu, Alamri, and Mueller (2017). In these studies, a 

quantitative survey was followed by interviews as was the case in the current research. The 

current researcher was therefore confident that the explanatory sequential mixed-methods 

approach used in the current study are founded in literature and had been used succefully in 

other international studies.   
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5 CHAPTER	5:	A	QUANTITATIVE	DESCRIPTION	OF	THE	RESULTS	
 
5.1 Introduction	
  

At the beginning of the present research, the author sought to determine the extent to which 

Physical Science teachers adopt 21st-century computer-based instructional strategies in 

teaching chemical reactions in Grade 11. As discussed in Chapter 1, the four research sub-

questions that the researcher intended to respond to were: 

• What teaching strategies do Grade 11 Chemistry teachers adopt when teaching 

chemical reactions in rural areas? 

• How do the adopted teaching strategies support the learners’ acquisition of 21st-century 

skills in chemistry? 

• How could computer-based teaching be integrated effectively in the teaching of 

chemical reactions in Grade 11 chemistry?  

• To what extent do teachers have the topic-specific PCK needed to teach Grade 11 

chemical reactions effectively in rural areas? 

 

The present chapter presents and describes the results of the research obtained using the 

methods described in Chapter 4. As described in Chapter 2, the study followed a mixed-method 

approach. Data emerged from teachers’ responses to the questionnaire (Appendix 1) and 

interviews (Appendix 2).  

 

Flowing from Chapter 4, one of the most important aspects of the research is validity and 

reliability. The validity of the instruments used was discussed in Chapter 4. As indicated, the 

reliability would be discussed in the present chapter. 

 

5.2 Reliability	in	the	research	
 

Quantitative reliability can be defined as a measure of internal consistency among items in an 

instrument. It attempts to determine the extent to which observed results could be obtained 

should the data be re-collected. One of the commonly used statistical parameters used to 

determine reliability is the Cronbach Alpha, which can be computed through statistical 

software for data analysis. In the present research, quantitative data analysis was carried out 

using the SPSS 25.0 software. According to Cohen (1969), a Cronbach Alpha value above 
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0.700 (70%) is indicative of an acceptable level of reliability. In the present research, 

Cronbach’s alpha was calculated to be 0.796 (79.6%) which is above the acceptable 70% mark. 

Consequently, the researcher was satisfied with the reliability level of the data.  

 

5.3 Biographical	characterisation	of	the	participants		
 
Having established the validity and reliability of the research, the researcher went on to 

determine the biographical characteristics of the participants. It was found that of the 

participants (N = 61), 68.9% were male and 31.1% were female. Of those, 42.6% were aged 

between 20-30 years and 29.5% were aged between 41-50 years. Furthermore, 44.3% had 

between 0-5 years of teaching experience and 19.7% had over 15 years of teaching experience 

(Table 5.3). 

 
Table 5.1 
The length of teaching experience of the participants  
 

Gender Years Frequency Per cent Valid Per 
cent 

Cumulative 
Per cent 

Male 

0 1 2.4 2.4 2.4 

0-5 years 19 45.2 45.2 47.6 

6-10 years 5 11.9 11.9 59.5 

11-15 years 9 21.4 21.4 81.0 

Over 15 years 8 19.0 19.0 100.0 

Total 42 100.0 100.0  

Female 

0 1 5.3 5.3 5.3 

0-5 years 8 42.1 42.1 47.4 

6-10 years 4 21.1 21.1 68.4 

11-15 years 2 10.5 10.5 78.9 

Over 15 years 4 21.1 21.1 100.0 

Total 19 100.0 100.0  

 
 
The participants were also asked to indicate the frequency of professional development events 

in which they had recently participated (Table 5.2). Results showed that male teachers had 

participated in more professional development activities than female teachers. 
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Table 5.2 
The frequency of professional development events in which teachers participated  
 

Gender Frequency Per cent Valid Per cent Cumulative Per 
cent 

Male  

0 - 2 years ago 21 50.0 50.0 50.0 

3-4 years ago 13 31.0 31.0 81.0 

5-6 years ago 3 7.1 7.1 88.1 

over 6 years ago 5 11.9 11.9 100.0 
Total 42 100.0 100.0  

Female  

0 - 2 years ago 9 47.4 47.4 47.4 

3-4 years ago 9 47.4 47.4 94.7 

5-6 years ago 1 5.3 5.3 100.0 
Total 19 100.0 100.0  

 
 
In the South African teacher training context, the level of training in the content area that 

teachers obtain varies with institution and qualification. Some teachers may have only one year 

of tertiary education of content in their field of specialisation (for example, NQF level 5) while 

others may have up to three years (for example, NQF level 7). This means, a teacher may teach 

chemistry with only one year of chemistry content knowledge training in tertiary education, 

while another may have up to three years. Other teachers may have a Bachelor of Science with 

Chemistry as their major, while others may have a Bachelor of Education with Physical Science 

as a major; the former would have more years of content knowledge training than the latter. 

Additionally, some teachers may have postgraduate training, such as an Honour’s, Master’s or 

even a doctoral degree, while others may not. The participants in the current research were, 

therefore, also asked to indicate their level of content knowledge, in years, received during 

their training (Table 5.3). Results show that 47.5% (n=29) of the teachers had 2 years of content 

knowledge, while only 6.6% (n=4) of the teachers had postgraduate training (Table 5.3).  

 



 107 

Table 5.3 

The level of content knowledge among the teachers 

Gender Frequency Per cent Valid Per cent Cumulative Per 

cent 

Male Valid 

0 5 11.9 11.9 11.9 
No content knowledge 
training 1 2.4 2.4 14.3 

1 year of content knowledge 
training 3 7.1 7.1 21.4 

2 years of content 
knowledge training 24 57.1 57.1 78.6 

3 years of content 
knowledge training 6 14.3 14.3 92.9 

Postgraduate training 3 7.1 7.1 100.0 

Total 42 100.0 100.0  

Female Valid 

1 year content knowledge 
training 5 26.3 26.3 26.3 

2 years of content 
knowledge training 5 26.3 26.3 52.6 

3 years of content 
knowledge training 8 42.1 42.1 94.7 

Postgraduate training 1 5.3 5.3 100.0 

Total 19 100.0 100.0  

 

The participants were also profiled according to gender. As shown in Table 5.4, it appears that 

more young teachers are female and older teachers are male. For instance, 52.6% (n=10) were 

female teachers aged between 20-30 years, and 14.3% (n=6) were male teachers who were over 

50 years of age. 
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Table 5.4 

The age distribution of the teachers participating in the study 

Gender Frequency Per cent Valid Per cent Cumulative Per 
cent 

Male  

20-30 years old 16 38.1 38.1 38.1 

31-40 years old 7 16.7 16.7 54.8 

41-50 years old 13 31.0 31.0 85.7 

Over 50 years old 6 14.3 14.3 100.0 
Total 42 100.0 100.0  

Female  

20-30 years old 10 52.6 52.6 52.6 

31-40 years old 2 10.5 10.5 63.2 

41-50 years old 5 26.3 26.3 89.5 

Over 50 years old 2 10.5 10.5 100.0 
Total 19 100.0 100.0  

 
 
5.4 Teaching	strategies	and	methods	used	by	teachers	to	teach	

chemical	reactions	

  
 
Further investigation was done to determine the teaching strategies used by most teachers when 

teaching chemical reactions. As shown in Tables 5.5 a and b it was found that most teachers 

use textbooks and worksheets to teach chemical reactions. Thirty-one per cent (31%) of the 

teachers in this instance indicated that they always use textbooks and worksheet. Notably, 

computers were least used, with 54% of the teachers reporting that they never use computers.  

Similarly, 31% indicated that they never use computer simulations and 28% said they never 

use audio-visual materials. 
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Table 5.5a 
The teaching instruments used by teachers 
 

 Audio-visual 
Textbooks 
and 
worksheets  

Computer 
simulations 

Learner 
preferences. 

Use of 
computers  

Median 2.00 3.,00 2.00 2.00 1.00 

Mode 2.00 3.00 2.00 2.00 1.00 

SD 0.90 0.93 0.75 0.91 0.86 

Variance 0.80 0.87 0.56 0.82 0.74 

Skewness 0.34 -0.27 0.41 0.15 0.78 

SE Skew 0,31 0,31 0,31 0,31 0,31 

Kurtosis -0.68 -0.94 -0.31 -0.71 -0.75 

SE Kurt 0.60 0.60 0.60 0.60 0.60 

 
 
Table 5.5b 
The teaching instruments used by teachers 
 

Frequency Audio-visual 
Textbooks 
and 
worksheets  

Computer 
simulations 

Learner 
preferences 

Use of 
computers  

Never 27.9 6.6 31.1 13.1 54.1 

In some lessons 39.3 29.5 49.2 41.0 23.0 

In most lessons 26.2 32.8 18.0 31.1 21.3 

Always 6.6 31.1 1.6 148 1.6 

Total 100.0 100.0 100.0 100.0 100.0 

 
In view of the instruments used by teachers, the researcher also determined the most preferred 

teaching method (Table 5.6a and b). It was found here that problem solving, cooperative 

learning and learner-centred approaches are some of the methods used by teachers when 

teaching chemical reactions. Almost half of the participating teachers (49%) indicated they 

always use question-based teaching methods, and 33% indicated they always use facilitated 

discovery. Similarly, 59% of the teachers indicated that they use facilitated discovery in most 

lessons. The least used methods were the computer-based teaching methods, where 49% of the 

teachers indicated that they never use these methods. Similarly, 33% indicated that they never 

use the lecture method to teach chemical reactions. The data ultimately revealed that the most 

common teaching methods were problem-solving, discussion method, group learning, case-

based activities and facilitated discovery.  

 

Almost half of the participating teachers (49%) indicated they always use question-based 

teaching methods, with 33% indicating that they always use facilitated discovery. Similarly, 
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59% of the teachers indicated that they use facilitated discovery in most lessons. The least used 

methods were the computer-based teaching methods, where 49% of the teachers indicated that 

they never use these methods. Similarly, 33% indicated that they never use the lecture method 

to teach chemical reactions. The data ultimately revealed that the most common teaching 

methods were problem-solving, discussion method, group learning, case-based activities and 

facilitated discovery.  

 

Having determined the most common teaching methods and instruments, the researcher further 

investigated whether age, experience, qualifications and continued professional development 

affected the choice of methods and instruments used. The results related to this are presented 

below. It emerged from a Mann-Whitney analysis that there is no significant difference in the 

instruments used by teachers to teach chemical reactions when compared by age (p > 0.05; 

Table 5.7a). Data showed that 31% of teachers aged 20-30 always use textbooks and 

worksheets, as do 22% of teachers aged 41-50 and 25% aged 50 and above.  Data in table 5.8b 

also shows that computers are least used in all age groups. 

It was also found that there is no significant difference in the teaching methods used when 

teachers are compared by age group (p > 0.05). As shown in Table 5.8, most teachers aged 20-

30 reported that they always use group learning (42%), problem-solving (42.3%), facilitated 

discovery (39%), and case-based activities (38.5%). It was also found in this age group (20-

30), that most teachers use facilitated discovery (61%), discussion method and active learning 

(50%) in most lessons. This trend was also observed among teachers aged over 50 years. Here 

results showed that 75% of the teachers use problem-solving and the discussion method in most 

lessons. Sixty-three per cent (63%) use active learning and facilitated discovery in most 

lessons. Overall, these results suggest that teachers use similar teaching methods irrespective 

of their age. Facilitated discovery is the most used method.
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Table 5.6a 
The teaching methods used by teachers 
 

 

Enquiry-based learning 

C
om

puter-based teaching  

Problem
- solving 

R
oleplay/sim

ulation 

C
ooperative learning  

Project-based learning 

Learner -centred teaching 

D
iscussion m

ethod 

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent-based 

teaching  

Q
uestion -based teaching  

Self-directed learning  

G
roup learning  

C
ase-based activities  

Facilitated discovery  

Median 2.00 2.00 3.00 2.00 3.00 2.00 3.00 3.00 2.00 2.00 3.00 2.00 3.00 2.00 2.50 3.00 3.00 

Mode 2.00 1.00 3.00 2.00 2.00 2.00 3.00 3.00 2.00 2.00 3.00 2.00 4.00 2.00 2.00 3.00 3.00 

S.D. 0.82 0.89 0.72 0.87 0.81 0.68 0.75 0.67 0.93 0.74 0.75 0.74 0.83 0.51 0.54 0.71 0.61 

Variance 0.68 0.79 0.52 0.76 0.66 0.46 0.56 0.45 0.87 0.55 0.57 0.55 0.70 0.26 0.29 0.50 0.37 

Skewness 0.35 0.96 -0.48 0.43 0.19 0.22 0.25 -0.06 0.58 0.43 -0.05 0.58 -0.71 0.31 0.39 -0.05 0.06 

SE Skew 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0,.31 0.31 0.31 0.31 0.31 

Kurtosis -0.65 0.04 0.04 -0.43 -1.07 0.10 -1.16 -0.69 -0.50 0.14 -0.67 -0.54 -0.67 -0.34 -0.72 -0.94 -0.75 

SE Kurt 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 
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Table 5.6b 
The teaching methods used by teachers 
 

Frequency 

Enquiry-based learning  

C
om

puter- based 
teaching  

Problem
- solving 

R
oleplay/sim

ulation 

C
ooperative learning  

Project- based learning 

Learner- centred 
teaching  

D
iscussion m

ethod  

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent- based 

teaching  

Q
uestion-based 

teaching  

Self-directed learning  

G
roup learning  

C
ase-based activities  

Facilitated discovery  

 Never 492 4918 164 2623 164 1639 000 0,00 32,79 984 164 164 164 328 000 000 0.00 

In some lessons 47.54 31.15 14.75 44.26 39.34 59.02 36.07 19.67 39.34 55.74 29.51 50.82 19.67 67.21 44.20 22.95 8.20 

In most lessons 31.15 14.75 52.46 22.95 36.07 22.95 42.62 55.74 19.67 27.87 47.54 34.43 29.51 29.51 50.90 50.82 59.00 

Always 16.39 4.92 31.15 6.56 22.95 1.64 21.31 24.59 8.20 6.56 21.31 13.11 49.18 0.00 4.90 26.23 32.80 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

 
 

Table 5.7a 

Age-based comparison of teaching instruments used by teachers 

  Audio-visual Textbooks and 
worksheets  Computer simulations Learner preferences. Use of computers  

Kruskal-Wallis H 3.142 2.527 7.531 0.181 2.143 

df 3 3 3 3 3 

Asymp Sig 0.370 0.470 0.057 0.981 0.543 

a. Kruskal Wallis Test 
b. Grouping Variable: Age 
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Table 5.7b 

Age-based comparison of teaching instruments used by teachers 

Age groups Frequency Audio-visual Textbooks and worksheets  Computer simulations Learner preferences. Use of computers  

20-30 years old 

Never 38.5 7.7 50.0 15.4 61.5 

In some lessons 38.5 30.8 34.6 34.6 15.4 

In most lessons 19.2 30.8 11,5 46,2 23,1 

Always 3.8 30.8 3.8 3.8 0.0 

31-40 years old 

Never 11.1 22.2 11.1 11.1 55.6 

In some lessons 55.6 22.2 66.7 44.4 22.2 

In most lessons 33.3 55.6 22.2 22.2 22.2 

41-50 years old 

Never 22.2 5.6 27.8 0.0 38.9 

In some lessons 38.9 33.3 55.6 16.7 33.3 

In most lessons 27.8 38.9 16.7 38.9 22.2 

Always 11.1 22.2 0.0 16.7 5.6 

Over 50 years old 

Never 25.0 12.5 0.0 0 62.5 

In some lessons 25.0 25.0 62.5 62.5 25.0 

In most lessons 37.5 37.5 37.5 25.0 12.5 

Always 12.5 25.0 0.0 12.5 0.0 
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Table 5.8 

Age-based comparison of teaching methods used by teachers 

Age group Frequency 

Enquiry-based learning 

C
om

puter- based teaching 

Problem
- solving 

R
oleplay/sim

ulation  

C
ooperative learning  

Project- based learning 

Learner- centred teaching  

D
iscussion m

ethod  

Lecture m
ethod  

M
astery learning  

Active learning 

Experim
ent-based teaching  

Q
uestion- based teaching 

Self- directed learning  

G
roup learning  

C
ase- based activities  

Facilitated discovery  

20-30 

Never 57.69 57.69 3.80 30.77 3.85 15.38 0.00 0.00 38.46 11.54 0.00 0.00 3.85 0.00 3.85 0.00 0.00 

In some lessons 26.92 26.92 7.70 38.46 30.77 53.85 34.62 26.92 42.31 61.54 30.77 50.00 23.08 65.38 46.15 19.23 0.00 

In most lessons 7.69 7.69 46.20 26.92 42.31 26.92 46.15 50.00 11.54 15.38 50.00 34.62 26.92 34.62 7.69 42.31 61.00 

Always 7.69 7.69 42.30 3.85 23.08 3.85 19.23 23.08 7.69 11.54 19.23 15.38 46.15 0.00 42.31 38.46 39.00 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

31-40 

Never 55.56 55.56 0.00 11.11 0.00 22.22 0.00 0.00 22.22 0.00 11.11 0.00 0.00 11.11 22.22 0.00 0.00 

In some lessons 33.33 33.33 22.20 66.67 55.56 55.56 33.33 0.00 22.22 66.67 22.22 55.56 11.11 33.33 22.22 22.22 22.00 

In most lessons 1111 11.11 55.60 22.22 22.22 22.22 22.22 55.56 44.44 33.33 22.22 33.33 22.22 55.56 44.44 55.56 44.00 

Always 0.00 0.00 22.20 0.00 22.22 0.00 44.44 44.44 11.11 0.00 44.44 11.11 66.67 0.00 11.11 22.22 33.00 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

41-50 

Never 38.89 38.89 0.00 27.78 0.00 22.22 0.00 0.00 27.78 16.67 0.00 5.56 0.00 5.56 55.56 0.00 0.00 

In some lessons 33.33 33.33 22.20 38.89 38.89 55.56 33.33 22.22 50.00 38.89 27.78 44.44 16.67 83.33 11.11 38.89 11.00 

In most lessons 22.22 22.22 50.00 16.67 38.89 22.22 55.56 55.56 11.11 38.89 50.00 33.33 33.33 11.11 22.22 44.44 61.00 

Always 5.56 5.56 27.80 16.67 22.22 0.00 11.11 22.22 11.11 5.56 22.22 16.67 50.00 0.00 11.11 16.67 28.00 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

Over 50 
Never 37.50 37.50 0.00 25.00 0.00 0.00 0.00 0.00 37.50 0.00 0.00 0.00 0.00 0.00 25.00 0.00 0.00 

In some lessons 37.50 37.50 12.50 50.00 50.00 87.50 50.00 12.50 25.00 62.50 37.50 62.50 25.00 75.00 37.50 87.50 13.00 
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Age group Frequency 

Enquiry-based learning 

C
om

puter- based teaching 

Problem
- solving 

R
oleplay/sim

ulation 

C
ooperative learning  

Project- based learning 

Learner - centred teaching 

D
iscussion m

ethod 

Lecture m
ethod  

M
astery learning  

Active learning 

Experim
ent -based teaching  

Q
uestion -based teaching 

Self-directed learning  

G
roup learning  

C
ase- based activities  

Facilitated discovery  

In most lessons 25.00 25.00 75.00 25.00 25.00 12.50 25.00 75.00 37.50 37.50 62.50 37.50 37,50 25.00 37.50 12.50 63.00 

Always 0.00 0.00 12.50 0.00 25.00 0.00 25.00 12.50 0.00 0.00 0.00 0.00 37.50 0.00 0.00 0.00 25.00 

Total 100 100 100 100 100 100 100 00 100 100 100 100 100 100 100 100 100 
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Table 5.9a 

Experience-based comparison of teaching instruments used by teachers 

Teaching Experience Audio-visual Textbooks and worksheets  Computer simulations Learner 
preferences. Use of computers  

0-5 years 
  
  
  
  
  
  
  

Median 2.00 3.00 2.00 3.00 1.00 

Mode 2.00 2.00 1.00a 3.00 1.00 

S.D. 083 0.93 0.75 0.85 0.88 

Variance 0.69 0.87 0.56 0.72 0.77 

Skewness 0.43 -0.07 0.40 -0.35 0.74 

S.E. Skew. 0.45 0.45 0.45 0.45 0.45 

Kurtosis -0.35 -1.30 -1.06 -0.46 -1.31 

S.E. Kurt. 0.87 0.87 0.87 0.87 0.87 

6-10 years 
  
  
  
  
  
  
  

Median 2.00 3.00 2.00 2.00 1.00 

Mode 1.00a 4.00 2.00 2.00 1.00 

S.D. 1.05 1.05 0.60 0.78 0.88 

Variance 1.11 1.11 0.36 0.61 0.78 

Skewness 0.55 -1.09 -0.02 1.80 1.19 

S.E. Skew. 0.72 0.72 0.72 0.72 0.72 

Kurtosis -0.55 0.61 1.13 5.65 -0.45 

S.E. Kurt. 1.40 1.40 1.40 1.40 1.40 

11-15 years 
  
  
  
  
  
  
  

Median 2.00 3.00 2.00 2.00 2.00 

Mode 3.00 3.00 2.00 2.00 1.00 

SD 1.01 0.98 0.70 1.21 0.87 

Variance 1.02 0.96 0.49 1.47 0.76 

Skewness 0.05 -0.35 0.12 0.28 0.41 

SE Skew 0.66 0.66 0.66 0.66 0.66 
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Teaching Experience Audio-visual Textbooks and worksheets  Computer simulations Learner 
preferences. Use of computers  

Kurtosis -1.00 -0.59 -0.45 -1.65 -1.62 

S.E. Kurt. 1.28 1.28 1.28 1.28 1.28 

Over 15 years 
  
  
  
  
  
  
  

Median 2.00 3.00 2.00 2.50 2.00 

Mode 2.00 3.00 2.00 2.00a 1.00a 

SD 0.89 0.89 0.67 0.80 0.94 

Variance 0.79 0.79 0.45 0.64 0.88 

Skewness 0.14 -0.14 -0.09 0.00 1.18 

SE Skew 0.64 0.64 0.64 0.64 0.64 

Kurtosis -0.25 -0.25 -0.19 0.15 1.33 

SE Kurt 1.23 1.23 1.23 1.23 1.23 

Kruskal-Wallis H 1.459 1.386 1.747 2.008 0.989 

df 3 3 3 3 3 

Asymp Sig 0.692 0.709 0.626 0.571 0.804 
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Data were also analysed to determine if there are differences in the instruments and methods 

used by teachers to teach chemical reactions when compared by teaching experience. Results 

(Table 5.10) from a Kruskal Wallis analysis showed here that there is no significant difference 

in the instruments used by teachers when compared by experience. In this instance, most 

teachers use textbooks and worksheets, irrespective of the teaching experience in years. 

Similarly, computers were least used across all groups.    

 
It was noteworthy, however, that 48% of teachers with 0-5 years of experience and 42% of 

those with over 15 years of experience reported that they teach according to learners’ individual 

needs in most lessons (Table 5.10b). The other groups, however (ie, 6-10 years and 11-15 

years) reported that they teach according to learners’ individual needs in some lessons (78% 

and 46%, respectively). Another important observation was that some teachers reported that 

they never use textbooks and worksheets (Table 5.9b). For example, 4% of teachers with 0-5 

years of teaching experience, 11% of teachers with 6-10 years of teaching experience, 9% of 

teachers with 11-15 years of teaching experience and 8% of teachers with over 15 years of 

teaching experience reported that they never use textbooks and worksheets. 
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Table 5.9b 

Experience-based comparison of teaching instruments used by teachers 

Experience Group Frequency Audio-
visual 

Textbooks and 
worksheets  

Computer 
simulations 

Learner 
preferences. 

Use of 
computers  

0-5 years 

Never 29.6 3.7 40.7 14.8 59.3 

In some 
lessons 44.4 37.0 40.7 29.6 14.8 

In most 
lessons 22.2 25.9 18.5 48.1 25.9 

Always 3.7 33.3  7.4  

Total 100.0 100.0 100.0 100.0 100.0 

6-10 years 

Never 33.3 11.1 22.2 11.1 66.7 

In some 
lessons 33.3 11.1 66.7 77.8 11.1 

In most 
lessons 22.2 33.3 11.1  22.2 

Always 11.1 44.4  11.1  

Total 100.0 100.0 100.0 100.0 100.0 

11-15 years 

Never 27.3 9.1 27.3 18.2 45.5 

In some 
lessons 27.3 27.3 54.5 45.5 27.3 

In most 
lessons 36.4 36.4 18.2  27.3 

Always 91 27.3  36.4  

Total 100.0 100.0 100.0 100.0 100.0 

Over 15 years 

Never 16.7 8.3 16.7 8.3 41.7 

In some 
lessons 41.7 33.3 58.3 41.7 41.7 

In most 
lessons 33.3 41.7 25.0 41.7 8.3 

Always 8.3 16.7  8.3 8.3 

Total 100.0 100.0 100.0 100.0 100.0 

 
 
With regard to teaching methods used by teachers, results revealed that computer-based 

teaching was the least used method among teachers with 0-5 and 6-10 years of teaching 

experience (Table 10a). There was, however, no significant difference between the teaching 

methods used by teachers when compared by years of experience (p >0 .05; Table 10a). 

 
Data, however, showed that 56% of teachers with 0-5 and 6-10 years and 46% of teachers with 

11-15 years of teaching experience never use computer-based teaching methods. However, 

among teachers with over 15 years of teaching experience, the least used teaching method was 

the lecturing method where 42% of the teachers indicated that they never use the lecturing 
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method. In this group, facilitated discovery was the most popular teaching method as 25% of 

the teachers indicated that they always use it and this method was also popular among other 

groups. 
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Table 5.10a 

A comparison of teaching methods used by teachers when compared by years of teaching experience 

  

Enquiry-based 
learning 

C
om

puter- based 
teaching  

Problem
- solving 

R
oleplay/sim

ulation  

C
ooperative learning 

Project- based 
learning 

Learner- centred 
teaching 

D
iscussion m

ethod 

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent- based 

teaching 

Q
uestion- based 

teaching 

Self-directed 
learning  

G
roup learning  

C
ase-based 
activities  

Facilitated discovery  

0-5 years Median 2.00 1.00 3.00 2.00 3.00 2.00 3.00 3.00 2.00 2.00 3.00 2.00 3.00 2.00 2.50 3.00 3.00 

  Mode 2.00 1.00 3.00 2.00 2.00 2.00 3.00 3.00 2.00 2.00 3.00 2.00 4.00 2.00 2.00 3.00 3.00 

  SD 0.80 0.98 0.78 0.83 0.88 0.73 0.72 0.73 0.96 0.66 0.80 0.69 0.92 0.55 0.54 0.76 0.60 

  Variance 0.64 0.97 0.61 0.69 0.77 0.53 0.52 0.53 0.93 0.43 0.64 0.48 0.85 0.31 0.29 0.58 0.36 

  Skewness 0.44 1.09 -0.66 0.29 0.02 0.52 0.23 -0.12 0.44 0.56 -0.28 0.76 -0.71 0.00 0.16 -0.06 0.09 

  SE Skew 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

  Kurtosis -0.13 0.07 0.49 -0.48 -1.02 0.73 -0.93 -1.01 -0.61 0.91 -0.28 -0.50 -0.67 -0.65 -1.38 -1.19 -0.52 

  SE Kur. 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 

6-10 years Median 3.00 1.00 3.00 2.00 3.00 2.00 2.00 3.00 2.00 2.00 3.00 2.00 4.00 2.00 2.50 3.00 3.50 

  Mode 2.00a 1.00 3.00 2.00 2.00a 2.00 2.00 3.00 1.00a 2.00 3.00 2.00 4.00 2.00 3.00 3.00 3.00a 

  SD 1.09 0.53 0.53 1.00 0.87 0.50 1.00 0.71 0.87 0.87 0.78 0.73 0.97 0.50 0.46 0.44 0.55 

  Variance 1.19 0.28 0.28 1.00 0.75 0.25 1.00 0.50 0.75 0.75 0.61 0.53 0.94 0.25 0.22 0.19 0.30 

  Skewness -0.19 0.27 0.27 0.96 0.00 0.86 0.86 0.00 0.00 0.66 0.22 1.01 -0.55 0.86 -0.26 1.62 -0.19 

  SE Skew 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 

  Kurtosis -1.23 -2.57 -2.57 0.79 -1.71 -1.71 -1.71 -0.29 -1.71 0.83 -1.04 0.19 -2.01 -1.71 -2.02 0.73 -1.23 

  SE Kur. 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 

11-15 years Median 3.00 2.00 3.00 2.00 3.00 2.00 3.00 3.00 2.00 2.00 3.00 2.00 4.00 2.00 3.00 3.00 3.00 

  Mode 2.00 1.00 2.00a 2.00 2.00 2.00a 3.00 3.00 1.00a 3.00 3.00 2.00 4.00 2.00 2.00a 2.00a 3.00 
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Enquiry-based 
learning 

C
om

puter -based 
teaching  

Problem
-solving  

R
oleplay/sim

ulation 

C
ooperative learning 

Project-based 
learning 

Learner - centred 
teaching 

D
iscussion m

ethod  

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent-based 

teaching 

Q
uestion-based 

teaching 

Self-directed 
learning  

G
roup learning  

C
ase-based 
activities  

Facilitated discovery  

  SD 0.87 1.04 0.89 1.10 0.79 0.83 0.77 0.75 1.00 1.01 0.75 0.82 0.81 0.47 0.68 0.83 0.67 

  Variance 0.76 1.09 0.80 1.22 0.62 0.69 0.60 0.56 1.00 1.02 0.56 0.67 0.65 0.22 0.47 0.69 0.45 

  Skewness 0.41 0.86 0.00 0.44 0.57 -0.19 0.00 -0.33 0.73 0.05 -0.33 0.18 -0.85 1.19 0.40 0.19 0.00 

  SE Skew 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 

  Kurtosis -1.62 -0.26 -1.88 -0.92 -0.97 -1.49 -1.11 -0.88 -0.13 -1.00 -0.88 0.19 -0.76 -0.76 -0.72 -1.49 -0.90 

  SE Kurt 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 

Over 15 years Median 3.00 2.00 3.00 2.00 3.00 2.00 3.00 3.00 2.00 2.00 2.50 2.50 3.00 2.00 2.00 3.00 3.00 

  Mode 3.00 2.00 3.00 2.00 2.00a 2.00 3.00 3.00 1.00a 2.00 2.00 2.00 3.00 2.00 2.00 3.00 3.00 

  SD 0.65 0.79 0.43 0.79 0.75 0.51 0.72 0.51 0.94 0.49 0.67 0.78 0.65 0.43 0.40 0.67 0.60 

  Variance 0.42 0.63 0.18 0.63 0.57 0.27 0.52 0.27 0.88 0.24 0.45 0.61 0.42 0.18 0.16 0.45 0.36 

  Skewness 0.44 0.16 0.00 -0.16 0.48 0.21 0.26 -0.21 1.18 0.81 0.74 0.72 -0.44 0.00 0.99 0.09 -0.01 

  SE Skew 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.64 

  Kurtosis -0.34 -1.26 5.50 -1.26 -0.87 2.22 -0.69 2.22 1.33 -1.65 -0.19 -0.79 -0.34 5.50 -0.46 -0.19 -0.20 

  SE Kurt 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 

Kruskal-Wallis H 1.992 1.844 2.747 0.416 0.637 1.297 1.230 1.025 1.375 0.144 3.703 0.340 0.259 3.795 3.223 1.254 2.924 

df 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

Asymp Sig 0.574 0.605 0.432 0.937 0.888 0.730 0.746 0.795 0.711 0.986 0.295 0.952 0.967 0.284 0.359 0.740 0.404 
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Table 5.10b 

A comparison of teaching methods used by teachers when compared by years of teaching experience 

Experience 
group 

Frequenc
y 

Enquiry-based learning  

C
om

puter- based 
teaching  

Problem
- solving 

R
oleplay/ 

sim
ulation  

C
ooperative learning  

Project -based learning 

Learner- centred 
teaching  

D
iscussion m

ethod  

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent -based 

teaching  

Q
uestion-ba sed 

teaching  

Self-directed learning  

G
roup learning  

C
ase-based activities  

Facilitated discovery  

0-5 years 

Never 7.4 55.6 3.7 25.9 3.7 18.5 0.00 0.00 25.9 7.4 3.7 0.00 3.7 3.7 0.00 0.00 0.00 

In some 
lessons 51.9 22.2 14.8 44.4 37.0 59.3 33.3 22.2 40.7 63.0 25.9 51.9 22.2 59.3 44.0 25.9 7.40 

In most 
lessons 29.6 14.8 51.9 25.9 33.3 18.5 48.1 48.1 22.2 25.9 48.1 37.0 25.9 37.0 48.0 44.4 63.0

0 

Always 11.1 7.4 29.6 3.7 25.9 3.7 18.5 29.6 11.1 3.7 22.2 11.1 48.1 0.0 3.7 29.6 29.0
0 

Total 100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 100 

6-10 years 

Never 11.1 55.6 0.0 33.3 0.0 0.0 0.0 0.0 33.3 11.1 0.0 0.0 0.0 0.0 0.0 0.0 0.00 

In some 
lessons 33.3 44.4 0.0 44.4 33.3 66.7 66.7 22.2 33.3 55.6 33.3 55.6 33.3 66.7 33.0 0.0 0.00 

In most 
lessons 22.2 0.0 55.6 11.1 33.3 33.3 0.0 55.6 33.3 22.2 44.4 33.3 11.1 33.3 67.0 77.8 44.0

0 

Always 33.3 0.0 44.4 11.1 33.3 0.0 33.3 22.2 0.0 11.1 22.2 11.1 55.6 0.0 0.0 22.2 55.0
0 

Total 100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 100 

11-15 years 
Never 0.0 45.5 0.0 27.3 0.0 27.3 0.0 0.0 36.4 27.3 0.0 9.1 0.0 0.0 0.0 0.0 0.00 

In some 
lessons 45.5 27.3 36.4 36.4 45.5 36.4 27.3 18.2 36.4 27.3 18.2 45.5 18.2 72.7 36.0 36.4 9.10 
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Experience 
group 

Frequenc
y 

Enquiry-based learning 

C
om

puter-based 
teaching  

Problem
- solving 

R
oleplay/ 

sim
ulation 

C
ooperative learning  

Project- based learning 

Learner-centred 
teaching  

D
iscussion m

ethod  

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent-based 

teaching  

Q
uestion-ba sed 

teaching 

Self-directed learning  

G
roup learning  

C
ase- based activities  

Facilitated discovery  

In most 
lessons 27.3 18.2 27.3 18.2 36.4 36.4 45.5 45.5 18.2 36.4 45.5 36.4 27.3 27.3 45.0 36.4 48.0

0 

Always 27.3 9.1 36.4 18.2 18.2 0.0 27.3 36.4 9.1 9.1 36.4 9.1 54.5 0.0 9.1 27.3 36.0
0 

Total 100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 100 

Over 15 years 

Never 0.0 33.3 0.0 25.0 0.0 8.3 0.0 0.0 41.7 0.0 0.0 0.0 0.0 8.3 0.0 0.0 0.00 

In some 
lessons 41.7 41.7 8.3 41.7 41.7 75.0 33.3 16.7 41.7 66.7 50.0 50.0 8.3 83.3 58.0 25.0 17.0

0 
In most 
lessons 50.0 25.0 83.3 33.3 41.7 16.7 50.0 75.0 8.3 33.3 41.7 33.3 50.0 8.3 42.0 58.3 58.0

0 

Always 8.3 0.0 8.3 0.0 16.7 0.0 16.7 8.3 8.3 0.0 8.3 16.7 41.7 0.0 0.00 16.7 25.0
0 

Total 100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 

100.
0 7.00 100.

0 100 

 



 125 

 

The researcher also analysed the data to compare teachers by their qualification, that is the 

extent to which they learnt relevant content knowledge.  Results here (Table 5.11a) showed 

that teachers who received one and three years of content knowledge in their teacher training 

used textbooks the most. This was also the case for teachers with a postgraduate qualification. 

However, those who received two years of content knowledge taught according to each 

learner’s individual needs.
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Table 5.11a 

A comparison of teaching instruments used by teachers when compared by qualification 

  Audio-
visual 

Textbooks and 
worksheets  

Computer 
simulations 

Learner 
preferences. 

Use of 
computers  

1 year content 
knowledge 
training 

Median 2.0000 3.0000 1.5000 2.0000 1.5000 

Mode 2.00 3.00a 1.00 1.00 1.00 

S.D. 1.03510 0.83452 0.74402 1.28174 0.88641 

Variance 1.071 0.696 0.554 1.643 0.786 

Skewness 0.386 -0.277 0.824 0.475 0.615 

SE Skew 0.752 0.752 0.752 0.752 0.752 

Kurtosis -0.448 -1.392 -0.152 -1.546 -1.481 

SE Kurt 1.481 1.481 1.481 1.481 1.481 

2 years content 
knowledge 
training 

Median 2.0000 2.0000 2.0000 3.0000 1.0000 

Mode 2.00 2.00 2.00 2.00 1.00 

S.D. 0.70361 0.93640 0.55929 0.82450 0.84951 

Variance 0.495 0.877 0.313 0.680 0.722 

Skewness 0.097 0.214 -0.067 0.115 1.044 

SE Skew 0.434 0.434 0.434 0.434 0.434 

Kurtosis -0.850 -1.025 0.017 -0.441 0.369 

SE Kurt. 0.845 0.845 0.845 0.845 0.845 

3 years content 
knowledge 
training 

Median 2.0000 3.0000 2.0000 2.0000 1.0000 

Mode 1.00a 3.00 1.00 2.00a 1.00 

SD 1.02711 0.87706 0.99725 0.91387 0.92878 

Variance 1.055 0.769 0.995 0.835 0.863 

Skewness 0.172 -0.798 0.382 0.043 0.857 

SE Skew 0.597 0.597 0.597 0.597 0.597 

Kurtosis -1.298 0.709 -0.946 -0.653 -1.354 

SE Kurt 1.154 1.154 1.154 1.154 1.154 

Postgraduate 
training 

Median 2.5000 4.0000 2.0000 2.0000 1.0000 

Mode 2.00 4.00 2.00 2.00 1.00 

S.D. 0.95743 0.00000 0.00000 1.00000 0.00000 

Variance 0.917 0.000 0.000 1.000 0.000 

Skewness 0.855     2.000   

SE Skew 1.014 1.014 1.014 1.014 1.014 

Kurtosis -1.289     4.000   

SE Kurt 2.619 2.619 2.619 2.619 2.619 

 

The results also showed that 38%, 36% and 28% of teachers with one, two and three years of 

content knowledge in their teacher training respectively, always used textbooks the most. All 
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teachers with postgraduate qualifications indicated that they always use textbooks and 

computers. 

 

Table 5.11b 

A comparison of teaching instruments used by teachers when compared by qualification 

Experience group Frequency Audio-
visual 

Textbooks 
and 
worksheets  

Computer 
simulations 

Learner 
preferences. 

Use of 
computers  

1-year content 
knowledge 
training  

Never 25.0   50.0 37.5 50.0 

In some lessons 37.5 25.0 37.5 25.0 25.0 

In most lessons 25.0 37.5 12.5 12.5 25.0 

Always 12.5 37.5  25.0  

Total 100.0 100.0 100.0 100.0 100.0 

2 year content 
knowledge 
training  

Never 27.6 6.9 27.6 6.9 51.7 

In some lessons 51.7 44.8 65.5 41.4 31.0 

In most lessons 20.7 24.1 6.9 37.9 13.8 

Always 35.7  24.1  13.8 3.4 

Total  100.0 100.0 100.0 100.0 

3 year content 
knowledge 
training  

Never 21.4 7.1 35.7 21.4 64.3 

In some lessons 35.7 14.3 28.6 35.7 7.1 

In most lessons 7.1 50.0 28.6 35.7 28.6 

Always 35.8 28.6 7.1 7.1  

Total 100.0 100.0 100.0 100.0 100.0 

Postgraduate 
training 

Never 25.0     

In some lessons 25.0   100.0 75.0   

In most lessons 100.0        

Always 8.3 100.0  25.0 100.0 

Total 100.0 100.0 100.0 100.0 100.0 

 

When comparing the teaching methods used (Table 5.12a), data showed that computer-based 

teaching and the lecture method are least used among teachers with one year of content 

knowledge in their teacher training. Computer-based teaching was also least used by teachers 

with two and three years of content knowledge in their teacher training, as well as among those 

with postgraduate training. Facilitated discovery was the most popular method across all 

groups. 

 

In fact, as shown in Table 5.12b, 88%, 96%, and 86% of teachers with one, two and three years 

of content knowledge in their teacher training respectively, indicated that they use facilitated 
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discovery in most of their lessons or always. Similarly, 100% of teachers with a postgraduate 

qualification indicated that they always use facilitated discovery in their teaching. 
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Table 5.12a 

A comparison of teaching methods used by teachers when compared by qualification 

Level of content knowledge at a 
training institution 

Enquiry-based 
learning  

C
om

puter- based 
teaching 

Problem
- solving  

R
oleplay/sim

ulation 

C
ooperative learning 

Project -based 
learning  

Learner- centred 
teaching 

D
iscussion m

ethod  

Lecture m
ethod 

M
astery learning 

Active learning  

Experim
ent -based 

teaching 

Q
uestion -based 

teaching 

Self- directed 
learning  

G
roup learning  

C
ase-based 
activities  

Facilitated discovery  

1 year content 
knowledge training 

Median 2.00 1.00 3.00 2.00 3.00 2.00 3.00 3.00 1.00 2.00 3.00 3.00 3.50 2.00 2.50 3.50 3.00 

Mode 2.00 1.00 2.00a 2.00 3.00 1.00a 3.00 3.00 1.00 1.00a 3.00 3.00 4.00 2.00 2.00 4.00 3.00 

SD 1.07 1.16 0.93 0.99 0.71 0.83 0.35 0.64 1.06 0.83 0.53 0.71 0.74 0.00 0.62 0.89 0.68 

Variance 1.14 1.36 0.86 0.98 0.50 0.70 0.13 0.41 1.13 0.70 0.29 0.50 0.55 0.00 0.39 0.79 0.46 

Skewness 0.47 1.36 0.00 0.86 0.40 0.28 2.83 0.07 1.96 0.28 0.00 0.40 -0.82   0.29 -0.62 0.17 

SE Skew 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

Kurtosis -0.83 0.62 -2.10 0.84 -0.23 -1.39 8.00 0.74 3.94 -1.39 3.50 -0.23 -0.15   -1.98 -1.48 -0.17 

SE Kurt 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 

2 years content 
knowledge training 

Median 3.00 1.00 3.00 2.00 3.00 2.00 3.00 3.00 2.00 2.00 3.00 2.00 4.00 2.00 2.50 3.00 3.00 

Mode 2.00 1.00 3.00 2.00 3.00 2.00 3.00 3.00 2.00 2.00 3.00 2.00 4.00 2.00 2.00 3.00 3.00 

SD 0.68 0.82 0.69 0.85 0.82 0.68 0.77 0.72 0.80 0.66 0.71 0.77 0.82 0.51 0.57 0.75 0.56 

Variance 0.46 0.67 0.48 0.71 0.67 0.46 0.60 0.53 0.64 0.44 0.50 0.59 0.67 0.26 0.32 0.57 0.31 

Skewness 0.64 1.25 -0.88 0.38 -0.01 0.48 0.18 -0.16 0.32 0.37 0.00 0.70 -1.25 0.37 0.47 0.12 0.16 

SE Skew 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 

Kurtosis -0.57 1.10 2.15 -0.57 -0.68 0.81 -1.25 -0.99 -0.27 0.43 -0.87 -0.91 1.10 -0.04 -0.14 -1.16 -0.62 

SE Kurt 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 

Median 2.00 1.50 3.00 2.00 2.00 2.00 2.00 3.00 2.00 2.00 2.00 2.00 3.00 2.00 2.00 3.00 3.00 
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Level of content knowledge at a 
training institution 

Enquiry-based 
learning 

C
om

puter -based 
teaching  

Problem
-solving  

R
oleplay/sim

ulation  

C
ooperative learning 

Project- based 
learni ng 

Learner - centred 
teaching  

D
iscussion m

ethod 

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent-based 

teaching 

Q
uestion-based 

teaching 

Self-directed 
learning  

G
roup learning  

C
ase -based 
activities  

Facilitated discovery  

3 years content 
knowledge training 

Mode 2.00 1.00 3.00 2.00 2.00 2.00 2.00 3.00 1.00 2.00 2.00 2.00 2.00a 2.00 2.00 3.00 3.00 

SD 0.85 0.97 0.68 0.68 0.91 0.66 0.76 0.66 1.20 0.73 0.85 0.85 0.96 0.61 0.49 0.68 0.60 

Variance 0.73 0.95 0.46 0.46 0.84 0.44 0.57 0.44 1.45 0.53 0.73 0.73 0.92 0.37 0.24 0.46 0.36 

Skewness 0.69 1.07 0.00 0.00 0.66 0.15 0.97 0.15 0.28 0.89 0.43 0.69 0.00 -0.19 0.49 0.00 0.16 

SE Skew 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 

Kurtosis 0.10 0.37 -0.39 -0.39 -1.56 -0.31 -0.35 -0.31 -1.49 1.53 -0.20 0.10 -2.12 -0.26 -1.96 -0.39 0.04 

SE Kurt 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 

Postgraduate training 

Median 3.50 1.50 3.50 2.50 2.50 2.00 3.50 3.00 2.00 2.50 3.00 2.50 3.50 2.50 2.50 3.00 3.75 

Mode 4.00 1.00 3.00a 1.00a 2.00 2.00 4.00 3.00 2.00 2.00 3.00 2.00a 4.00 2.00a 2.50 3.00 3.50a 

SD 0.96 0.96 0.58 1.29 0.96 0.50 0.96 0.50 0.82 0.96 0.82 0.58 0.96 0.58 0.25 0.50 0.29 

Variance 0.92 0.92 0.33 1.67 0.92 0.25 0.92 0.25 0.67 0.92 0.67 0.33 0.92 0.33 0.06 0.25 0.08 

Skewness -0.86 0.86 0.00 0.00 0.86 2.00 -0.86 2.00 0.00 0.86 0.00 0.00 -0.86 0.00 2.00 2.00 0.00 

SE Skew 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 

Kurtosis -1.29 -1.29 -6.00 -1.20 -1.29 4.00 -1.29 4.00 1.50 -1.29 1.50 -6.00 -1.29 -6.00 4.00 4.00 -6.00 

SE Kurt. 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 
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Table 5.12b 

A comparison of teaching methods used by teachers when compared by qualification 

Content 
Knowledge Frequency 

Enquiry-based 
learning  

C
om

puter- based 
teaching 

Problem
-solving  

R
oleplay/sim

ulatio
n  

C
ooperative 
learning  

Project - based 
learning  

Learner- centred 
teaching  

D
iscussion m

ethod 

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent -based 

teaching 

Q
uestion-based 

teaching 

Self-directed 
learning  

G
roup learning  

C
ase -based 
activities  

Facilitated 
discovery  

1 year 
content 
knowledge 

Never 12.5 62.5 0.0 25.0 0.0 37.5 0.00 0.00 62.5 37.5 0.0 0.00 0.0 0.0 0.00 0.00 0.00 

In some lessons 50.0 12.5 37.5 50.0 37.5 37.5 0.0 25.0 25.0 37.5 12.5 37.5 12.5 100.0 50.0 25.0 12.50 

In most lessons 12.5 12.5 25.0 12.5 50.0 25.0 87.5 62.5 0.0 25.0 75.0 50.0 37.5 0.0 50.0 25.0 62.50 

Always 25.0 12.5 37.5 12.5 12.5 0.0 12.5 12.5 12.5 0.0 12.5 12.5 50.0 0.0 0.0 50.0 25.00 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 

2 year 
content 
knowledge 

Never 0.0 55.2 3.4 31.0 3.4 10.3 0.0 0.0 24.1 6.9 0.0 0.0 3.4 3.4 0.0 0.0 0.00 

In some lessons 48.3 31.0 6.9 41.4 34.5 62.1 34.5 20.7 48.3 58.6 24.1 51.7 10.3 69.0 44.8 31.0 3.40 

In most lessons 41.4 10.3 62.1 24.1 41.4 24.1 41.4 48.3 24.1 31.0 51.7 31.0 31.0 27.6 50.7 44.8 62.10 

Always 10.3 3.4 27.6 3.4 20.7 3.4 24.1 31.0 3.4 3.4 24.1 17.2 55.2 0.0 3.4 24.1 34.40 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 

3 year 
content 
knowledge 

Never 7.1 50.0 0.0 21.4 0.0 28.6 0.0 0.0 35.7 7.1 7.1 7.1 0.0 7.1 0.0 0.0 0.00 

In some lessons 57.1 28.6 21.4 57.1 57.1 57.1 57.1 28.6 21.4 64.3 50.0 57.1 42.9 57.1 57.1 21.4 14.30 

In most lessons 21.4 14.3 57.1 21.4 14.3 14.3 28.6 57.1 21.4 21.4 28.6 21.4 14.3 35.7 42.8 57.1 64.30 

Always 14.3 7.1 21.4 0.0 28.6 0.0 14.3 14.3 21.4 7.1 14.3 14.3 42.9 0.0 0.0 21.4 21.40 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 

Postgraduat
e training  

Never 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 

In some lessons 25.0 50.0 0.0 25.0 50.0 75.0 25.0 0.0 50.0 50.0 25.0 50.0 25.0 50.0 0.0 0.0 0.00 

In most lessons 25.0 25.0 50.0 25.0 25.0 25.0 25.0 75.0 25.0 25.0 50.0 50.0 25.0 50.0 100.0 75.0 0.00 

Always 50.0 25.0 50.0 25.0 25.0 0.0 50.0 25.0 0.0 25.0 25.0 0.0 50.0 0.0 0.00 25.0 100 
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Content 
Knowledge Frequency 

Enquiry-based 
learning  

C
om

puter- based 
teaching 

Problem
- solving 

R
oleplay/sim

ulatio
n  

C
ooperative 
learning  

Project - based 
learning  

Learner- centred 
teaching 

D
iscussion m

ethod  

Lecture m
ethod 

M
astery learning  

Active learning 

Experim
ent- based 

teaching  

Q
uestion -based 

teaching  

Self- directed 
learning  

G
roup learning  

C
ase-based 
activities  

Facilitated 
discovery  

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 100.0 100 
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Data were further analysed to compare teaching methods and instruments used by teachers 

when compared to the recency of their participation in continuous professional development 

(Tables 5.13a and b). These data also showed that computers are least used among teachers 

across all groups. The same groups of teachers relied mostly on textbooks and worksheets to 

teach chemical reactions. 

 

Table 5.13a 
A comparison of teaching instruments used by teachers when compared by recency of CPD 
 

Last CPD training  Audio-
visual 

Textbooks and 
worksheets  

Computer 
simulations 

Learner 
preferences. 

Use of 
computers  

0-2 years 

Median 2.0000 3.0000 2.0000 2.5000 1.0000 

Mode 2.00 3.00 2.00 2.00a 1.00 

S.D. 0.97143 0.91287 0.78492 0.90019 0.86834 

Variance 0.944 0.833 0.616 0.810 0.754 

Skewness 0.220 -0.232 0.121 0.000 0.568 

SE Skew 0.427 0.427 0.427 0.427 0.427 

Kurtosis -0.914 -0.786 -1.332 -0.632 -1.453 

SE Kurt 0.833 0.833 0.833 0.833 0.833 

3-4 years 

Median 2.0000 3.0000 2.0000 2.5000 1.0000 

Mode 2.00 4.00 2.00 2.00 1.00 

SD 0.87287 0.95005 0.81118 0.95346 0.80043 

Variance 0.762 0.903 0.658 0.909 0.641 

Skewness 0.473 -0.463 0.764 0.114 1.064 

SE Skew 0.491 0.491 0.491 0.491 0.491 

Kurtosis -0.423 -0.980 0.640 -0.934 -0.498 

SE Kurt 0.953 0.953 0.953 0.953 0.953 

5-6 years 

Median 1.5000 2.5000 2.0000 2.5000 2.0000 

Mode 1.00a 1.00a 2.00 3.00 2.00 

SD 0.57735 1.29099 0.50000 0.95743 0.81650 

Variance 0.333 1.667 0.250 0.917 0.667 

Skewness 0.000 0.000 -2.000 -0.855 0.000 

SE Skew 1.014 1.014 1.014 1.014 1.014 

Kurtosis -6.000 -1.200 4.000 -1.289 1.500 

SE Kurt 2.619 2.619 2.619 2.619 2.619 

Over 6 years 

Median 2.0000 3.0000 2.0000 2.0000 2.0000 

Mode 2.00 2.00a 2.00 2.00 1.00a 

SD 0.54772 0.83666 0.44721 0.44721 1.22474 

Variance 0.300 0.700 0.200 0.200 1.500 

Skewness 0.609 0.512 -2.236 -2.236 1.361 

SE Skew 0.913 0.913 0.913 0.913 0.913 
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Last CPD training  Audio-
visual 

Textbooks and 
worksheets  

Computer 
simulations 

Learner 
preferences. 

Use of 
computers  

Kurtosis -3.333 -0.612 5.000 5.000 2.000 

SE Kurt 2.000 2.000 2.000 2.000 2.000 
 

As shown in Table 5.13b, 53%, 64%, 25% and 40% of teachers who have attended CPD in the 

last 0-2, 3-4, 5-6 and more than 6 years, respectively, indicated that they never use computers 

to teach chemical reactions. Similarly, audio-visual materials also received the lowest scores. 

Here, 27%, 31%, and 50% of teachers who attended CPD in the last 0-2, 3-4, and 5-6 years 

respectively, indicated that they never use audio-visuals to teach chemical reactions. 
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Table 5.13b 
A comparison of teaching instruments used by teachers when compared by recency of CPD 
 

Last CPD training Frequency Audio-
visual 

Textbooks and 
worksheets  

Computer 
simulations 

Learner 
preferences. 

Use of 
computers  

0-2 years 

Never 26.7 6.7 33.3 13.3 53.3 

In some 
lessons 33.3 30.0 40.0 36.7 20.0 

In most 
lessons 30.0 36.7 26.7 36.7 26.7 

Always 10.0 26.7 0.0 13.3 0.0 

Total 100.0 100.0 100.0 100.0 100.0 

3-4 years 

Never 31.8 4.5 31.8 9.1 63.6 

In some 
lessons 40.9 27.3 50.0 40.9 18.2 

In most 
lessons 22.7 27.3 13.6 27.3 18.2 

Always 4.5 40.9 4.5 22.7 0.0 

Total 100.0 100.0 100.0 100.0 100.0 

5-6 years 

Never 50.0 25.0 25.0 25.0 25.0 

In some 
lessons 50.0 25.0 75.0 25.0 50.0 

In most 
lessons 0.0 25.0 0.0 50.0 25.0 

Always 0.0 25.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 100.0 

Over 6 years 

Never 0.0 0.0 20.0 20.0 40.0 

In some 
lessons 60.0 40.0 80.0 80.0 40.0 

In most 
lessons 40.0 40.0 0.0 0.0 0.0 

Always 0.0 20.0 0.0 0.0 20.0 

Total 100.0 100.0 100.0 100.0 100.0 

 
 

The teaching methods used by teachers also corroborated the teaching instruments used (see 

Table 5.14a). Here, it was also observed that computer-based teaching is least used across all 

groups.  The question-based teaching and discussion methods were the most used methods 

among teachers who participated in CPD in the last 3-4 and 5-6 years, respectively.  

 

Table 5.14b also supports the observation that teachers use the facilitated discovery teaching 

method the most. Overall, the results show that the recency of CPD participation does not seem 
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to affect the teaching method used by teachers. Generally, most teachers use the facilitated 

discovery method the most and computer-based methods the least. 

 

Further analysis of the results actually showed that there was no significant correlation between 

the biographical descriptors (ie, age, gender, teaching experience and level of content 

knowledge training) and the teaching methods. As expected, there was a strong correlation 

between the use of audio-visual materials and computers, as well as audio-visual materials and 

computer simulations. Overall, however, the results were consistent in the lack of correlation 

between the biographical descriptors and the teaching methods 
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Table 5.14a 
A comparison of teaching methods used by teachers when compared by recency of CPD 

Last CPD training  

Enquiry-based learning  

C
om

puter- based teaching 

Problem
- solving 

R
oleplay/sim

ulation  

C
ooperative learning  

Project- based learning 

Learner- centred teaching 

D
iscussion m

ethod  

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent-based 

teaching 

Q
uestion -based teaching  

Self-directed learning  

G
roup learning  

C
ase- based activities  

Facilitated discovery  

0-2 years 

Median 2.50 2.00 3.00 2.00 3.00 2.00 3.00 3.00 2.00 2.00 3.00 2.00 3.00 2.00 2.50 3.00 3.00 

Mode 2.00 1.00 3.00 2.00 2.00a 2.00 3.00 3.00 2.00 2.00 3.00 2.00 3.00a 2.00 2.00 3.00 3.00 

SD 0.89 0.94 0.69 0.86 0.70 0.61 0.69 0.59 0.99 0.66 0.72 0.73 0.80 0.55 0.54 0.76 0.60 

Variance 0.79 0.89 0.48 0.74 0.49 0.38 0.48 0.34 0.98 0.44 0.52 0.53 0.64 0.31 0.29 0.58 0.36 

Skewness 0.20 0.67 0.00 0.21 0.50 -0.02 0.41 0.00 0.26 0.28 0.09 0.57 -0.19 0.00 0.16 -0.06 0.09 

SE Skew 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.45 0.45 0.45 0.45 

Kurtosis -0.81 -0.49 -0.79 -0.48 -0.78 -0.09 -0.77 0.23 -0.87 0.27 -0.19 -0.09 -1.41 -0.65 -1.38 -1.19 -0.52 

SE Kurt 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.87 0.87 0.87 0.87 

3-4 years 

Median 2.00 1.00 3.50 2.00 3.00 2.00 3.00 3.00 1.50 2.00 3.00 3.00 4.00 2.00 2.50 3.00 3.50 

Mode 2.00 1.00 4.00 2.00 2.00a 2.00 2.00a 3.00 1.00 2.00 3.00 3.00 4.00 2.00 3.00 3.00 3.00a 

SD 0.86 0.85 0.84 0.95 0.97 0.73 0.81 0.82 0.84 0.92 0.73 0.73 0.96 0.50 0.46 0.44 0.55 

Variance 0.74 0.73 0.70 0.90 0.94 0.54 0.66 0.67 0.70 0.85 0.54 0.54 0.92 0.25 0.22 0.19 0.30 

Skewness 0.59 1.46 -1.23 0.64 -0.15 0.50 0.18 0.00 1.23 0.71 -0.30 0.30 -1.32 0.86 -0.26 1.62 -0.19 

SE Skew 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.72 0.72 0.72 0.72 

Kurtosis -0.57 1.68 1.31 -0.30 -1.34 0.71 -1.44 -1.48 1.31 0.01 -0.97 -0.97 0.37 -1.71 -2.02 0.73 -1.23 

SE Kurt 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 1.40 1.40 1.40 1.40 

5-6 years Median 3.00 1.00 3.00 2.00 3.50 2.50 3.50 4.00 1.50 3.00 3.50 2.50 3.50 2.00 3.00 3.00 3.00 
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Last CPD training  

Enquiry-based learning  

C
om

puter- based teaching 

Problem
-solving  

R
oleplay/sim

ulation 

C
ooperative learning 

Project- based learning 

Learner- centred teaching  

D
iscussion m

ethod 

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent-based 

teaching 

Q
uestion -based teaching  

Self- directed learning  

G
roup learning  

C
ase - based activities  

Facilitated discovery  

Mode 3.00 1.00 3.00 2.00 3.00a 2.00a 3.00a 4.00 1.00 3.00 3.00a 2.00 3.00a 2.00 2.00a 2.00a 3.00 

SD 0.50 0.50 0.50 0.50 0.58 0.58 0.58 0.50 0.96 0.50 0.58 0.96 0.58 0.47 0.68 0.83 0.67 

Variance 0.25 0.25 0.25 0.25 0.33 0.33 0.33 0.25 0.92 0.25 0.33 0.92 0.33 0.22 0.47 0.69 0.45 

Skewness -2.00 2.00 2.00 -2.00 0.00 0.00 0.00 -2.00 0.85 -2.00 0.00 0.85 0.00 1.19 0.40 0.19 0.00 

SE Skew 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 0.66 0.66 0.66 0.66 

Kurtosis 4.00 4.00 4.00 4.00 -6.00 -6.00 -6.00 4.00 -1.29 4.00 -6.00 -1.29 -6.00 -0.76 -0.72 -1.49 -0.90 

SE Kurt 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 1.28 1.28 1.28 1.28 

Over 6 years 

Median 2.00 2,00 3,00 2,00 2,00 2,00 3,00 3,00 2,00 2,00 3,00 2,00 3,00 2,00 2,00 3,00 3,00 

Mode 2.00 1.00a 3,00 1.00a 2,00 1.00a 2.00a 3,00 2,00 2,00 3,00 2,00 3,00 2,00 2,00 3,00 3,00 

SD 0.55 0,84 0,00 0,84 0,55 0,84 0,84 0,00 0,45 0,45 0,55 0,00 0,55 0,43 0,40 0,67 0,60 

Variance 0.30 0,70 0,00 0,70 0,30 0,70 0,70 0,00 0,20 0,20 0,30 0,00 0,30 0,18 0,16 0,45 0,36 

Skewness 0.61 0,51   0,51 0,61 0,51 0,51   2,24 2,24 -0,61   0,61 0,00 0,99 0,09 -0,01 

SE Skew 0.91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,64 0,64 0,64 0,64 

Kurtosis -3.33 -0,61   -0,61 -3,33 -0,61 -0,61   5,00 5,00 -3,33   -3,33 5,50 -0,46 -0,19 -0,20 

SE Kurt 2.00 2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00 1,23 1,23 1,23 1,23 

a. Multiple modes exist. The smallest value is shown 
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Table 5.14b 

A comparison of teaching methods used by teachers when compared by recency of CPD 

Last CPD training Frequency 

Enquiry-based learning  

C
om

puter-based teaching 

Problem
- solving 

R
oleplay/sim

ulation  

C
ooperative learning 

Project- based learning 

Learner- centred teaching  

D
iscussion m

ethod 

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent-based 

teaching 

Q
u estion-based teaching  

Self - directed learning  

G
roup learning  

C
ase -based activities  

Facilitated discovery  

0-2 years 

Never 6.67 40.00 0.00 20.00 0.00 16.67 0.00 0.00 23.33 6.67 3.33 3.33 0.00 6.67 0.00 0.00 0.00 

In some 
lessons 43.33 33.33 23.33 43.33 43.33 63.33 40.00 16.67 36.67 56.67 40.00 53.33 26.67 66.67 43.30 20.00 6.70 

In most 
lessons 30.00 20.00 53.33 30.00 43.33 20.00 46.67 66.67 26.67 33.33 46.67 33.33 36.67 26.67 53.40 56.70 66.70 

Always 20.00 6.67 23.33 6.67 13.33 0.00 13.33 16.67 13.33 3.33 10.00 10.00 36.67 0.00 3.30 23.30 16.70 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

3-4 years 

Never 4.55 59.09 4.55 31.82 4.55 13.64 0.00 0.00 50.00 18.18 0.00 0.00 4.55 0.00 0.00 0.00 0.00 

In some 
lessons 54.55 27.27 9.09 40.91 36.36 59.09 36.36 31.82 36.36 54.55 18.18 36.36 18.18 63.64 45.50 22.70 4.50 

In most 
lessons 22.73 9.09 36.36 18.18 22.73 22.73 36.36 36.36 9.09 13.64 45.45 45.45 9.09 36.36 45.50 36.40 54.50 

Always 18.18 4.55 50.00 9.09 36.36 4.55 27.27 31.82 4.55 13.64 36.36 18.18 68.18 0.00 9.00 40.90 40.90 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

5-6 years 

Never 0.00 75.00 0.00 25.00 0.00 0.00 0.00 0.00 50.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

In some 
lessons 25.00 25.00 0.00 75.00 0.00 50.00 0.00 0.00 25.00 25.00 0.00 50.00 0.00 50.00 25.00 25.00 0.00 

In most 
lessons 75.00 0.00 75.00 0.00 50.00 50.00 50.00 25.00 25.00 75.00 50.00 25.00 50.00 50.00 75.00 75.00 50.00 

Always 0.00 0.00 25.00 0.00 50.00 0.00 50.00 75.00 0.00 0.00 50.00 25.00 50.00 0.00 0.00 0.00 50.00 
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Last CPD training Frequency 

Enquiry-based learning  

C
om

puter- based teaching 

Problem
-solving  

R
oleplay/sim

ulation  

C
ooperative learning 

Project- based learning 

Learner- centred teaching  

D
iscussion m

ethod 

Lecture m
ethod 

M
astery learning 

Active learning 

Experim
ent- based 

teaching 

Q
uestion -based teaching  

Self-directed learning  

G
roup learning  

C
ase -based activities  

Facilitated discovery  

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

Over 6 years 

Never 0.00 40.00 0.00 40.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

In some 
lessons 60.00 40.00 0.00 40.00 60.00 40.00 40.00 0.00 80.00 80.00 40.00 100 0.00 100 60.00 40.00 40.00 

In most 
lessons 40.00 20.00 100 20.00 40.00 20.00 40.00 100 20.00 20.00 60.00 0.00 60.00 0.00 40.00 60.00 40.00 

Always 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 40.00 0.00 0.00 0.00 20.00 

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
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  Gender Age Teaching 
experience 

Level of content 
knowledge at the 
training institution 

Audio-
visual 

Textbooks 
and 
worksheets  

Computer 
simulations 

Learner 
preferences 

Gender 

Pearson 
Correlation 1               

Sig (2-
tailed)                 

N 61               

Age 

Pearson 
Correlation -0.112               

Sig (2-
tailed) 0.392               

N 61               

Teaching 
experience 

Pearson 
Correlation -0.036 0.757**             

Sig. (2-
tailed) 0.785 0,000             

N 61 61             

Level of content 
knowledge at 
training institution 

Pearson 
Correlation 0.176 -0.020 0.002           

Sig (2-
tailed) 0.175 0.879 0.987           

N 61 61 61           

Audio-visual 

Pearson 
Correlation -0.127 0.218 0.187 -0.010         

Sig (2-
tailed) 0.331 0.092 0.150 0.938         

N 61 61 61 61         

Textbooks and 
worksheets  

Pearson 
Correlation 0.122 -0.049 -0.122 0.158 0.096       

Sig. (2-
tailed) 0.350 0.706 0.349 0.223 0.463       

N 61 61 61 61 61       
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  Gender Age Teaching 
experience 

Level of content 
knowledge at the 
training institution 

Audio-
visual 

Textbooks 
and 
worksheets  

Computer 
simulations 

Learner 
preferences 

 
Computer 
simulations 

Pearson 
Correlation -0.006 0.256* 0.096 -0.024 0.291*       

Sig (2-
tailed) 0.962 0.047 0.460 0.854 0.023       

N 61 61 61 61 61       

 
Learner 
preferences. 

Pearson 
Correlation -0.001 0.069 -0.043 -0.055 0.178 0.263*     

Sig (2-
tailed) 0.992 0.597 0.744 0.676 0.170 0.041     

N 61 61 61 61 61 61     

 
Use of computers 

Pearson 
Correlation -0.140 0.058 0.095 -0.271* 0.368** -0.146 0.239 0.289* 

Sig (2-
tailed) 0.281 0.657 0.464 0.035 0.004 0.261 0.064 0.024 

N 61 61 61 61 61 61 61 61 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 
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6 CHAPTER	6:	A	DESCRIPTION	OF	THE	QUALITATIVE	RESULTS	
 
6.1 Introduction			
 

Having statistically established and compared the teaching methods and instruments used by 

teachers to teach chemical reactions (Chapter 5), the researcher went on to determine whether 

these statistical findings could be corroborated qualitatively. This was important, as Creswell 

(2014) suggests that qualitative research methods could be used to triangulate quantitative 

methods to enhance the validity and reliability of the findings. In this instance, data were 

triangulated by collecting data from interviews with the aim of validating the statistical 

findings. As explained in Chapter 4, the interviews were also used to investigate further the 

teaching methods and instrument used by teachers to teach chemical reactions. Results of the 

interviews are presented in the following subsections.  

 

6.2 Preferred	teaching	instrument	and	methods	within	age	groups	
 

Statistical data showed that the teachers use textbooks and worksheets the most (see Tables 

5.9a and b). This was corroborated by two teachers in the interview. Here, Innocent and Dolly 

aged between 20-30 years responded as follows: 

Dolly: 

Yes. I do use textbooks. Textbooks also pamphlets, any exam paper 
anything that I can print for them. 

 

Innocent: 

I prefer worksheets not textbooks. Because some textbooks have shallow 
knowledge. Some are not explaining much content, they don’t have enough 
content to explain to the learners. So I always prefer worksheets that I 
prepare myself. I always sit down with different textbooks then I prepare 
worksheets then I give learners. 

 

However, asked about the use of computers which were found to be least used, Dolly said: 

No. The reason is the resources, we don’t have computers. 
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Similarly, asked about the use of computer simulations, the teachers responded as follows: 

Dolly: 

If you don’t have computers, how can you access the websites? No, due to 
the lack of resources. 

 

Innocent: 

Not really. Normally, we just channel them to watch the Channel 319 on 
DSTV. 

 

Statistical data also showed that textbooks or worksheets were followed closely by teachers 

aged 31 years and above (Table 5.9b). Asked about this trend, Elton and Trevor aged 31-40 

years had this to say during the interview: 

Elton:  

Yes, I do. What I normally do I make summary of the textbook and give it to 
the learners and the learners must also go through the textbook because 
some of the things I might omit them from my summary, so they can go 
through the textbook and pick up some of the important points. I make use 
of them. 

Trevor: 

I do use worksheets which appear in textbooks but I can’t remember the 
name of the textbook that has worksheets. After every chapter, there is a 
worksheet. So I make copies for those worksheets and give it to the 
learners. Well, I use textbooks for myself for preparation and I also insist 
that the learners must always bring their textbooks to school. I make it a 
point that every learner has a textbook in class. 

 

Table 5.9b also showed that teachers aged between 20-30 years use audio-visual aids to 

increase learner understanding and performance in some lessons. This was confirmed in an 

interview session when Innocent aged between 20-30 years responded as follows: 

Innocent: 

Yes, I do. Like videos especially to explain the content. For instance, 
organic chemistry where I have some videos so I used them to make the 
learners so that they can understand the content and the context of the 
lesson. 
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Similarly, statistical data showed that teachers aged between 31-40 years use audio-visual aids 

to increase learner understanding and performance in some lessons. Elton aged between 31-40 

years had this to say during the interview: 

Elton:   

Yes. I do use that one because in class we are having different learners, 
some learners they do understand teaching through listening so that’s why 
I usually prefer to use that method. We do have computers and so the other 
things we do connect the speakers. 

 

With regard to teaching methods, Table 5.9 showed that problem-solving and cooperative 

learning were the most preferred teaching methods among the 20-30 year old teachers. With 

regard to problem-solving, Dolly and Innocent both aged between 20-30 years when probed 

about these teaching methods responded as follows during the interview: 

Dolly: 

Problem-solving, yes. But it turns to disadvantage those who are slow 
learners because, if they cannot apply anything, how can they solve 
anything? They cannot solve anything. So, for them, it’s like wasting time 
for them, but those that are maybe good they can focus on the lesson but we 
do problem-solving. Yes, at some point…not for such learners even those 
who are slow learners you give them, you don’t get feedback. 

Innocent: 

We do that but now the challenge as I’ve indicated before is a problem of 
connection, of connectivity in our school. We do that but, that always 
require a network but now we’ve got a problem in our school with internet 
and is a challenge. 

 

However, with regard to the use of cooperative learning in the classroom, they responded as 

follows: 

 

Dolly: 

Yeah, we do use cooperative learning. Depends on the topic, depends on 
the topic. There are some topic where you can see that they enjoying this 
particular topic. Like for instance, when you are dealing with electricity, 
you are dealing with maybe chemistry where they can see this particular 
chemical neh, and then you can see that they are involved. 
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Innocent: 

Yeah. I always allow learners to cooperate to discuss, to share information. 
Yeah, I always do that, in a form of groups in the class. 

 

Teachers were also asked about the use of enquiry-based learning because, as shown in Table 

5.9, most teachers aged between 20-30 years of age indicated that they use it only in some 

lessons. This was also confirmed by Dolly and Innocent who responded as follows: 

Dolly: 

 Mmmmhhhh….yes … yeah, I would say I do. In some lessons. 

Innocent:  

That one we always do it especially, before we introduce a topic, especially 
in Physical Science that is important for learners to go and investigate. We 
give them a topic to go and investigate. especially when it comes to 
electricity, you know that they will come up with an investigative question, 
they come up with the control variables, those dependent and independent, 
all that, drawing of graphs, yes we do that. 

 

Similarly, statistical data (Table 5.9) showed that most teachers never use computer-based 

teaching. Dolly and Innocent had this to say:  

Dolly: 

Computer-based teaching is not used due to lack of resources. 

Innocent: 

I normally connect my laptop, use PowerPoint presentation, and all that 
simulation and all that. We don’t do that I think that one is applicable in 
CAT not in Physical Science. 

 

Data in Table 5.9 also shows that a majority of the teachers in all the age categories use 

experiment-based teaching in some lessons. This was confirmed during the interview by Dolly, 

Elton and Khulu who stated the following: 

Dolly: 

Not most of the time. Like I only do those ones that are prescribed. The 
prescribed ones because there is no time like I said before, I have 140 
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learners. I would say there is lack of resources because in the lab if I can 
take you to the lab you can see it look like a storeroom. So, some of the 
chemicals, even if you are searching there even yourself you are not even 
feeling comfortable to be there. 

 

Elton: 

I don’t use it more often due to the shortage of resources. Lab equipment 
are not available. Yes, we do have a laboratory in our school. A structure 
without resources. 

Khulu: 

To be honest, I’m not using experiments always due to the fact that our 
laboratory is not user-friendly, even though the apparatus were delivered 
to us late last year for GET and FET, but not all the apparatus, it’s just 
that, but it’s due to the fact that there is no space so it will take  some time 
to prepare the apparatus, to assemble the apparatus and thereafter to 
dismantle the experiments after you have done it and its only one hour and 
not that if it is only one hour you’ll use that one hour, sometimes you will 
be waiting for the teacher to finish his /her lesson. 

 

Statistical results also showed that very few teachers aged 41-50 years old ever use experiment-

based teaching. This was confirmed during an interview by Harry, who is between 41-50 years 

old. He responded as follows: 

With experiments I’m, if I can put it in this way, I think I’m one of the very 
few educators who entertain experiments. After every section or before I 
introduce a section, I will always make sure that there is an associated 
experiment, especially lucky enough in Physical Science it’s a field where 
every topic can actually be approached with an experiment, I normally 
entertain lot of experiments in all my teaching. 

 

Building learners’ argumentation skills in preparation for debates, structured academic 

controversies, discussions and argument-based written and multimedia products requires an 

understanding of developing an argument and writing lesson plans with case-based activities 

for learners. Notably, most teachers who are over 50 years old reported that they use case-based 

activities in most of their lessons in their classes while fewer teachers aged between 20-30 

years use it in some lessons (Table 5.9). This observation was, however, contradicted by two 
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teachers, Trevor and Khulu, who are over 50 years old, who said they never used case-based 

activities in their teaching. In the interview, they responded as follows: 

 

Trevor: 

No. to be honest with you that one I don’t use. it’s not like I go to class and 
say that today I’m going to use this method, I’m going to or to have an 
argument. 

Khulu: 

Not necessarily. No. to be honest, I’ve not done that one. 

 

Similarly, Dolly and Innocent aged between 20-30 years denied having used case-based 

activities in their teaching. They expressed themselves as follows during the interview session: 

Dolly: 

No. I don’t use it. 

Innocent:  

I’m not sure about that method, you know in Physical Science argument is 
always there in a class of Physics, you know that. Even if you will introduce 
a chapter, a learner will ask, ‘Sir why this chapter?’ is momentum, 
impulse, what is impulse? Why this is impulse? You see argument is always 
there in a class. 

 

The teachers, however, confirmed in the interview the statistical finding related to the use of 

the lecturing method to teach chemical reactions. Here, Dolly and Innocent aged between 20-

30 years responded as follows: 

Innocent: 

No. I don’t use it. 

 

Dolly: 

Yes. The lecture method (laughing) I would say most of the time. In terms of 
the resources it does assist, because, when you are doing lecture method 
even if you don’t have many resources, you can still apply the method. 
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6.3 Teaching	instrument	and	methods	when	compared	by	teaching	
experience	

 

Results from the questionnaire analysis were also explored to determine the teaching methods 

and instruments used by teachers when compared to their teaching experience (Tables 5.10a 

and b and 5.11a and b).  Here statistical data showed that textbooks, worksheets and learner-

centredness according to individual needs were the most preferred teaching instruments among 

those with 0-5 years of teaching experience. When asked during the interview session, Dolly 

and Elton who both have 0-5 years teaching experience responded as follows with regard to 

the use of textbooks or worksheets for teaching: 

Dolly: 

Yes. I do use textbooks. Textbooks also pamphlets, any exam paper 
anything that I can print for them. 

Elton: 

Yes, I do. What I normally do I make summary of the textbook and give it to 
the learners and the learners must also go through the textbook because 
some of the things I might omit them from my summary. 

 

With regard to the use of learner-centredness according to individual needs, they responded as 

follows: 

Dolly: 

The learner-centred approach, I used it, but I don’t prefer it because some 
of the time these learners they turn to divert from whatever that is being 
taught, like if ever you give them the opportunity that ok maybe they must 
stay in groups so that they can learn easily, but now you see others are 
busy talking now you have to change from teaching to disciplining the 
learners. 

 

Elton: 

Yes, I use that one a lot. Yes, it is assisting. Like I said earlier if I’m going 
to start a new topic I give them that topic to go and do a research on that 
one maybe two days prior. Then, before I start to introduce that question, I 
give them a chance to come and share with us kuthi what did they 
understand about the topic. And also in class, if I teach them, I always give 
them problems to come forward to do the problem for the class. So I always 
engage them in my lesson. 
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On the other hand, those with six years and above teaching experience mostly preferred the 

textbooks or worksheets (Table 5.10). This was confirmed by Harry and Indica, aged between 

41-50 years old, who responded as follows: 

Harry:  

Yes, we are using textbooks only, let me put it in this way, the teacher is the 
one which normally uses textbooks from different sources, but with 
learners, they only have one type of textbook which is tailored in short that 
they can get information directly from it, not necessarily to imply that it 
could be the same textbook used by the teacher. 

Indica: 

I use textbooks mainly and past exam papers. I normally refer to them, but I 
prepare notes when I’m going to teach that I give to the learners then I 
refer to their textbook so that they can make use of them at home not at 
school.  

 

However, when the teachers with 0-5 years teaching experience were asked if they model the 

appropriate use of computers throughout the curriculum, most said they never do (Tables 5.10a 

and b). During the interview session, Dolly, who has 0-5 years teaching experience, expressed 

herself as follows: 

Dolly:  

No. The reason is the resources; we don’t have computers. 

 

Similarly, most teachers said they never used computer simulations to teach learners. This was 

confirmed by Dolly and Elton in the interview: 

 

 

Dolly: 

If you don’t have computers, how can you access the websites? No, due to 
the lack of resources. 

Elton: 

No, I just refer them, I don’t sit with them. After my lessons, I do give them 
some website so that they go through on their own. 
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Table 5.10b shows that, among those with 0-5 years and 6-10 years of teaching experience, 

most never used audio-visual aids to increase learner understanding and performance. Dolly 

(0-5 years of teaching experience) and Indica (6-10 years of teaching experience) confirmed 

this by responding as follows:  

Dolly: 

No. It causes destruction like if you have an overcrowded class, it can 
cause destruction because these learners tend to focus more on that media 
resource forgetting about the topic that you are teaching, and sometimes 
the resources are not available. 

Indica: 

No, I don’t use them, the problem is the issue of electricity connection in 
the classrooms. The electric points have been vandalised. So it is very 
difficult, you have to take learners somewhere. 

 

However, statistical data showed that a number of teachers with 0-5 years and over 15 years of 

teaching experience use audio-visual aids to increase learner understanding and performance 

in some lessons. This was confirmed by Elton who is among those with 0-5 years teaching 

experience, and Khulu who has over 15 years of teaching experience, during the interview 

sessions. They expressed themselves as follows: 

Elton: 

Yes. I do use that one because, in class, we are having different learners; 
some learners they do understand teaching through listening so that’s why 
I usually prefer to use that method. I’m not using it in all the lesson. I just 
choose certain topics. 

 

Khulu: 

I’m always using; in most of my lesson, I’m using audio. Or I can also say 
I’m supplementing my lesson using this audio or visual lessons. 

 

 

With regards to teaching methods, statistical data (Tables 5.11a and b) showed that the majority 

of teachers with 0-5 years teaching experience use enquiry-based teaching in some lessons, 

while most teachers with over 15 years teaching experience use enquiry-based teaching in 
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almost all lessons. This was probed in the interview and teachers Dolly and Elton who are 

among 0-5 years teaching experience responded as: 

Dolly: 

 Mmmmhhhh….yes … yeah, I would say I do. In some lessons. 

Elton: 

Yes, yes, I do use that method before I introduce the topic I give them some 
sought of an investigation based on that topic to check what do they have, 
based on that question. 

 

However, Khulu and Trevor who both have over 15 years of teaching experience, responded 

as follows:  

Khulu: 

At times because isn’t that this learners are having cell phones they can go 
to Google and search for information. Yeah, to be honest, it’s due to the 
time factor. 

Trevor:  

I do give them an investigation. I pose a question, and I leave the learners 
with this question, and I let them find the answer to the question which I’ve 
posed I give them enough time to go and search the information. So it must 
be guided. They will come out with wrong conclusion. They may come with 
unexpected answers. I don’t let it an open-ended investigation. 

 

However, when asked if they use computer-based teaching, a majority of the teachers with 0-

5 years of teaching experience said they never used these methods (Table 5.11b). This was 

confirmed by Dolly with 0-5 years of teaching experience during the interview sessions. She 

responded as follows: 

Dolly:  

Computer-based teaching is not used. Due to lack of resources, yes. 

 

Similarly, a majority of the teachers with 6-10 years of teaching experience indicated that never 

used a computer-based teaching method to teach learners. Indica with 6-10 years teaching 

experience confirmed this during the interview sessions. He expressed himself as follows: 

Indica:  
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I’ve never done that, I’ve never done that, but I’m making plans to make 
use of it for revision purposes. Because of time, these movement of learners 
to the library takes a lot of time as I’m only allocated one hour in a day to 
complete whatever I have to complete.  

 

Table 5.11b also indicates that in each category of teaching experience, the majority of the 

teachers use project-based teaching in some lessons. For instance, most teachers with 6-10 

years and over 15 years of teaching experience use project-based teaching in some lessons. 

This was also confirmed in the interview session when Indica, with 6-10 years teaching 

experience responded as follows: 

Indica: 

I’ve used that in Grade 10, not in Grade 12 and Grade 11, only in Grade 
10 to look at water quality. 

 

Similarly, Trevor and Khulu, with over 15 years of teaching experience, responded as follows 

during the interview sessions: 

Trevor: 

A topic that talks about the development of an atom, I think it is best taught 
when you give learners a task to go and find out how it all started. Give it 
to them as a project maybe the presentation it might presented by different 
learners while one learner can present the first part the other one present 
the other part, they can do it in groups. The topics are limited; I don’t 
teach all the topics that way. 

 

Khulu: 

Not always. You will find that a project sometimes we write sometimes once 
if I remember well in Grade 10. They were once given a project to do. That 
one, to be honest, I don’t do it frequently. 

 

Most teachers with 0-5 years of teaching experience reported in the quantitative data that they 

use experiment-based teaching in some lessons (Table 5.11b). Dolly, with 0-5 years teaching 

experience, confirmed this during the interview session as follows: 

Dolly: 
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Not most of the time. Like I only do those ones that are prescribed. The 
prescribed ones because there is no time like I said before, I have 140 
learners. I would say there is lack of resources because in the lab if I can 
take you to the lab, you can see it look like a storeroom. 

 

As shown in Table 5.11b, the majority of the teachers in each category of teaching experience 

use case-based activities in their teaching in most lessons. For instance, most of the teachers 

who have 6-10 years of teaching experience, use case-based activities in their teaching in most 

lessons. However, when asked during the interview sessions, Harry and Indica with 6-10 years 

of teaching experience contradicted this observation. They responded as follows in the 

interview: 

Harry:  

I never even given them any case-based activities.  I like the part case-
based activities because to me it is a thought-provoking activity. 

Indica: 

We use that but not very often. Because what I’ve noted is that the learners, 
you find that if ever there is something like a debate, it takes up a lot of 
time. The learners will argue it and waste a lot of time. It has to be 
something that is guided. I don’t often use it but I use it. 

 

6.4 Teaching	instruments	and	methods	when	compared	by	
qualification	

 

The use of teaching instruments and methods was also explored among the teachers by 

comparing them based on their qualifications (Tables 5.12a and b and 5.13a and b). Statistical 

data showed that teachers with one to three years of content knowledge training, as well as 

postgraduate training, use textbooks or worksheets the most. This was confirmed in the 

interview by Dolly who had three years of content knowledge training and Trevor who had one 

year of it. They expressed themselves as follows: 

Dolly: 

Yes. I do use textbooks. Textbooks also pamphlets, any exam paper 
anything that I can print for them. 

Trevor: 
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Well, I use textbooks for myself for preparation and I also insist that the 
learners must always bring their textbooks to school. I make it a point that 
every learner has a textbook in class. 

 

Statistical data also indicates that those teachers who do not have content knowledge training 

prefer the use of computer simulations to teach learners about chemical reactions. They also 

teach each learner differently according to individual needs, as well as modelling the 

appropriate use of computers. However, when asked if they use audio-visual aids to increase 

learner understanding and performance, fewer teachers with two years of content knowledge 

training said they never use it (Table 5.12b). For example, Indica, with two years of content 

knowledge training, responded as follows: 

Indica: 

No, I don’t use them, the problem is the issue of electricity connection in 
the classrooms. The electric points have been vandalised. 

 

However, most teachers with two years of content knowledge training said they use computer 

simulations to teach learners in some lessons (Table 5.12b).  This was also confirmed by Indica 

during the interview session. He expressed himself as follows: 

Indica: 

Yes, we make use of that like using pre-recorded lessons from YouTube we 
make use of that. And also they get a number for dial-a-tutor so that, if 
there is something they’ve not understood in class, they can call the tutor 
for extended learning. They use cell phones. Sometimes we make use of my 
tablet. I lend them in groups so that they can learn. Because most of the 
time the learners won’t have data 

 

Table 5.12 shows statistically that all teachers with postgraduate training never use computers 

in class. This was confirmed by Harry, a teacher with postgraduate content knowledge training 

who responded as follows: 

Harry: 

We don’t have enough room and enough resources for the use of 
computers, especially throughout the curriculum, especially during the 
teaching and learning because we don’t have enough resources if I can put 
it this way. 
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With regards to teaching methods, the majority of teachers with three years of content 

knowledge training reported that they use enquiry-based learning in some lessons (Table 

5.13b). Elton and Dolly were teachers with three years of content knowledge training. They 

confirmed the statistical findings in the interviews by stating the following: 

 

Elton: 

Yes, yes I do use that method before I introduce the topic I give them some 
sort of an investigation based on that topic to check what do they have, 
based on that question. 

Dolly: 

Mmmmhhhh….yes … yeah, I would say I do. In some lessons. 

 

Also, a sizeable number of teachers with two years of content knowledge training reported that 

they use enquiry-based learning in some lessons (Tables 5.13a and b). This was confirmed in 

the interview when Indica, with two years of content knowledge training, stated the following: 

 

Indica: 

Yes, I use it not to a larger extent because of the concept of time. That is a 
major problem; I use it but not often. I use guided enquiry due to time. 

 

Table 5.13b, shows that the majority of the teachers in each category of the level of content 

knowledge never use computer-based teaching in their classrooms.  This observation was 

confirmed by Trevor, with one year of content knowledge training, and Indica, with two years 

of it. They responded as follows during the interview sessions: 

Trevor: 

Well, like I said, access to computers in our school is very limited. It was 
available at some point we did have access but now the class that I’m 
teaching I’ve never used computers with them because we don’t have 
access. 

Indica: 
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I’ve never done that. I’ve never done that, but I’m making plans to make 
use of it for revision purposes. Because of time, these movement of learners 
to the library takes a lot of time as I’m only allocated one hour in a day. 

 

However, some teachers with three years of content knowledge training reported that they use 

computer-based teaching in some lessons (Table 5.13b). This was confirmed by Elton who has 

three years of content knowledge training. He expressed himself as follows: 

Elton: 

I do, but not always. In some other questions or topics, we find that we 
don’t have those simulation videos, so you will not be able to use 
computers in terms of assisting the learners. 

 

Statistical data also showed that most teachers with two and three years of content knowledge 

use project-based learning in some lessons. Indica, with two years of content knowledge 

training and Elton, with three years, confirmed this during the interview sessions. They 

responded as follows: 

 

Indica: 

I’ve used that in Grade 10, not in Grade 12 and Grade 11, only in Grade 
10 to look at water quality. 

Elton: 

Yes, I do it that one, especially for Grade 12. In Grade 12 there’s this topic 
yema (about) fertilisers, so in Grade 11 they do that one in Agricultural 
Sciences, so normally towards the end of the year I used to give them a 
project on that one. Not very often, like I said, I only give them in Grade 11. 
Which means once per year. 

 

Statistical data also showed that a number of teachers with two years of content knowledge and 

postgraduate training use the lecture method only in some lessons (Table 5.13b). However, 

Indica, with two years of content knowledge training, and Harry, with postgraduate content 

knowledge training, contradicted this saying that it was a teaching method they use in most 

lessons: 

Indica: 
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That’s the one I use most of the times. You can cover a lot of work if you 
use the lecture method, is fast. 

Harry: 

That is the traditional method that we are always using. I use that one if I 
can say 90% of the time. Every time I get into the class, I’ll be the one 
driving the ship. 

 

Notably, some teachers with three years of content knowledge training reported that they never 

use the lecture method for teaching in the classroom. This was confirmed by Elton who had 

three years of content knowledge training. He expressed himself as follows: 

 

Elton:  

No, I don’t use that one Meneer (Sir). The lecture method, I don’t use that 
one because I think it benefit the teacher, not the learner. So in order for 
me to see or to check their understanding, I must also give them a chance. 

 

It appears from Tables 5.13a and b, that most teachers with three years of content knowledge 

training use experiment-based teaching in some lessons. This was confirmed by Elton who has 

three years of content knowledge training. He responded as follows: 

 

Elton: 

I don’t use it more often due to the shortage of resources. Lab equipment 
are not available. Yes, we do have a laboratory in our school. A structure 
without resources. 

 

However, half of the teachers with postgraduate training reported that they use experiment-

based teaching in most lessons. This was also confirmed by Harry and Innocent, both with 

postgraduate content knowledge training. They responded as follows: 

Harry: 

With experiments I’m, if I can put it in this way, I think I’m one of the very 
few educators who entertain experiments. After every section or before I 
introduce a section, I will always make sure that there is an associated 
experiment, especially lucky enough in Physical Science it’s a field where 
every topic can actually be approached with an experiment, I normally 
entertain lot of experiments in all my teaching. 
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Innocent: 

Yes, we do have lessons of experiments. In almost all the chapters because 
our school is well resourced. Everything is there. 

 

Also, half of the teachers with one year of content knowledge training reported that they always 

use case-based activities in class (Table 5.13b). However, Trevor, with one year of content 

knowledge training, contradicted this by responding as follows: 

Trevor: 

No. to be honest with you that one I don’t use. That one is not planned; it 
arises from my teaching. 

 

The majority of teachers with two years and three years of content knowledge training also 

reported that they use case-based activities in most lessons in class (Table 5.13b). During the 

interview sessions, Indica, with two years of content knowledge training and Elton with three 

years, corroborated this by stating the following: 

Indica: 

We use that, but not very often. Because what I’ve noted is that the 
learners, you find that if ever there is something like a debate, it takes up a 
lot of time. 

Elton:  

No, it doesn’t happen. Yes, I was not aware. 

 

6.5 Teaching	instruments	and	methods	used	by	teachers	when	
compared	by	recency	of	their	CPD	training	

 

The statistical data also shows the teaching instruments and methods used by teachers when 

compared by recency of their CPD training (Tables 5.14a and b and 4.15a and b). These data 

show that all the teachers who participated in continuing professional development (CPD) 

events over the past years mostly use textbooks and worksheets in their lessons. This was 

confirmed by Indica and Khulu during the interview sessions. They responded as follows: 

 

 

Indica: 
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I use textbooks mainly and past exam papers. I normally refer to them, but I 
prepare notes when I’m going to teach that I give to the learners then I 
refer to their textbook so that they can make use of them at home not at 
school. 

Khulu: 

I use different textbooks like for instance, I’ll just make some notes from 
different text. 

 

When asked if they use audio-visual aids to increase learner understanding and performance in 

their lessons, some teachers who participated in CPD training in the last two years said they 

never use it (Table 5.14b). Indica and Dolly, who participated in CPD training in the last 0-2 

years, confirmed this during the interview sessions:  

Indica: 

No, I don’t use them; the problem is the issue of electricity connection in 
the classrooms. The electric points have been vandalised. 

 

Dolly: 

No. It causes destruction like if you have an overcrowded class, it can 
cause destruction because these learners tend to focus more on that media 
resource forgetting about the topic that you are teaching, and sometimes 
the resources are not available. 

 

Similarly, some teachers who participated in CPD training in the last two years reported that 

they never use computer simulations to teach learners in their classrooms (Table 5.14b). Harry 

and Trevor, who fall into this category, confirmed this: 

Harry: 

I’ve never attempted that one. We have the virtual experiments in science, 
I’ve only read about them, but I’ve never implemented them in my teaching 
and learning. 

Trevor: 

You know what, no I have not, although I know it exist, I have not used this 
with my learners. I don’t use it with my learners. 
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It was also observed that most teachers who participated in CPD training in the last two years 

said they never use computers in their lessons (Table 5.14b). Trevor and Indica, who attended 

CPD training in the last two years, confirmed this by responding as follows: 

Trevor: 

Well, once again we have a problem with computers. The centre is no 
longer functional. The computers fell into disuse. 

Indica: 

Eh no, the problem is that the computers are not there at school. 

 

With regard to the teaching methods, some of the teachers who participated in CPD training in 

the last two years reported that they use enquiry-based learning in some of the lessons in the 

classroom (Table 5.15b). Elton and Harry, who participated in CPD training in the last two 

years, confirmed this: 

 

Elton: 

Yes, yes, I do use that method before I introduce the topic I give them some 
sort of an investigation based on that topic to check what do they have, 
based on that question. Not in all the topics. 

Harry: 

Yes, I use it, but with enquiry-based learning, it also depend on the 
situations under which I’m supposed to use it and also the individual needs 
of the learners. But it’s not always that I use enquiry-based learning. 

 

It appears from Table 5.15b that some of the teachers who participated in CPD training in the 

last two years never use computer-based teaching in their classrooms. Indica and Trevor, who 

participated in CPD training in the last two years, confirmed this:  

Indica: 

I have never done that. I’ve never done that, but I’m making plans to make 
use of it for revision purposes. 
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Trevor: 

Well, like I said, access to computers in our school is very limited. The 
class that I’m teaching I’ve never used computers with them because we 
don’t have access. 

 

Table 5.15b also shows that teachers who participated in CPD training in the last two years use 

cooperative learning in some of the lessons in the classroom. Trevor and Dolly, who last 

attended the CPD events about two years ago, confirmed this: 

Trevor: 

When time permits, we encourage our learners to form groups in class and 
to have them discuss a topic amongst themselves. In that situation, my role 
will be to summarise at the end after I have given them the opportunity to 
talk. 

Dolly: 

Yeah, we do use cooperative learning. Yes it do assist a lot. Depends on the 
topic, depends on the topic. There are some topic where you can see that 
they enjoying this particular topic like for instance when you are dealing 
with electricity. 

 

Table 5.15b also shows that the majority of teachers who participated in CPD training in the 

last two years use project-based learning in some of the lessons in the classroom. Trevor and 

Khulu, who participated in CPD training in the last two years, confirmed this: 

Trevor: 

A topic that talks about the development of an atom, I think it is best taught 
when you give learners a task to go and find out how it all started. Give it 
to them as a project maybe the presentation it might presented by different 
learners while one learner can present the first part the other one present 
the other part, they can do it in groups. The topics are limited; I don’t 
teach all the topics that way. 

Khulu: 

Not always. You will find that a project sometimes we write sometimes once 
if I remember well in Grade 10. They were once given a project to do. That 
one, to be honest, I don’t do it frequently. 
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It was also found that teachers who participated in CPD training in the last two years use 

experiment-based teaching in some lessons. Khulu and Elton, who last attended the CPD events 

about two years ago, confirmed this: 

Khulu: 

To be honest, I’m not using experiments always due to the fact that our 
laboratory is not user-friendly, even though the apparatus were delivered 
to us late last year for GET and FET, but not all the apparatus. 

Elton: 

I don’t use it more often due to the shortage of resources. Lab equipment 
are not available. We do have a laboratory in our school. A structure 
without resources. 

 

Data also showed that most of the teachers who participated in CPD training in the last two 

years use case-based activities in their classrooms in most lessons. However, when asked if 

they use it, Trevor and Harry contradicted the statistical findings by stating the following:  

Trevor: 

No. to be honest with you that one I don’t use. 

 

Harry: 

I don’t. I never even given them any case-based activities. I don’t even 
know the reason why I’m not using it. But it’s a good method. 

 

6.6 Conclusion	
 

The major conclusion that can be drawn from the interview data is that teachers use various 

methods and instruments to teach chemical reactions in Physical Science. The qualitative data 

largely corroborates the quantitative data. This suggests validity, consistency and credibility in 

the findings. These findings are discussed in detail in the following chapter when they are 

compared and contrasted against existing literature. 
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7 CHAPTER	7:	DISCUSSION	OF	THE	RESULTS	
 
7.1 Introduction		
 
In the first chapter of this dissertation, the researcher presented a problem statement and 

research questions that emanated from it. Thereafter a rationale and research aims were 

presented. In Chapters 2 and 3, existing literature was explored to determine the extent to which 

previous research has addressed some of the issues raised in the problem statement. The 

literature review also provided a holistic view of the current issues related to teaching 

Chemistry in the 21st century. This was necessary as it helped the researcher locate his work 

within the larger scope of existing literature. In Chapter 4, the methods used to answer the 

research questions were presented. The results of the research were presented Chapters 5 and 

6.  

 

In the current chapter, the researcher will discuss the results from Chapters 5 and 6 using 

literature from Chapters 2 and 3 to provide succinct responses to the questions raised in Chapter 

1.  The researcher will also make recommendations for instructional designers and teachers 

regarding the teaching of chemistry in the 21st century.  

 

7.2 The	main	findings:	a	response	to	research	questions	
 
The purpose of this research was to determine the extent to which Physical Science teachers 

adopt 21st-century computer-based instructional strategies in teaching chemical reactions in 

Grade 11 to assist learners in successfully developing the 21st-century skills they will need to 

be successful in work and life. The results pertaining to the study’s research question are 

discussed here. The research question is: 

To what extent do physical sciences teachers adopt 21st-century computer-based instructional 

strategies in teaching chemical reactions in Grade 11? 

The current study was also guided by the following sub-questions: 

• What teaching strategies do Grade 11 Chemistry teachers adopt when teaching 

chemical reactions in rural areas? 

• How do the adopted teaching strategies support the learners’ acquisition of the 21st-

century skills in chemistry? 
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• How could computer-based teaching be effectively integrated in the teaching of 

chemical reactions in Grade 11 chemistry?  

• To what extent do teachers have the topic-specific PCK needed in order to effectively 
teach Grade 11 chemical reactions in rural areas? 

 

A detailed response to each of these research-subquestions is provided below 

  

a) What teaching strategies do Grade 11 chemistry teachers adopt when teaching 

chemical reactions in rural schools? 

 

In response to the first research sub-question, the research found that teachers who participated 

in the research generally use textbooks and worksheets to teach chemical reactions. Computers 

and computer-based strategies were the methods least used by the teachers as were computer-

based teaching methods. However, other 21st-century teaching methods such as facilitated 

discovery, cooperative learning and problem-based learning were used. In response to sub-

question 2, the qualitative data showed that resource availability, teachers’ skills and learners’ 

preferred learning styles were among the major reasons why teachers adopt certain teaching 

methods and strategies.  

 

Based on the results of the current research, therefore, a typical Chemistry teacher in South 

Africa is expected to rely mostly on textbooks and worksheets and would teach to 

accommodate learner’s preferred learning styles (Figure 7.1). Additionally, these teachers are 

likely to use facilitated discovery as their teaching method (Figure 7.2). The significance of 

this finding is that it demonstrates that teachers are unlikely to use computer-based teaching 

methods and strategies. It is therefore essential that teacher-training programmes, such as CPD, 

should consider these findings in their attempt to enhance the adoption of computer-based 

methods for teaching in chemistry. 
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The current research also found that both teachers who participated in CPD training in the last 

two years and those with two years of content knowledge training reported that they use 

enquiry-based learning in some of the lessons in the classrooms. Ergul et al. (2011), in their 

Audio-visual Textbooks and worksheets Computer simulations Learner preferences Computer

Figure 7.1 Graph on preferred learning styles 

Figure 7.2 Graph on preferred teaching methods 
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study, revealed that the use of enquiry-based teaching methods enhances learners’ science skills 

and attitudes significantly. Also, Yakar and Baykara (2014) state that enquiry-based laboratory 

practices improved the scientific skills and all creative thinking levels and attitudes to science 

experiments of pre-service science teachers. Additionally, Ibrahim et al. (2018) suggested that 

the teaching of Chemistry should be conducted in such a way that learners learn and retain the 

concepts presented to them effectively. In light of these findings, the researcher argues that 

South African teachers who participated in the research are not far behind their international 

counterparts. 

 

The current research further showed that teachers who participated in CPD training in the last 

two years use cooperative learning in some of the lessons in the classroom. In a similar study, 

Oludipe and Awokoy (2010) concluded that since cooperative learning methods of teaching 

reduced learners’ anxiety about Chemistry; teachers should be encouraged to incorporate 

cooperative learning in their teaching methods. Bilgin and Geban (2006) showed that the 

cooperative learning approach, based on conceptual change conditions caused a statistically 

significant better acquisition of scientific concepts than traditional instruction. Acar and Tarhan 

(2007) also stated that instruction for cooperative groups is more successful in the remediation 

of predetermined misconceptions. The adoption of cooperative learning methods by the 

teachers in the current research, therefore, suggests that learners may develop the necessary 

skills and construct content knowledge, under ‘relaxed’ conditions with reduced anxiety.  

The current research findings also show that a majority of teachers who participated in CPD 

training in the last two years, as well as most teachers with two and three years of content 

knowledge, use project-based learning in some lessons in the classrooms. Previous research 

suggests that the use of project-based learning can influence learner engagement positively 

(Ravitz, 2010). The use of project-based learning also has the potential to increase cognitive 

engagement (Johnson & Delawsky, 2013). Thus, researchers have previously suggested that 

teachers should consider implementing project-based learning as a way to improve learners’ 

cognitive engagement and thus, improve their academic performance in most lessons in the 

classrooms (Johnson & Delawsky, 2013). The current researcher argues therefore, based on his 

findings that the adoption of project-based learning teaching methods, means learners may 

benefit as they have the opportunity for higher cognitive engagement, which may lead to 

improved academic performance.  
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The current research also found that a majority of teachers with two years and three years of 

content knowledge training in their qualification reported that they use case-based activities in 

most lessons in class. This result is significant in light of a previous study conducted by Celik 

and Kilic (2014) which revealed that case-based activities have a positive impact and enhance 

argumentation of high school learners’ conceptual understanding of chemistry concepts. Also, 

the results of the study by Cetin (2014) indicated that a case-based intervention caused the 

significantly better acquisition of scientific reaction rate-related concepts and positively 

impacted the structure and complexity of pre-service teachers’ argumentation. Moreover, a 

study conducted by Gultepe and Kilic (2015) concluded that the scientific case-based teaching 

approach is more effective in acquiring science skills (namely designing experiments, forming 

data tables, drawing graphs, graph interpretation, determining the variables and hypothesising, 

changing and controlling variables), than the traditional teaching approach. Therefore, in light 

of previous findings, the current researcher argues that learners in South African schools may 

benefit significantly from the use of case-based activities for teaching and learning in 

Chemistry. 

 

The current research also found that teachers who participated in CPD training in the last two 

years and most teachers with three years of content knowledge training use experiment-based 

teaching in some lessons and half the teachers with postgraduate training reported that they use 

experiment-based teaching in most lessons. Ibrahim et al. (2014) report that an experiment-

based teaching strategy is typically practised by student teachers. These researchers suggested 

that teachers should change or improve their teaching method for teaching chemistry by 

implementing the enquiry strategy and constructivism approach. They also believe strongly 

that experimentation can maximise the learning of the abstract concepts and theories of science, 

particularly Chemistry. Additionally, Tarhan and Sesen (2010) state that the use of laboratory 

works developed based on constructivism has a great role for increasing learners’ learning 

achievements and for developing learners’ positive attitudes towards chemistry laboratory. 

 

The current researcher, therefore, argues that the adoption of 21st-century teaching strategies, 

such as enquiry-based, cooperative and case-based learning, is an active and a dynamic process 

which is affected by a number of internal and external influences. Hence, the current researcher 

found some of the factors that might affect teaching instruments and methods used by teachers 
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to teach chemical reactions. These factors are similar to those reported in previous studies, 

which indicate that there are factors that affect the use of computers as well as influencing 

computer integration in classroom practice. For example, Eteokleous (2007) identified three 

categories, personal, professional and organisational, as factors that influence teachers in 

integrating computers in their classroom practice. Given this, the current researcher 

recommends that strategies be implemented to ensure that teachers have the necessary 

resources for the adoption of 21st-century teaching strategies. The researcher also recommends 

that CPD programmes should ensure that teachers have the necessary training to encourage the 

use of these teaching strategies. This is critical, given that the current research found that 

teachers who received one and three years of content knowledge in their teacher training used 

textbooks the most. Consequently, CPD could be used as a vehicle for training teachers to use 

21st-century teaching methods. Another important finding was that only a small fraction of 

teachers reported that they do not use textbooks (see Table 10). This finding suggests that the 

majority of teachers still rely on textbooks for teaching Chemistry. This may have negative 

consequences for learners as textbooks sometimes fail to show the 3D structures of molecules 

and chemicals. 

 

Personal factors such as educational level, age, gender, educational experience, experience with 

computers for educational purpose and attitude towards computers can influence the adoption 

of 21st-century teaching methods (Schiller, 2003). Jones (2001) states that teachers are 

requested to adopt and integrate computers into teaching and learning activities, but their 

willingness to integrate computers into teaching determines the effectiveness of the technology 

and not just its presence in the classroom. Perhaps this is why a majority of the teachers in the 

current research reported that they never use computer-based teaching methods such as audio-

visual and computer simulations. The current researcher suggests that teacher preparedness 

could be enhanced by CPD training. However, teacher training institutions should also 

determine the extent to which their programmes help prepare teachers for 21st-century teaching. 

For example, the present research found that 59% of teachers with less than five years teaching 

experience never use computers. While this may be due to lack of resources, it could also reflect 

a lack of preparedness. As a result, the current researcher recommends further research to 

determine the reasons for this trend. 
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The poor use of 21st-century technology in teaching chemistry can be explained by a number 

of factors. For example, previous research has shown that attitudes of teachers to technology 

greatly influence their adoption and integration of computers into their teaching. According to 

Russell and Bradley (1997), anxiety, lack of confidence, competence and fear often implies 

that computers take a back seat to conventional learning mechanisms. Zacharia (2003) also 

revealed that teachers’ attitudes to using simulations in science teaching were related to their 

beliefs about the positive learning outcomes of using computer simulations. Buabeng-Andoh 

(2012) suggested that, if teachers’ attitudes are positive to the use of computers, they can easily 

provide useful insight into the adoption and integration of computer technologies into teaching 

and learning processes. Jang (2010) revealed that a school principal whose attitude and 

perceptions are not positive may not support reasonable changes that affect the overall school 

administration and performance. School technology leadership appears to be a stronger 

predictor of teachers’ use of computer technology in teaching (Anderson & Dexter, 2005). 

Makewa et al. (2013) pointed out that many principals are unsure of how data can be used to 

inform their work, what decisions regarding technologies should be made or what type of 

decision requires their direct oversight. However, a study by Teo (2008) revealed that teachers 

were more positive about their attitude towards computers and the intention to use them than 

their perceptions of the usefulness of the computer and their control of the computer. Therefore, 

an understanding of personal characteristics that influence teachers’ adoption and integration 

of computers into teaching is relevant (Buabeng-Andoh, 2012). 

 

The lack of resources could be a major factor affecting the teaching instruments and methods 

used by teachers to teach chemical reactions (Oladosu, 2012). This research further reveals that 

teachers have little access to computers not to mention of impacting the technological 

knowledge on to the learners. Mathevula and Uwizeyimana (2014) confirmed that there is a 

scarcity of computer resources for ICT integration available at schools and that the teaching 

and curriculum administration functions of most teachers have been negatively impacted by a 

lack of computer equipment and insufficient use of these resources for those schools which do 

have them. Buabeng-Andoh (2012) stated that the effective adoption and integration of 

computers into teaching in schools depends mainly on the availability and accessibility of 

resources such as hardware and software. Clearly, if teachers cannot access computer 

resources, they cannot use them. 
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It was also noteworthy that a majority of the teachers last participated in CPD training in the 

preceding 3 to 6 years. This finding is critical because it suggests that these teachers have not 

been trained in the most recent 21st-century teaching methods required for effective teaching 

in Chemistry. While these teachers may hold the relevant teaching qualifications, these may be 

outdated as far as recent teaching methods are concerned. The current researcher, therefore, 

recommends that strategies be adopted by schools and the relevant government authorities to 

encourage teachers to participate in CPD training initiatives. This is because Sandholtz and 

Reilly (2004) argue that training programmes that concentrate on computer pedagogical 

training instead of technical issues and effective technical support help teachers apply 

technologies in teaching and learning.  

 

However, the unavailability of technology policies, insufficient equipment, and lack of teachers 

qualified in technology integration and maintenance and technical problems are the major 

challenges affecting the effective integration of technology at school level (Ramorola 2013). 

Jones (2004) also reported that the breakdown of a computer causes interruptions and, if there 

is lack of technical assistance, it is likely that consistent repairs will not be carried out resulting 

in teachers not using computers in teaching. Also, if there is no technical support for teachers, 

they become frustrated resulting in their unwillingness to use computers in teaching and 

learning (Tong & Trinidad, 2005). Significant technical support to help teachers integrate 

technology into their teaching effectively would be appreciated. The current researcher 

therefore calls for an integrated effort to support the adoption of 21st-century teaching methods. 

Such an integrated effort could ensure that teachers have the necessary skills and infrastructure 

for teaching chemistry using 21st-century methods and technologies. 

 

Howie and Blignaught (2009) pointed out that teachers with less confidence in using computers 

were unlikely to develop competence in using computer technologies. However, Buabeng-

Andoh (2012) outline that self-efficacy is the confidence that an individual has in their ability 

to do the things they strive to do. Christensen and Knezek (2006) described computer self-

efficacy as computer confidence in competency. Thus, Knezek and Christensen (2002) 

affirmed that teachers’ competence in computer technology is a key factor in the effective use 
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of computers in teaching. Liaw, Huang and Chen (2007) also stated that teachers’ computer 

self-efficacy influences their use of ICT in teaching and learning. 

 

In line with Ejidike and Oyelana (2015), the current research found the following major factors 

affecting teaching instruments and methods used by teachers to teach chemical reactions. 

a) Effective Chemistry laboratory: lack of adequate practical periods in adequate 

laboratory facilities makes the teaching of chemistry ineffective in most schools. They 

asserted that, for effective teaching and learning of a subject, there must be adequate 

facilities such as good and well-equipped laboratories and experienced qualified 

teachers with good teaching methods. 

b) In-service training for Chemistry teachers: These researchers referred to a teacher as a 

catalyst that brings about changes in the behaviour of the learners. They regarded a 

teacher as playing a central role in the actualisation of educational goals and the survival 

of the educational system. Continuous teacher training underpins improvement and 

transformation in schools and personal and professional growth. In-service training can 

be in the form of on-the-job training, workshops and post-qualification courses, formal 

or informal, structured or unstructured. It could also be refresher courses which assist 

the professional to retain their skills, attitude and knowledge.  

c) Learners, teachers and government attitude to the study of Chemistry: The attitude of 

children in their school work is deeply affected by the degree of encouragement their 

parents give them and by their own level of emotional stability. It is imperative to 

estimate learners’ attitudes to the instructional medium and approach used for 

conceptual change to occur. These approaches should be developmentally appropriate 

for learners of all ages and ability levels. They should facilitate conceptual change, 

cognitive conflict and promote access for all learners.  The research was also of the 

opinion that teachers’ attitudes towards science are a critical stimulus in their 

instruction and have a direct correlation to the instructional methods they adopt. To 

bring about conceptual change, it is equally as important to promote students’ 

awareness of the limitations of the instructional methods as it is to provide them with 

accurate information. Furthermore, on the part of the government,  cutbacks in funding 

and unfulfilled promises are a problem. The Government promises allowances for the 

science teachers which raises their morale and then the promises are not fulfilled. Thus, 
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a lack of encouragement by the government to teachers also contributes to ineffective 

teaching of chemistry. 

d) The learning environment and the community-based resources: ways to make more 

effective use of community-based resources.  

• The motivation of the teacher’s resourcefulness. The teacher should be motivated to 

look inward to see alternative uses of community resources in day-to-day instruction.  

• An initiative for a cordial social community relationship. The community hosting every 

school should be made to accept their role in providing a conducive environment where 

the learning can take place.  

• Retraining and workshops for science teachers. There is a need for Science (Chemistry) 

teachers to be retrained for effectiveness. 

 

b) How do the adopted teaching strategies support the learners’ acquisition of the 
21st-century skills in chemistry? 
 

The literature reviewed in this research has recommended six elements (emphasising core 

subjects; emphasising learning skills; using 21st-century tools to develop learning skills; 

teaching and learning in a 21st-century context; teaching and learning 21st-century content, 

and using 21st-century assessments that measure 21st-century skills) to be followed in order to 

achieve the 21st-century learning skills (Partnership for 21st Century Skills, 2008). Siemens 

(2005) and Ledward and Hirata (2011) referred to these six elements as key drivers of the 21st-

century skills. however, the current research found that teachers who participated in this 

research generally use textbooks and worksheets to teach chemical reactions meanwhile the 

21st century’s classrooms are learner-centred, output-based, real-life related, project-based, 

research driven and full of active learners (Kamboj, 2015).  The findings also demonstrate that 

teachers are unlikely to use computer-based teaching methods and strategies, yet the 21st-

century learning skills stress digital-age literacy, creative thinking, effective communication, 

and high productivity (Ledward & Hirata, 2011). As well, it appears generally that the teaching 

methods and strategies that are mainly used by the participants in this research do not support 

the acquisition of the 21st-century learning skills broadly categorised as information and 

communication; thinking and problem solving; and interpersonal and self-directional skills 

(Partnership for 21st Century Skills, 2008).  
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c) How could computer-based teaching be effectively integrated in the teaching of 
chemical reactions in Grade 11 chemistry?  

 

As mentioned earlier by Koehler et al (2014) that TPCK is a framework which emphasises how 

the connections among teachers’ understanding of content, pedagogy, and technology interact 

with one another to produce effective teaching. It is thus, the integration of these different 

domains that will support teachers in the teaching of chemical reactions with technology (that 

is, computer-based teaching). According to Mishra and Koehler (2006), teachers need to know 

not just the content (e.g. chemical reactions) they teach but also the manner in which the content 

can be transformed by the application of technology. 

As a result, TPCK forms the basis of good teaching with technology and it requires, from 

science teachers, an understanding of the representation of concepts using technologies; 

pedagogical techniques that use technologies in constructive ways to teach content (for 

example, chemical reactions); knowledge of what makes concepts difficult or easy to learn and 

how technology can help redress some of the problems that learners face; knowledge of 

learners’ prior knowledge and theories of epistemology; and knowledge of how computers can 

be used to build on existing knowledge and to develop new epistemologies or reinforce old 

ones (Mishra & Koehler, 2006). 

Accordingly, for science teachers to integrate computer-based teaching effectively in the 

teaching of chemical reactions in Grade 11 chemistry, they should have an understanding of 

technological content knowledge (knowledge about the manner in which technology and 

content are mutually interrelated), technological pedagogical knowledge (understanding that a 

variety of tools exists for a specific task, the ability to choose a tool based on its fitness, 

strategies for using the tool’s affordances, and knowledge of pedagogical strategies and the 

ability to apply those strategies for use of technologies), and that these components of TPCK 

(technology, content, and pedagogy) exist in a state of dynamic equilibrium, in actual fact 

(Mishra & Koehler, 2006). 

Subsequently, productive technology integration in teaching needs to consider all three issues, 

not in isolation but rather within the complex relationships in the system defined by the three 

key elements. As a result, a change in any one of the factors has to be compensated for by 

changes in the other two. For example, teaching chemistry content (chemical reactions) would 

drive the kinds of representations to be used (symbolic representations such as equations, or 
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visual representations such as molecular diagrams, that is, the pedagogy) and the technologies 

used to display and manipulate those (Mishra & Koehler, 2006). 

It is therefore worth mentioning that the science teachers need to be trained on how to integrate 

technology knowledge, pedagogical knowledge and content knowledge into their TPCK 

(computer-based teaching) effectively in the teaching of chemical reactions in Grade 11 

chemistry. As suggested by Lehtinen et al. (2016), more attention should be paid to developing 

pre-service sciences teachers’ beliefs about their technological knowledge throughout their 

teacher training in order to encourage them to use simulations in science teaching. 

Correspondingly, Abbitt (2011) also suggested that improving pre-service teachers’ knowledge 

regarding teaching with computers may result in increased beliefs in their ability to teach 

efficiently using computers. Thus, departmental computer-support structures to institutionalise 

the integration of computers in classroom teaching should be put in place. 

 

d) To what extent do teachers have the topic-specific PCK needed in order to 
effectively teach Grade 11 chemical reactions in rural areas? 

 
The responses generated from reasoning through concepts using the knowledge components 

(such as, learner prior knowledge, curriculum saliency, what is difficult to teach, 

representations and analogies, and Conceptual teaching strategies) as a collective, reflect the 

extent of understanding knowledge for teaching the topic, which is TSPCK (Rollnick & 

Mavhunga, 2014). 

 

Teaching strategies such as project-based learning, experiment-based learning, and enquiry-

based learning, amongst others, are least used by the participants in this research yet their use 

for teaching and learning provide great benefits for learners. For instance, Experiment-based 

teaching is regarded by Zheng et al. (2011) as an essential link to advance learners’ practice 

ability as well as innovative ability, and can also give the human scientific knowledge and 

technology, and cultivate learners’ teaching practice and innovation consciousness, which 

cannot be achieved in theory. Also, Tarhan and Sesen (2010) in their study, concluded that the 

use of laboratory work based on constructivism has great role to play for increasing learners’ 

learning achievements and developing learners’ positive attitudes towards a chemistry 

laboratory, in contrast to traditional teacher centred approach. For this reason, the authors 

further suggested that laboratory work should be developed based on constructivism for all 
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subjects in the high school chemistry curriculum, and used chemistry classes widely. In the 

same way, Ibrahim et al. (2014) suggested that the teachers should improve their teaching 

method while teaching experiments by implementing the enquiry strategy and constructivism 

approach. These researchers also believe strongly that experimentation can maximise the 

learning of abstract concepts and theories of science, particularly chemistry, given that it 

enables the learners to engage in real practical work rather than sitting in the classroom and 

absorbing the lecture on the concepts and theories. 

 

Also, Gormally et al. (2009) repoted that most studies on the effectiveness of enquiry 

investigations have measured learner achievement through the acquisition of content 

knowledge, conceptual understanding, and overcoming misconceptions. As such, through 

using these variables, these authors report that studies have demonstrated increases in learner 

achievement in enquiry lab classrooms. Moreover, it has been argued that enquiry-based 

teaching methods are the best pathway to achieving scientific literacy because they provide 

learners with the opportunity to discuss and debate scientific ideas (American Association for 

the Advancement of Science, 1993). 

 

Similarly, Yakar and Baykara (2014) in a study to analyse the effects of enquiry-based learning 

practices on the scientific process skills, creative thinking, and attitudes towards science 

experiments of pre-service science teachers found that enquiry-based laboratory practices 

improved scientific process skills and all creative thinking levels and attitudes towards science 

experiments of pre-service science teachers. These results are in agreement with Ibrahim et al. 

(2018), who showed in their study that the learners who were taught chemistry using enquiry 

teaching methods, performed significantly better than those who were  taught using the 

traditional lecture method.  

 

Ravitz (2010) reported that  the use of Project-based learning (PBL) has the potential to 

increase cognitive engagement due to its positive influence in learner engagement in a learning 

environment. Also, in project-based learning, learners mainly apply previously acquired 

knowledge and the final product is the central focus of the assignment (Prince & Felder, 2007). 

 

Subsequently, the least use of some of the teaching and learning strategies as indicated may 
result in limited application of some of the components of topic-specific PCK. For instance: 
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Learner prior knowledge (typical learner responses): If enquiry or rather experiments are not 
used in the teaching and learning of Physical Sciences, misconceptions or the alternative 
conceptions raised by learners cannot be confronted successfully. As a result, learners will 
harbour a lot of misconceptions resulting in continuous underperformance in Physical Sciences 
as seen in figure 1.1 and 1.2. 

Representations and analogies: This section in a lesson presentation can also suffer if 
experiments are not done as a method of learning in the classroom. As a result, teachers tend 
to rely much on analogies which may introduce further misconceptions during the learning 
process is taking place. Thus experiments work well in terms of providing proof or confirming 
analogies. The literature reviewed in this research revealed that laboratory work as an active 
learning method, which require learners to be involved in observing or manipulating real 
objects and materials, play a distinctive and central role for the development of learners’ 
understanding of scientific concepts, improving cognitive skills as well as developing positive 
attitudes (Garnett, Garnett, & Hacking, 1995; Hofstein & Lunetta, 2002; Lunetta, 1998; Tobin, 
1990). 

Conceptual Teaching strategies: Experiments also enable the teacher to address key conceptual 
gaps demonstrated by learners through informative assessment or formal assessment. As such, 
learning is aided when a learner uses almost all his senses (for example; seeing, touching, 
hearing, and etc.). Thus, for a learner to use almost all the senses for learning, experiments 
should be conducted with them so that they are engaged in in the learning procss. Thus, in this 
way the conceptual gaps can be addressed. 

Therefore in this research study the majority of the participants exhibit a limited to moderate 

topic-specific PCK needed in order to effectively teach Grade 11 chemical reactions in rural 

areas as a result of the limited use of some of the learning strategies necessary for the the 

construction of scientific knowledge by learners. 

 

7.3 Findings	that	corroborate	existing	literature 
 

With regard to teaching methods used by teachers, results from the current study revealed that 

computer-based teaching was the least used method among teachers in all categories of 

teaching experience, and also least used by teachers across all age groups.  The data also 

showed that computers are least used among teachers across all groups. This finding is in 

agreement with the findings in the literature reviewed for the current research. For example, 

Eteokleous (2007) examined how elementary teachers in Cyprus use computers and the factors 

that influence computer integration in their classroom practices. The results of the study 

revealed that computers are not extensively used in classrooms and, when they are used, it 

tends to be sporadically, more as supporting tools or fancy chalkboards than educational tools. 
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Odhiambo (2013) conducted a study to investigate the use of computer technologies in teaching 

and learning in Rachuonyo South District secondary schools. The results indicated that 

computer technologies have not been integrated successfully in teaching and learning. The 

results also showed that, although the large majority of teachers had sufficient skills for 

everyday and routine working practices, many of them were found to have difficulties in 

finding a meaningful integration of ICT into teaching and learning. 

 
Similarly, the data also showed that computer-assisted teaching and learning instruments (for 

example, audio-visual materials or computer simulation) were least used by teachers in all 

groups in the current study. These findings are also in agreement with the findings  in the 

literature reviewed in the current research. For example, Volman (2005) revealed that the 

national ICT survey in the Netherlands showed that most primary school learners use 

computers less than once a week and there are still many secondary school teachers who do 

not use ICT at all. Pflaum (2004) found that the use of computers at Springdale High School 

in Ohio City was poor. This researcher revealed that the school had plenty of computers but 

they had no teachers ready to use them or an administrator committed to technology. Oladosu 

(2012) examined the Basic Technology teachers’ awareness and attitude to computer 

technologies. The results showed that they have the right attitude to computer technologies but 

lack adequate information integration methodologies. Also, in some schools, it was found that 

computer technologies are available but not connected to the internet and the teachers can 

hardly access these computers not to mention impacting the technological knowledge on to the 

learners. 

 

The literature reviewed for the current research study shows a similar situation in South Africa. 

For example, Mathevula and Uwizeyimana (2014) investigated the impact of ICT equipment 

availability and accessibility and teacher training in ICT use on the integration of ICT into the 

curriculum by teachers in the Groot Letaba Circuit, Mopani District Municipality in Limpopo 

Province, South Africa. The findings revealed that, with the exception of TVs, photocopiers 

and laptop or desktop computers, there is a scarcity of ICT resources available at schools for 

ICT integration, and that the teaching and curriculum administration functions of most teachers 

have been negatively impacted by a lack ICT equipment and insufficient use of these resources 

for those schools which do have them. In addition, while some teachers had received some 

form of ICT training, it was evident that such training had minimal or no impact on the abilities 
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and confidence of teachers to use ICT in their teaching. Howie and Blignaught (2009) carried 

out a study to determine whether South African secondary schools were ready to integrate 

computer technologies into the teaching and learning of Mathematics and Science. They 

discovered that teachers with less confidence in using the computers were unlikely to develop 

competence in using computer technologies for teaching. 

 

7.4 Findings	that	contradict	the	literature	
 

When it came to the teaching methods used by teachers, results in the present research revealed 

that computer-based teaching was the least used method among teachers in all categories of 

teaching experience and across all age groups.  The data also showed that computers and 

computer-assisted teaching and learning instruments (for example, audio-visual materials, 

computer simulation) are least used among teachers across all groups. Kotoka (2013) 

investigated the effects of computer simulations on the teaching and learning of Atomic 

Combinations in the Tshwane North District of Gauteng Province and found that both teachers 

and learners were familiar with computers and their usage. The findings pointed to the fact that, 

on the whole, learners and teachers use computers and the internet when needed at school or 

home and sometimes in the internet cafes in their community. 

 

When comparing the teaching methods used (Table 5.13a), the data showed that the lecture 

method is one of the least used teaching methods among teachers with one year of content 

knowledge in their teacher training. However, in a study conducted by Kirbuluta and Bektas 

(2011), the majority of the (five out of six) prospective chemistry teachers who participated in 

the study stated that lecturing was the only teaching method they observed at school placement, 

and this meant they did not have a chance to observe alternative teaching methods in a real 

classroom setting. Learners taught with the enquiry-based teaching method show better 

academic performance than those taught with the lecture method (Ibrahim et al., 2018). 

 

7.5 Conclusion	and	recommendations	
 
The purpose of this research was to determine the extent to which Physical Science teachers 

adopt 21st-century computer-based instructional strategies in teaching chemical reactions in 

Grade 11. The analysis of the findings paints a disappointing picture in the Eerstehoek sub-
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district of the Gert Sibande District of Mpumalanga Province. The literature reviewed and the 

analysis of the results in this report have clearly demonstrated that the absence or unavailability 

of computers and inadequate computer training for teachers reported here has the prospect of 

isolating teachers’ abilities, confidence and attitude but also compromising teaching and 

learning.  

 

As mentioned earlier, computer-based teaching strategies have been shown to enhance content 

understanding among learners. They offer teachers alternative techniques of delivering content 

and promote learner-centred learning that could inspire students. However, it transpired from 

the current research that inadequate teacher training and lack of computer resources are the 

major contributors to low computer usage in the classrooms. Thus, for a country to implement 

CATL and increase its computer literacy levels in all schools, the education policies must 

embrace the spirit of technology through careful planning, adequate resource allocation and 

appropriate integration of CATL with existing curricula, adequate training of pre-service and 

in-service teachers and enhancing collaborative work. Furthermore, teachers should be given 

sufficient initial training on how to use computer tools to enhance their beliefs about the 

usefulness of computer technology in teaching and learning, thereby positively influencing 

their choice to use technology in teaching. Finally, it should be taken into consideration that 

school management should be regarded as one of the main factors contributing to a school’s 

effective function for the successful and efficient adoption of new technologies in the 

classroom as well as in administration.  

 

One limitation of this study is that the results cannot be generalised; the sample size was small 

meaning that the Chemistry teachers were not representative of the general Chemistry teacher 

population. It also only included selected high schools in the area and did not cover all the high 

schools in the municipal area. The study investigated the extent to which Physical Science 

teachers adopt 21st-century computer-based instruction strategies in teaching chemical 

reactions in Grade 11 in the Eerstehoek sub-district of the Gert Sibande District of Mpumalanga 

Province in South Africa, using 61 participants. Future research may repeat this research by 

using a larger population such as a whole province or nation. In addition, the factors that 

negatively influence rural school teachers’ preparedness for, and confidence in using 

computers; need to be dealt with by the various stakeholders including, among others, the 

Department of Education and the school management.   
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9 APPENDICES	
 
 
Appendix 1 
 
CHEMICAL REACTIONS RESEARCH PROJECT 
This info is for research purposes only. Your responses will be treated confidentially. 
Pseudonyms will be used if a need to refer arises.  This page will be detached and stored 
separately.  
SECTION A: BACKGROUND INFORMATION 
Surname ________________________________________ 
Name _____________________________________   

Gender 
(Put a 
cross X) 

Female  Male  

 
How old are you? (Put a cross X) 

20 – 
30 

years 

31 – 
40 

years 

41 – 
50 

years 

51 years 
and above 

    
 
HOME circuit and suburb: ______________________________________________     
Please fill in details about all post school qualifications. (Since you left school.) 

Qualification  Length 
of 
course   

From 
(year) 

To 
(year) 

Major 
subject(s) 

     
     
     
     
     

 
Please provide the highest level reached in your science content subjects studied - i.e. science 
and maths courses (not education or methodology/didactics courses) and the highest level at 
which you  have taught (e.g. grade 11). 

Subject  Highest level reached (e.g. 
2nd year university) 

Highest level taught (e.g. 
Gr 11) 

Chemistry    
Physics    
Physical 
Sciences 

  

(Others)    
   

 
Please provide the following information about your teaching. 

Number of 
years  

School and 
circuit  

Subjects 
taught  

Classes taught  
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Continuing Professional Development (CPD) 

The aim of CPD is to develop teachers’ competencies related to their profession. The CPD 

events last at least a day, but there are also long term trainings with, for example, several 

meetings within a period of two years. 

In the following section we would like to know your attitude towards CPD. 

 

1.  How many days did you participate in professional development events over the past 

years? Please fill in the numbers. 

0 – 2 years 

ago 

3 – 4 years 

ago 

5 – 6 years 

ago 

7 – 8 years 

ago 

    

 

2.  

 Mainly no Half and half Mainly yes  

I participated in CPD because it 

was compulsory. 

   

___________________________________________________________________________ 
 

SECTION B 

 

INSTRUCTIONS:   

Please answer each of the following questions. Include relevant examples whenever possible. 

You can use the back of a page if you need more space. There are no “right” or “wrong” 

answers to the following questions. We are only interested in your opinion on a number of 

issues about science.   

 
Likert scale 
1. When teaching this subject in class, how often do your learners do the following 

activities during your lesson? Use the space provided to justify/support your option. 
In my lessons my 
learners… 

Never 
or 

In 
some 
lessons 

In 
most 
lessons 

In 
almost 
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hardly 
ever 

all 
lessons 

1.1. Work either as individuals 
or as groups. 

    

 
1.2. Investigate different 

aspects of the problem 
independently, compare 
solutions and discuss their 
findings together. 

    

 
 

1.3. Are involved entirely in the 
make-believe exercise and 
the game relates directly to 
a theme. 

    

 
 

1.4. Learners discover things for 
themselves and engage in 
solving problems. 

    

 
 

1.5. Discover/experience reality 
and discover things 
themselves by means of 
studying relevant examples 
and generalised 
statements. 

    

 
 

1.6. Learn through self-
discovery, exploration and 
observation. 

    

 
 

1.7. Learn through self-activity.      
 
 

1.8. Learn though doing 
exercises. 
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1.9. Work collaboratively in 
pairs or small groups. 

    

 
 

1.10. Are given 
opportunities to explain 
their own ideas.  

    

 
 

1.11. Draw conclusions 
from an experiment they 
have conducted. 

    

 
 

1.12. Do experiments by 
following my instructions. 

    

 
 

1.13. Have opportunities 
to work with little or no 
guidance. 

    

 
 

1.14. Are allowed to do 
an investigation to test out 
their own ideas. 

    

 
 

1.15. Have discussions 
about the topics. 

    

 
 

1.16. Do practical 
activities. 

    

 
 

1.17. Are allowed to 
design their own 
experiments. 

    

 
 

1.18. Learn by finding 
solutions to problems on 
their own. 
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1.19. Learners are 

allowed to experience 
reality and discover things 
themselves. 

    

 
 

1.20. Learners have the 
opportunity to interact 
with and learn from others 
via electronic means. 

    

 
 

1.21. Learners are led 
step-by-step to the 
discovery of new 
knowledge 

    

 
 

(Adapted from Primas, 2011) 
 
 
 
 
 

2. When teaching this subject in class, how often do the following activities occur in 
your lessons? Use the space provided to justify/support your option. 
 

 
In my lessons… 

Never 
or 

hardly 
ever 

In 
some 
lessons 

In 
most 
lessons 

In 
almost 

all 
lessons 

2.1. I have my learners working 
in their own, consulting a 
classmate from time to 
time. 

    

 
 

2.2. I have learners engage in 
discussions among 
themselves. 

    

 
 

2.3. I encourage my learners to 
use only the methods I 
teach them. 
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2.4. I have learners ask 
questions about 
maths/scientific 
phenomena addressed 
during experiments. 

    

 
 

2.5. I teach the whole class at 
once. 

    

 
 

2.6. I avoid learners making 
mistakes by explaining 
things carefully first.  

    

 
 

2.7. I use Question-based 
teaching strategies to 
respond to learners’ 
questions. 

    

 
 

2.8. I use audio-visual 
possibilities to increase 
learner understanding and 
performance.  

    

 
 

2.9. I circulate and interact with 
learners. 

    

 
 

2.10. I tend to follow the 
textbooks or worksheets 
closely. 

    

 
 

2.11. I use computer 
simulations to teach 
learners  
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2.12. I try to teach each 
learner differently 
according to individual 
needs. 

    

 
 

2.13. Learners sit quietly 
for effective learning. 

    

 
 

2.14. I model the 
appropriate use of 
computers throughout the 
curriculum 

    

 
 

2.15. I direct the 
attention of the learners to 
what is to be presented and 
also towards the 
achievement of learning 
outcome. 

    

 
 

(Adapted from Primas, 2011) 
 

3. When teaching this subject in class, how often do you use the following teaching 
methods/strategies? Use the space provided to justify/support your option. 
 

Teaching 
methods/strategies 

Never 
or 
hardly 
ever 

In 
some 
lessons 

In 
most 
lessons 

In 
almost 
all 
lessons 

3.1. Inquiry-based learning     
 
 

3.2. Computer-based teaching     
 
 

3.3. Problem-solving      
 
 

3.4. Role play/simulation     
 
 

3.5. Cooperative learning     
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3.6. Project-based learning     
 
 

3.7. Learner-centred teaching     
 
 

3.8. Discussion     
 
 

3.9. Lecture     
 
 

3.10. Mastery learning     
 
 

3.11. Active learning     
 
 

3.12. Experiment-based 
teaching  

    

 
 

3.13. Question-based 
teaching  

    

 
 

3.14. other     
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Appendix 2: INTERVIEW PROTOCOL 
 

INTERVIEW QUESTIONS PARTICIPANTS’ RESPONSES 
  

1. Do you use audio-visual possibilities to 
increase learner understanding and 
performance in your lessons?  

 

 

2. Do you use textbooks or worksheets 
closely in your lessons?  

 

 

3. Do you try to teach each learner 
differently according to individual 
needs? 

 

 

4. Do you model the appropriate use of 
computers throughout the curriculum? 

 

 

5. Do you use computer simulationsto 
teach learners? 

 

 

6. Do you use inquiry-based learning? 
 

 

7. Do you use computer-based teaching in 
your lessons? 
 

 

8. Do you use problem-solving method to 
teach your learners? 
 

 

9. Do you use cooperative learning in your 
lessons? 
 

 

10. Do you use project-based learning in 
your lessons? 
 

 

11. Do you use role play/simulation in your 
lessons? 
 

 

12. Do you use learner-centred teaching in 
your lessons? 
 

 

13. Do you use lecture method to teach 
your learners? 
 

 

14. Do you use Experiment-based teaching 
in your lessons? 
 

 

15. Do you use case-based activities in your 
lessons? 
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Appendix 3: HOD APPROVAL TO CONDUCT RESEARCH 
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Appendix 4: PERMISSION FROM CIRCUIT 
MANAGER 
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Appendix 5: PERMISSION REQUEST FROM 
PRINCIPALS 
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Appendix 6: PARTICIPANT INFORMATION SHEET 
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Appendix 7: COVER FOR A 
QUESTIONNAIRE  
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Appendix 8: QUESTIONNAIRE 
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