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ABSTRACT 

My experience of working with science learners for the past 25 years and witnessing their 

difficulty in comprehending chemical reactions motivated me to investigate how learners make 

sense of chemical reactions in lessons involving the use of familiar resources. Essentially, this 

study sought to gain insights into whether engaging learners during practical activities using 

familiar resources facilitated meaning-making of chemical reactions.  

There is not much literature on early high school learning of concepts linked to chemical 

reactions which opened the way for this research. This study was conducted at a public high 

school comprised of Grades 8-12 (FET band) in Grahamstown in the Eastern Cape, South 

Africa. It is located within the interpretive paradigm. Within this paradigm, both quantitative 

and qualitative methods were conducted with a Grade 8 Natural Sciences class.  

Data sets were analysed in relation to the research questions. A variety of data gathering 

techniques were used, namely diagnostic and summative tests, worksheets and a semi-

structured interview with a focus group. Both inductive and deductive processes were applied 

during the data analysis process. The validation process was done through data analysis using 

mixed methods (quantitative and qualitative), checking transcriptions with the focus group and 

the use of a research participant. Learners in the focus group verified their responses, checking 

for any misrepresentations. 

The main finding of this study is that the use of practical activities, using familiar resources, 

facilitated learner engagement and meaningful learning. However, this study further revealed 

that some concepts associated with chemical reactions were challenging to learners. Similarly, 

that some prior everyday knowledge and experiences that learners bring to the science 

classroom impede sense-making in Natural Sciences. In addition, the language of learning and 

teaching (LoLT) and the language of science are other factors impeding sense-making of 

scientific concepts. 

It is thus recommended that teachers plan well in order to incorporate the use of practical 

activities using familiar resources during mediation of learning.  
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CHAPTER 1:  SITUATING THE STUDY 

 

1.1 Introduction 

The main goal of the study was to investigate how Grade 8 Natural Sciences learners make 

sense of chemical reactions during lessons involving the use of familiar resources. In this 

chapter, the background and rationale of the study are described. This is followed by the 

curricula issues based on transformation from Outcomes-based Education (OBE) to 

Curriculum and Assessment Policy Statement (CAPS). A summary of the research goal and 

questions is presented. The theoretical framework and the potential value of the study are 

highlighted and definitions of key concepts are provided. Lastly, an outline of the thesis is 

discussed. 

1.2 Background to the study 

1.2.1 The International and Regional context 

The study was prompted by the generally poor performance of Natural Sciences learners in 

South Africa in a series of international benchmark tests referred to as the Trends in 

International Mathematics and Science Study (TIMSS). The TIMSS 1998/1999 study revealed 

comparatively poor performances by the South African Grade 8 Natural Sciences learners 

(Howie, 2001). The TIMSS was developed by the International Association for the Evaluation 

of Educational Achievement (IEA) and is managed locally by the Human Sciences Research 

Council (HSRC) on behalf of the Department of Basic Education (DBE). The TIMSS 2011 

report states that at Grade 8 level, South African learners' scores were among the bottom six of 

42 countries and below the low-performance benchmark. According to the TIMSS 2011 

highlights, the lowest performing provinces were Kwazulu-Natal, Limpopo and Eastern Cape. 

This provides good reason to locate this study in the Eastern Cape which is one of the worst 

performing provinces. 

Question-by-question analyses of the national Grade 9 Natural Sciences common examinations 

at provincial level have been carried out up to 2009 (Xipu, 2011). The results revealed that 

learners performed poorly on questions in the Matter and Materials knowledge strand of 

Natural Sciences This is the strand in which chemical reactions (the focus of this study) is 

located. According to Xipu (2011), learners struggled with both multiple choice questions and 

structured questions. They could not easily name and state formulae for chemical compounds. 

In addition, writing and balancing the chemical equations was a further complication. Xipu 

(2011) conducted a study on how Natural Sciences teachers mediate learning of chemical 
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reactions in Grade 9, in a school in the Eastern Cape Province of South Africa. The study found 

that learners resorted to memorising concepts and had forgotten them by the time they wrote 

common examinations. The poor performance highlighted by Xipu (2011), could well have 

stemmed from learner misconceptions of the topic Matter and Materials, so it is the intention 

of this research to examine how they understand related topics. 

Learner misconceptions were identified and discussed by teachers, including the researcher, in 

2014, during a presentation on chemical reactions in the Chemistry Department at Rhodes 

University. The Chemistry Department hosted science students from the Education Department 

during a contact session. Some teachers later confessed to having had these misconceptions 

themselves for a number of years. These confessions lend credence to Boo’s (2002) observation 

that “misconceptions held by a group of students who had undergone several years of chemistry 

instruction are often robust and resistant to change despite teaching strategies specially 

designed to address them” (p. 55). It follows that learners may carry misconceptions from one 

grade to another. Thus, misconceptions identified in early high school Natural Sciences 

learning need to be addressed via teacher interventions before they crystallise and become more 

problematic in later grades. 

The researcher set learners a diagnostic test to identify their misconceptions. Thereafter an 

intervention was implemented to investigate how learners develop ‘new’ understandings or 

meanings in the science classroom. The strategy and value of implementing interventions to 

investigate how learners develop new understandings in science classroom was proposed by 

Scott (1998). Since the process of sense-making or meaning-making could be hindered by 

misconceptions that learners bring into the classroom, the study needed to consider learners’ 

prior knowledge related to the topic Matter and Materials. The concept of meaning-making is 

unpacked in the conceptual framework. 

In this study, the researcher drew on his experience as a science teacher having taught the 

subject for the past 25 years and witnessed learners’ difficulty in comprehending concepts in 

chemistry. Rogers (2000) identifies two explanations for learners experiencing problems with 

chemistry concepts. The topics are very abstract and the language of chemistry is new and 

unfamiliar. Considering these problems, learner participants in the study carried out practical 

activities in groups using resources they were accustomed to. The use of practical activities 

using familiar resources was an attempt to make the content of chemical reactions less abstract 

and more accessible. Learners answered questions on worksheets after each practical task. The 
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use of worksheets was employed for the purpose of assisting learners who were grappling with 

scientific language and also served as one data collection tool for identifying how learners 

make sense of chemical reactions.  

The teaching and learning of chemical reactions has been embedded in the laboratory at high 

school level. In some cases, learning has been hampered by the lack of laboratories and 

equipment in many schools. Where laboratories are available, they often do not have enough 

equipment for the proper learning and teaching of science. This is the reason why the use of 

familiar resources was included as a central feature in this study. Familiar resources are 

materials learners are at ease with as they interact with them in their daily activities. 

Having established the nature of the challenge the present study sought to address, it is 

imperative that the specific challenge be located within the broader context of science 

education within the South African context. This will provide a rationale for the prioritisation 

of the specific challenge in this study. 

1.2.2 The South African context 

After independence in 1994, the South African education system went through a number of 

reforms intending to move away from the previous apartheid system of education (Mouton, 

Louw & Strydom, 2012). According to Mouton et al. (2012), the adoption of OBE was a way 

to abolish apartheid education and, to address outcomes of skills, knowledge and values 

deficient in the country. The new OBE curriculum replaced textbooks with workbooks and 

learner portfolios. Furthermore, outcomes replaced syllabi and learner-centred pedagogy was 

promoted (ibid.). 

According to Mouton et al. (2012), the implementation of the curriculum resulted in a plethora 

of problems. These included moving away from the crucial basics in education like reading, 

writing and arithmetic. OBE also attempted to shift from a teacher-centred to learner-centred 

approach. Mouton et al. (2012) observed that teachers were not receptive to the OBE 

curriculum as they perceived it as problematic. In addition, the OBE curriculum had already 

failed in some first world countries. Issues like poverty, shortages of classrooms and lack of 

vital amenities impacted negatively on education (ibid.). As a result, there was an urgent need 

to re-think OBE. 

In 1999, the Minister of Education instituted a review of curriculum 2005 (C2005), as part of 

its OBE program. This led to the introduction of the Revised National Curriculum (RNC). The 

Revised National Curriculum consisted of the Revised National Curriculum Statement Grades 
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R-9 and the National Curriculum Statement Grades 10-12 (2002). Administrative tasks and 

curriculum tools were minimised. However, the serious problems of quality, equity and 

relevance which were facing South African education were not addressed in this system (Steyn, 

Steyn, De Waal & Wolhuter, 2011). 

Problems persisted, and in 2010, the then Minister of Education, Angie Motshekga, announced 

a new curriculum improvement process. This resulted in the crafting of the National 

Curriculum Statements (NCS) Grades R-12 (Maluleka, 2011). This represented a policy 

statement for learning and teaching in South African schools, embodying the Curriculum and 

Assessment Policy Statement (CAPS) document. Transformation in CAPS included a 

reduction in subjects from 8 to 6 for Grades 4-6, the compulsory introduction of an additional 

language from Grade 1, extended hours to focus on languages, fewer projects and a single file 

for teacher planning (Maluleka, 2011). These changes were presumably meant to improve the 

quality of teaching and learning in schools.  

With each new curriculum, subject content and methodologies shifted as did the aims. In terms 

of Natural Sciences, the shift was also manifested in the aims. For instance, CAPS for Grades 

7-9 Natural Sciences has three specific aims. Aim 1 is “acquiring knowledge of Natural 

Sciences concepts, processes, phenomena, mechanisms, principles, theories, laws, models 

etcetera.” Aim 2 is “investigating phenomena” (DBE. CAPS, 2011, p. 9). Specific Aim 3 is the 

“understanding the uses of Science”. This aim explicitly states that “learners should understand 

the uses of Natural Sciences and indigenous knowledge in society and the environment” (ibid., 

p. 10). The same observation is made by Mukwambo, Ngcoza and Chikunda (2014) as well as 

Kibirige and Van Rooyen (2006) who purport that the National Curriculum Statement clearly 

states that teachers should address indigenous knowledge in the classroom.  

For learners at Grade 8 level prior knowledge is assumed to be part of indigenous knowledge. 

The way that Chemical reactions, a topic in Natural Sciences, is taught relies on learners’ prior 

everyday knowledge. Many researchers including (Roschelle, 1995; Stears, Malcolm & 

Kowlas, 2003; Rennie, 2011) advocate integration of prior everyday knowledge in the teaching 

of science as an effective way to acquire knowledge through interactions in the social context. 

By employing a mixed methods research approach I sought to gain some insights into how 

Grade 8 learners make sense of chemical reactions when using familiar resources. 
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1.3 Research goal and questions 

1.3.1 Research goal 

To investigate how Grade 8 learners make sense of chemical reactions when using familiar 

resources. 

1.3.2 Main research question 

How do Grade 8 learners make sense of chemical reactions when using familiar resources? 

1.3.3 Sub-questions 

 How do Grade 8 Natural Sciences learners make use of prior everyday 

knowledge to construct their understanding of chemical reactions? 

 To what extent do practical activities involving familiar resources enhance or 

constrain the learning of chemical reactions in Grade 8 Natural Sciences 

lessons? 

 Which concepts related to chemical reactions do Grade 8 Natural Sciences 

learners find most challenging? 

1.4 Theoretical framework 

The purpose of a theoretical framework is to guide and direct the research project (Mouton, 

1996). It is the framework that provides a structure for organising and supporting ideas in 

research work (Leshen & Trafford, 2007). The theoretical framework for this study draws from 

Vygotsky’s (1978) social constructivism and its value in this study is further unpacked in the 

literature review. 

1.5 Data gathering techniques 

To gather data, a variety of data gathering techniques were employed which include: 

 Diagnostic test; 

 Lesson observations; 

 Summative test; 

 Focus group interviews; and 

 Stimulated recall interviews. 

1.6 Definition of key concepts 

Certain concepts appear frequently in the research study. These are chemical reactions, familiar 

resources, sense-making, conventional chemicals, prior everyday knowledge, social 

constructivism and physical change. They are defined as endorsed by authors who conducted 

related studies in Chapter 2 of this study as: 
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Chemical reactions: this is a change which forms new substances. 

Familiar resources: are materials learners are familiar with as they interact with them in their 

daily activities. 

Sense-making: the process by which people give meaning to experiences. 

Conventional chemicals: these are manufactured chemicals that are used during science to 

help learners understand scientific concepts. 

Prior everyday knowledge: the formal and informal information learners have acquired from 

home, which may be scientific or non-scientific. 

Social constructivism: is a theory, which states that knowledge is socially and culturally 

constructed through human activity. 

Practical activities: these are tasks were learners manipulate real materials for themselves or 

in small groups that leads to better learning. 

Physical change: one in which there is no change in substance.  

Chemical change: a change which is the result of a reaction where one or more new substances 

are formed. 

1.7 Potential value of the study 

According to Nakhleh (1992), many learners are unable to construct appropriate understanding 

of fundamental chemical concepts from the start of their studies. Thus, learners from middle 

school to college level find learning chemistry difficult (ibid.). The research assumes that using 

familiar resources during the mediation of learning could enhance learners’ sense-making of 

the content in that: 

 The study can inform the education community and researchers whether practical 

activities involving the use of familiar resources enhance or constrain the learning of 

chemical reactions in Grade 8 Natural Sciences lessons; 

 Facilitate the building of a Natural Sciences school kit consisting of familiar resources 

after the intervention. This would provide possible activities and resources which may 

help in improving the learners’ performance and lay a solid foundation for early high 

school Natural Sciences learning; 
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 A Unit of work will be developed from this study in collaboration with the research 

participant. This will help the Natural Sciences teachers in the cluster to enhance their 

conceptual understanding of learners during mediation; and  

 The study may help in the understanding of the influence of such an approach to early 

learning of chemical reactions. This will help as there is a lack of research on early high 

school learning of concepts linked to chemical reactions using familiar resources in the 

South African context. 

1.8 Thesis outline 

The research was conducted at one high school in Grahamstown, Eastern Cape Province and 

the thesis consists of six chapters. The following is an overview of the chapters. 

Chapter 1 

The first chapter of the study explains the goal and structure of the study. A discussion of the 

background of the research is presented and the rationale of the study outlined. The research 

goal and questions were presented and lastly, the potential value for the study is discussed. 

Chapter 2 

The chapter reviews literature related to the study. Factors such as prior everyday knowledge, 

practical activities, language use and sense-making are discussed. The theoretical framework 

underpinning the research project, constructivism, particularly social constructivism, is also 

discussed in this chapter. 

Chapter 3 

The chapter looks at the research design and it justifies why mixed methods were employed to 

answer the research questions. The methodology and research techniques used in this study are 

explained. Furthermore why worksheets, semi-structured interviews, lesson presentations, 

stimulated recall interviews and focus group interviews were used as data collection techniques 

are discussed in detail. The use of convenience and purposive sampling is also debated. Lastly, 

data analysis, issues of ethics and validity are discussed.  

Chapter 4 

This chapter presents the data analysed from the worksheets, interviews and lesson 

presentations. The emerging concerns from presentations, learners’ interviews and learners’ 

work are presented.  
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Chapter 5 

Chapter 5 deals with the discussion of the findings and the themes that emerged in the study. 

Results from Chapter 4 are discussed with reference to the theoretical framework and literature. 

Discussions of interviews and learners’ work conclude the chapter. 

Chapter 6 

The chapter outlines the main findings. This chapter presents limitations as well as some 

recommendations for further study. Finally, a conclusion based on the study is presented. 

1.9 Concluding remarks 

This chapter presented the context of this study, research goal and questions. The research 

background and the potential value of the study were presented. To enable the reader to have 

an insight into the research the thesis outline was presented.  

The next chapter discusses the literature consulted for the study and the theoretical framework 

that informs it. 
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CHAPTER TWO: LITERATURE REVIEW 

 

2.1. Introduction 

The main goal of the research study was to investigate how Grade 8 Natural Sciences learners 

make sense of chemical reactions during lessons involving the use of familiar resources. This 

was aimed at making a contribution to improved mediation of learning of chemical reactions 

at high school.  

In this chapter, literature relevant to how learners make sense of chemical reactions is 

discussed. This includes the curriculum expectations of the grade and the conceptual 

framework of the topic. A review of related studies namely: prior everyday knowledge, 

language and science, practical activities, chemical reactions and meaning-making or sense-

making are discussed under the idea of a conceptual framework. The theoretical framework 

employed in this study is social constructivism which will help to gain insight into how learners 

make sense of chemical reactions. 

2.2. Curriculum expectations 

Since the introduction of Curriculum 2005 (C2005), many questions have been raised regarding 

its relevance to the South African learner. Cocks, Alexander and Dold (2012) note that in a bid 

to market itself as globally competitive, South Africa’s curriculum 2005 (C2005) primarily 

focused on western-based scientific knowledge, which side-lines the contribution of 

indigenous knowledge systems and ignores the holistic nature of indigenous world views. To 

this end, Cocks et al. (2012) caution that when indigenous communities lose their cultural 

heritage in the form of customs, values and indigenous knowledge, the youth could become 

lost and turn to antisocial behaviour that affects the teaching and learning process. 

In order to redress the issue of indigenous knowledge, the Department of Basic Education 

structured the Natural Sciences curriculum in such a way that it has three learning outcomes, 

namely; scientific investigation, constructing science knowledge and science society and the 

environment. However, Cocks et al. (2012) argue that while South Africa’s OBE curriculum 

has an environmental component and teachers are encouraged to utilise local examples to 

illustrate lessons, this rarely happens in practice. Although the reasons for this are numerous 

and complex, the major reason is that the teachers were not adequately prepared for the 

curriculum implementation (Mouton et al., 2012).  
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In response to the emergence of multicultural classrooms in many parts of the world, 

curriculum transformation and development has been developed to make the school experience 

more relevant to learners’ home experiences according to Ogunniyi and Ogawa (2008), They 

further point out that these curricula (non-western developed and developing worlds) have been 

bold attempts to reflect some elements of indigenous knowledge in science classrooms. 

Findings from a multitude of studies have consistently shown that learners learn science better 

if the content of instruction is relevant to their immediate context, which is their everyday 

knowledge (Roschelle, 1995; Rennie, 2011). In response to that need, the Department of 

Education introduced CAPS to bring more structure and direction in the curriculum. The 

introduction was meant to close off loopholes identified in the RNCS’s. 

The Curriculum and Assessment Policy (CAPS, 2011) when discussing indigenous knowledge 

systems and Natural Sciences, confirms: 

These sets of knowledge, each woven into the history and place of people, are known 

as indigenous knowledge systems. Indigenous knowledge includes knowledge about 

agriculture and food production, pastoral practices and animal production, forestry, 

plant classification, medicinal plants, management of biodiversity, food preservation, 

management of water and soil, iron smelting, brewing, making dwellings and 

understanding astronomy, As society changes, some of that knowledge is being lost. 

(Department of Basic Education, 2011, p. 8) 

Mukwambo, Ngcoza and Chikunda (2014) concur that the acknowledgement of indigenous 

knowledge systems in the CAPS document is an important move towards meaningful learning 

in science. However, they observe that indigenous knowledge is not a bag of knowledge 

waiting to be tapped into and dispensed. It has to be critically analysed before it can be used, 

to expose any contradictions that might come with it. 

In addition, Mukwambo et al. (2014) as well as Kibirige and Van Rooyen (2006) emphasise 

that teachers need to make science appealing to all learners by incorporating indigenous 

knowledge during their lessons. This is alluded to in the CAPS document, more specifically in 

Aim 3 on understanding the uses of science, where it explicitly states that “learners should 

understand the uses of Natural Sciences and indigenous knowledge in society and the 

environment” (DBE. CAPS, 2011, p. 10). By the same token, Kibirige and Van Rooyen (2006) 

confirm that the National Curriculum Statement clearly states that indigenous knowledge 

should be addressed by teachers in the classroom. Supporting this, Le Grange (2007) adds that 

the promotion of indigenous knowledge systems has been identified as one of the principles on 
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which the National Curriculum Statements for both General Education Training and Further 

Education Training Bands in the country are based. 

Le Grange (2007) further attests that the inclusion of indigenous knowledge in the Curriculum 

Policy Statements is a positive step and could provide opportunities for debate on interactions 

between western and indigenous world views. Any science curriculum that does not 

incorporate the indigenous world views of the learner may risk destroying the lens through 

which the learner is likely to interpret concepts. Le Grange (2007) maintains that effective 

learning will depend on teachers’ understanding of this interaction and their ability to manage 

classroom discourses related to this matter. The CAPS document has a section on indigenous 

knowledge in every strand throughout the curriculum. This section requires teachers to instruct 

learners on the indigenous ways of knowledge. 

In the study of chemical reactions, teachers are required in CAPS to teach learners chemical 

reactions in the fermentation process in the brewing of traditional beer. The teacher is required 

to draw upon learners’ prior everyday knowledge in the topic of chemical reactions. In this 

study, practical lessons were presented using resources they are accustomed to as well as using 

conventional chemicals from the science laboratory. The concept of prior everyday knowledge 

is explained below under conceptual framework. 

2.3. Conceptual framework 

A conceptual framework was used as an analytical tool to assist in the answering of research 

questions. Key concepts such as prior everyday knowledge, language and science, practical 

activities, chemical reactions and meaning-making or sense-making were identified to provide 

a context for interpreting the study findings. The concepts give direction to this study and are 

located in different sections that may assist the reader to understand and interpret the structure 

upon which this study is built. 

2.3.1. Prior everyday knowledge 

Mortimer and Scott (2003) argue that learning science can be challenging for learners if there 

is a wide gap between their prior everyday knowledge and scientific knowledge. Prior everyday 

knowledge assists in the comprehension of new ideas and concepts (Roschelle, 1995; 

Oloruntegbe & Ikpe, 2011). For learners to be able to better construct new concepts in science, 

it is necessary for them to have some relevant prior knowledge and experiences, or to be able 

to find links to their everyday experiences (Stears, Malcolm & Kowlas, 2003; Oloruntegbe & 

Ikpe, 2011; Rennie, 2011). Thus, eliciting and integrating learners’ prior knowledge in order 

to enhance conceptual development and sense-making becomes an imperative for teachers. 
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Learners are able to construct abstract concepts in science when these are drawn from relevant 

prior knowledge (Roschelle, 1995). Shizha (2007), during research on primary science 

education in Zimbabwe, found that teaching and learning of science in school was not 

successful because the subject was not linked to everyday life experiences. If learners do not 

see science education as something drawn from real-life, they are likely to experience 

alienation in learning it (ibid.).  

In similar studies done in Nigerian secondary schools, Oloruntegbe and Ikpe (2011) concluded 

that it was imperative that teachers attempted to connect home activities with the teaching of 

chemistry in the classroom. This would make learning more meaningful to learners. Teachers 

should use familiar language and use phenomena from learners’ daily life as examples in 

presenting chemistry materials. Concurring with this point of view, Rennie (2011) refers to this 

as closing the gap between prior everyday knowledge and school science. Similarly, Kuhlane 

(2011) asserts that educators should attempt to elicit the prior everyday knowledge that learners 

bring to the learning environment.  

During a study with Grade 7 learners on acids and bases conducted in a school in the Eastern 

Cape Province of South Africa, Kuhlane (2011) revealed that the use of learners’ prior 

everyday knowledge and experiences facilitated meaningful learning. It was found that linking 

learning to learners’ everyday experiences enabled them to learn scientific concepts in a relaxed 

and non-threatening environment. Similarly, in a study conducted in Namibia on using 

equipment that is familiar with everyday contexts to support learning, the authors, Kasanda, 

Lubben, Gaoseb, Kangeo-Marenga, Kapenda and Campbell (2005) found that the conceptual 

attainment of the group that followed lessons infused with everyday contexts increased 

significantly. Teachers should be conscious of this link and should attempt to marry learners’ 

everyday experiences with classroom practice (Rennie, 2011). 

Oloruntegbe and Ikpe (2011) explain that the capacity to adequately educate learners in science 

can be achieved by taking into consideration what they experience in society and what the 

science curriculum provides during the learning process. Mukwambo et al. (2014) concur that 

pedagogic approaches to teaching and learning should capitalise on the cultural experiences 

learners bring to the classroom. Furthermore, they state that teachers’ mediation of learning 

should be immersed in educational theories; relevant to the communities they are serving, 

historically and culturally. The key concept emerging is that learners bring with them prior 

everyday knowledge which teachers can use as a tool to unlock scientific concepts in the 
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classroom. However, one should be aware that everyday knowledge may be flawed because of 

inconsistencies since learners come from different backgrounds and diverse experiences which 

may compromise the learning process. 

Roschelle (1995) observes that prior knowledge can produce mistakes. Roschelle (1995) 

questions how learners construct knowledge from their existing concepts if their existing 

concepts are flawed. She, however, states that curriculum designers can work with prior 

knowledge despite its flaws. Prior knowledge is seen as providing flexible building blocks and 

science learning as the refinement of everyday ideas in a rich social context. Consequently, 

Roschelle (1995) advocates for caution as not all learning can lead to conceptual understanding. 

In agreement Meyer (2004) emphasizes that the knowledge from home establishes the base and 

the new scientific knowledge fortifies what they already know. Accordingly, these forms of 

knowledge complement each other. Moreover, Meyer (2004) reiterates that understanding by 

teachers of learners’ current beliefs and experiences is of paramount importance. The 

pedagogic practices that teachers employ in classrooms should enable learners to organise 

concepts into structures that may be easily understood. If the learning environment is conducive 

and user-friendly, then the restructuring of new concepts will be made easy and this may result 

in successful learning. 

Stears et al. (2003) recommend programme designs that build on learners’ prior knowledge, 

interests and experiences. In their study the results showed that the use of everyday knowledge 

in the science classroom increased the levels of engagement of learners. Learners enjoyed 

making links between their different experiences when the curriculum is designed to facilitate 

such links. Meyer (2004) agreed with the importance of teachers being aware of their learners’ 

prior experiences as well as prior learning and underscored the need for teachers to be 

convinced of the value of constructivist learning to fully engage learners in a constructivist 

environment (ibid.). Learners enjoy this process of linking new knowledge to old and of 

making new connections and meanings they can claim as their own (Kibirige & Van Rooyen, 

2006). 

To enhance meaning-making in science classrooms, Mortimer and Scott (2003) suggest a 

mature understanding of school science. They assert that teachers should have the ability to 

move between daily and school science views. Teachers should understand the similarities and 

differences between the two and attempt to draw from each as the lesson demands (ibid.) 

Various strategies may be employed by the teacher including the use of analogies to support 
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learning and the use of question and answer techniques to elicit as much prior knowledge as 

possible. This interaction involves the use of language which is central in social constructivism, 

and it underpins the learning of chemical reactions in the classroom. The next section explores 

the role played by language in the science classroom. 

2.3.2 Language and science 

According to Mortimer and Scott (2003), science instruction involves introducing learners to 

new ways of knowing science. Learners need to be motivated to both appreciate and make new 

approaches of knowledge significant. Similarly, Sutton (1995) accredits the learning of science 

with offering new ways to communicate and the goal of science lessons being to offer learners 

a platform to practice this way of conversing. Lemke (1990) notes that the way the specialised 

language of science is used in the classroom could be a barrier to learning scientific concepts. 

Learners have to explore the natural world and make meaning of it in the classroom discourse 

so learning science may be difficult if learners do not have this important tool to make meaning 

in the classroom. 

According to Mortimer and Scott (2003), science learning encompasses inducting the learners 

into the conventional principles of learning science. Again, Lemke (1990) posits that learning 

science is introducing the novice scientists to the language of science embraced by the scientific 

community. Lemke (1990) as well as Mortimer and Scott (2003) observe that scientific 

language is mastered in the same way as any other language and that it comes about through 

repeated use in context. This is a challenge for many learners, especially for those learning in 

a second language and teachers should beware of taking for granted that learners have 

understood the scientific concepts they have learned in every lesson. The language of science 

has to be given considerable attention since the language of learning and teaching is alien to 

the learners. 

According to Probyn (2009), when English is used with English Second Language (ESL) 

learners to facilitate learning, it becomes a deterrent towards conceptual mastery. Probyn 

(2009) advocates code-switching in order to aid understanding in the teaching and learning 

process. Code-switching involves the teacher reverting to the vernacular language in order to 

explain abstract concepts. Besides code-switching, multiple instructional strategies are 

encouraged for better understanding of scientific concepts. 

We communicate and understand our world through language. Much of human thought occurs 

through it (Vygotsky, 1978). Hence, learners’ ability to think and learn depends on their ability 
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to use and understand this crucial medium. According to Wellington and Osborne (2001), 

teaching in English may impede learners’ success in learning. According to studies done on 

English as a language of learning and teaching (LoLT) when learners are not taught in the 

vernacular language, communication and mediation of learning may become very complicated. 

English as a language has surpassed most languages in its development and it has emerged as 

“the language of access and power” (Probyn, 2006, p. 391). Various opportunities and 

hegemonic benefits are linked to it. That is why most science materials are written in the 

English language. The vocabulary and terminology is in English and this poses the biggest 

challenge to teachers. Teachers are supposed to build on learners’ home language, however 

classrooms may be multicultural or metalinguistic in nature. It is possible to have learners that 

come from more than three language groups in the same classroom and the teacher may not be 

proficient in all of them which creates a dilemma for the teacher because of the language 

limitation. 

Despite cited challenges, pedagogies have to be implemented to assist learners battling with 

the language of learning and teaching to comprehend scientific concepts. According to Probyn 

(2006) the English language dominates the political economy and is the medium of instruction 

used by the majority of South African schools. This, despite the fact that most learners do not 

have the opportunity to acquire the necessary English language proficiency required for 

effective engagement with the curriculum. Howie (2001) asserts that South African learners 

experience limitations with communicating their scientific and mathematical findings in the 

language used in examinations, especially ESL learners. 

Language limitations of learners are made worse by science teachers who struggle to 

communicate in the language of learning and teaching. Learners according to Johnstone and 

Selepeng (2001) struggling to learn science in a second language lose at least 20 percent of 

their capacity to reason and understand in the process. One of the reasons for this loss is that 

learners do not have exposure to the language of learning. Another reason is the lack of an 

understanding of the scientific vocabulary and context specific learning. This leads to 

frustration caused by failure to see meanings in texts, leading to rote learning. Research shows 

that information obtained by rote learning is not retained in long memory (Eilks, Moellering & 

Valadines, 2007). Meaningful connection of new and old information becomes impossible and 

ultimately, the subject is labelled as ‘difficult’.  
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According to Cummins (1992), learners who have not developed their Cognitive Academic 

Language Proficiency (CALP) are at a disadvantage in studying academic subjects and science 

in particular because this course requires an in-depth understanding of concepts acquired by 

reading textbooks, participating in dialogue and debate and responding to questions in tests. 

Scientific meaning is developed through proper use of language. In order to understand 

something one must be able to articulate it. Hence, the onus lies with the teacher to help learners 

articulate their ideas (Mortimer & Scott, 2003). 

Language ceases to be a tool for communication if learners do not understand it. It becomes a 

barrier to the learning of science as the content of every scientific subject can be expressed in 

language (Lemke, 1990). Maselwa and Ngcoza (2003) state that code-switching to the 

vernacular language as a strategy to enhance science learning could be helpful. They concluded 

that science would be regarded as easier if it could be done in one’s own language. Probyn 

(2009) notes that code-switching is a legitimate language strategy which helps learners to 

understand concepts better. Code-switching helps in preventing student alienation from science 

and also “reduces the stress of learning through a second language” (p. 133). 

The use of code-switching by teachers has many pros and cons. The major drawback being that 

English (and Afrikaans) has remained the language of examinations. Examinations at all levels 

in the country are administered only in English and Afrikaans (Barry, 2002). Code-switching 

to this end disadvantages learners as they are assessed in English. Jawahar (2008), in a study 

of scientific literacy, conducted in schools in KwaZulu Natal Province of South Africa, argues 

that code-switching results in loss of scientific meaning to some words like, power, force and 

work; as they all are encompassed by a single term in isiZulu. 

However, Probyn (2009) insists that educators’ code-switching helps learners understand 

scientific concepts. Probyn (2009) advocates teaching strategies like repeating key terms and 

concepts, speaking slowly, using gestures and voice tone to support communication. The use 

of glossaries in science textbooks, giving learners an opportunity to express themselves in 

English, simple experiments to help learners to understand new vocabulary, encouraging peer 

learning are some language development strategies. Writing of reflections and journals give 

learners ample opportunity to practice communication in the language of learning and teaching. 

Wellington and Osborne (2001) insist that all forms of language (reading, writing, hearing and 

talking) make learning science effective and more enjoyable and matter to science education. 

Teachers should use language to make sense of each topic in a particular way. The language of 
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chemistry is new to the learners and topics are very abstract (Scott, 1998; Boo, 2002). Learners 

use their own language to put together a view of the subject and it is vital that this corresponds 

with the actual content of the subject. Hence, understanding and knowing the language of 

science is a vital component in constructing meaningful scientific concepts. Notably, Weick, 

Sutcliffe and Obstfeld (2005) note that sense-making entails “an issue of language, talk and 

communication” (p. 409). 

Lemke (1990) says learning science also means learning to articulate it during practical action 

in the laboratory. Although the use of practical activities thrives in an interactive environment, 

they can be a useful tool to help teachers get ideas across to learners. The next section discusses 

the use of practical activities in meaning-making in science. 

2.3.3. Practical activities 

The experience of doing practical work entails getting a feel for materials, apparatus, events 

and phenomena and is a vital part of science education. Nevertheless, there is need to critically 

consider the value and authenticity of practical activities as some researchers, for example, 

Hodson (1990), have called it invalid for use in science education. In spite of Hodson’s critical 

look at practical work in school science, other studies (Gott & Duggan, 1996; Tiberghien, 2000; 

Miller, 2004; Woodley, 2009 & Miller 2010) have considered its strength in science education. 

Miller (2004) regards practical work as any form of teaching and learning which engages 

learners in observing or manipulating real objects and materials they are studying. This helps 

learners to acquire scientific knowledge for themselves and aids memory. The Chinese adage 

‘I hear and I forget’ ‘I see and I remember’ ‘I do and I understand’ becomes relevant here.  

Woodley (2009) supports the use of practical activities in science education. The author notes 

that practical work enhances conceptual understanding by assisting learners to develop 

important scientific skills and to help them to understand the process of scientific inquiry. As 

highlighted earlier, scientific concepts are abstract and challenge meaning-making (Boo, 

2002). Abrahams and Millar (2008), elaborate that the purpose of practical work is to close the 

gap between the real world of objects, materials and events and the abstract world of thoughts 

and ideas. Embarking on practical work may be a prerequisite for learning to take place in the 

science classroom. 

Miller (2004) regards science as a body of consensually accepted knowledge about the natural 

world. To teach it is a goal oriented activity meant to bring learners’ ideas and understanding 

closer to those of the scientific community. Hence, Miller (2004) asserts that learning science 
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should be an induction into a particular view of the world. Miller (2004) adds that practical 

work is capable of developing learners’ scientific knowledge and as well as understanding the 

nature of science. 

Furthermore, Miller (2004) explains that in some classroom situations practical activities are 

essential and cannot be replaced. This is when practical work is used in science classes when 

learners have not seen the phenomenon before or have not observed it adequately to make 

meaningful sense in their everyday lives (ibid.). It follows that the use of practical activities 

may be a vital link between classroom science and learners’ every day prior knowledge. For 

example, a practical activity may be conducted to show the fermentation process (a chemical 

reaction) using traditional ways of brewing beer. Duckworth (1990) points out that the common 

aim of practical activities is making the learners think as well as to act. In addition, effective 

practical tasks are those that engage learners hands-on as well as minds-on (ibid.).  

According to Maselwa and Ngcoza (2003), the use of ‘hands-on’, ‘minds-on’ and ‘words-on’ 

practical activities enhance learners’ understanding of scientific concepts. Woodley (2009) as 

well as Miller (2010) posit that practical work is also a ‘hands-on’ learning experience which 

prompts thinking about the world and helps learners’ progress in science education. Woodley 

(2009) insists that effective practical activities build a bridge between what learners can see 

and handle (hands-on) and scientific aides that account for their observation (brains-on). This 

link results in sense-making as it connects the abstract with the concrete (Weick et al., 2005). 

According to Hodson (1996), the use of practical activities helps in the process of conceptual 

understanding. However, Hodson (1996) notes that conceptual knowledge and knowledge 

about procedures that scientists may adopt are insufficient in themselves to enable learners to 

engage successfully in scientific enquiry. Hodson (1996) believes in developing ability through 

the hands-on experience of doing science in a critical and supportive environment. 

Wellington (1998) posits that children have a natural curiosity of the world around them. Much 

of what they learn is by observation and manipulation of it in various ways. Tapping into their 

curiosity through practical activities is a noble thing as this allows them opportunity to extend 

their knowledge in a way which seems natural and developmental (ibid.). 

Gott and Duggan (1996) state that the teaching of science using practical work should be done 

carefully and with a clear purpose in mind of what needs to be achieved. A badly chosen 

practical exercise can be a waste of learners’ valuable time. This is supported by Miller (2010) 

who maintains that effective practical tasks may be used as a method to scaffold learners’ 
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thinking. This calls for effective planning on the part of the teacher. Planning is essential in 

how to use practical work as well as making it most effective. 

It is recognised, however, that some aspects of science education do not suit the use of practical 

activities. That is the reason why Hodson (1990) asserts that the use of practical work is a 

‘waste of time’. Hodson (1990) claims that most practical activities are ill-conceived, muddled 

and of little educational value. Hodson’s (1990) claim may hold water in instances when there 

is inadequate preparation for the practical task. The goal of doing practical work should be 

clear from the start. This calls for prior planning as learners are motivated to learn and be 

engaged in practical tasks when explicit instructions are given. 

While various teaching methods can be used in sense-making of scientific concepts, practical 

work has a key role, provided the type of practical work is selected carefully with a clear 

purpose in mind (Gott & Duggan, 1996). Practical work for its own sake is no longer sufficient 

justification and other vital strategies can be used to help learners understand science. However, 

the use of practical activities is still relevant today. Observable phenomena like a bubbling 

change, a smelly change or a change that gets hot makes sense to learners engaged in practical 

activities. These changes, sometimes accompany a chemical reaction, the next key concept to 

be explained.  

2.3.4 Chemical reactions 

Most teachers agree that chemistry is difficult for learners because of the abstract terms used 

to describe concepts in the subject. Nakhleh (1992) comments that understanding chemistry in 

the mediation of learning is not an easy task as learners find the terms difficult to grasp. In the 

same vein, Calik and Ayas (2005) note that because of its complexity to teach and learn, 

chemistry is among the most investigated topics. Johnson (2000) acknowledges that learners’ 

comprehension of concepts pertaining to chemical change is very poor. Nakhleh (1992) 

observes that many learners do not have proper understanding of basic chemical concepts from 

the start of their studies, hence they find the subject difficult in later years. 

In their study on learners’ conceptions of chemical change, Hesse and Anderson (1992) 

acknowledged the complexity of chemical change. They add that learners comprehend 

chemical reactions through observing phenomena such as fizz, explosion, or change of colour 

but have problems in describing these events in terms of the combination of elements (ibid.). 

The above findings are further justifications for this research which focuses on the difficulties 
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learners face when they are introduced to chemical reactions in the initial stages of their 

learning of chemistry. 

According to Hesse and Anderson (1992), chemistry is mostly the descriptions and 

explanations of chemical changes. They add that learners usually find it difficult to comprehend 

chemical changes as they happen in the natural world. This is supported by findings from a 

plethora of studies (Garnett, Garnett & Hackling, 1995; Johnson, 2000; Calik & Ayas, 2005) 

who have consistently indicated that there is poor understanding of chemical changes and 

confusion between physical changes and chemical changes. This confusion may be the reason 

why so few learners pursue Physical Sciences at Grade 10 (in our context) and later at tertiary 

level. Finding the subject difficult at an early stage of learning is quite de-motivating. Both 

physical and chemical phenomena have to be explicitly clear to learners from the beginning. 

Physical change or phenomena entails changes in the state of a substance that results in no new 

substances or substance being produced (Tsaparlis, 2003). Examples of physical phenomena 

include boiling, melting re-crystallization and breaking or deformation of a material. In a 

chemical phenomenon, however one (or more) new substances is produced (Tsaparlis, 2003). 

Examples of chemical changes include, burning, rusting of iron and action of an acid on a 

material. Some of the examples of physical and chemical changes are closely connected to 

everyday life experiences yet their everyday meanings differ from the scientific meaning. 

However, Hesse and Anderson (1992) indicate that everyday notions including the language 

of learners may impede or distort the meaning of scientific terms. In their studies, learners 

treated changes such as rusting as physical changes in form or state and in addition considered 

rusting as something like decay. Similarly, in studies conducted in Greece, the problem arises 

from the different use of the term ‘physical phenomena’ in everyday language as phenomena 

that occurs naturally (natural phenomena) (Tsaparlis, 2003). In colloquial Greek, ‘physical 

phenomena’ means natural phenomena, resulting in the interference of everyday language in 

the operation of scientific concepts (ibid.). 

The majority of students use everyday notions about burning instead of scientific concepts 

(Hesse & Anderson, 1992). Boo (2002) concurs that some learners thought that burning could 

take place without oxygen, because the everyday understanding of the term is catching fire. 

Underlying problems reside in some learners’ conceptualisation of burning that arises directly 

from a differing use of terms in science and everyday language. While ‘burning’ has a precise 

meaning to a chemist, in everyday language it is used to express a number of different ideas; 
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for example, set alight, catching fire, application of excess heat (sun-burn) and destruction by 

fire (ibid.). In addition, Johnson (2000) points that learners find it difficult to comprehend that 

a solid such as copper can combine with a gas such as oxygen. Consequently, the information 

that learners bring to the science lesson may make comprehension of scientific concepts 

complicated. According to Nakhleh (1992), physical and chemical changes are the foundation 

for understanding many chemical concepts. Johnson (2000) is of the opinion that the prior 

everyday knowledge chemical science learners bring in the classroom is crucial to their 

assimilation of scientific concepts. 

According to Nakhleh (1992), the information learners use to construct concepts comes from 

two sources. Namely public knowledge as presented in texts and lectures and informal prior 

knowledge from everyday experiences, parents, peers, commercial products and the common 

meanings of scientific terms. Nakhleh (1992) maintains that the occurrence of misconceptions 

may be due to the fact that learners have meanings for everyday words that are different from 

the scientific meaning. Hesse and Anderson (1992) note that many learners demonstrate a 

preference for explanations based on superficial analogies with everyday events (for example, 

rusting is like decaying) over explanations based on chemical theories. These preferences have 

led to loss of sense-making when learning science, particularly chemistry. 

Furthermore, Tsaparlis (2003) adds that learners intuitively make use of everyday ideas to 

explain chemical changes. In addition, learners maintain that something is conserved, despite 

changes in appearances. Studies done by Hesse and Anderson (1992) support this by 

identifying events where learners could not predict or explain mass changes in chemical 

reactions involving iron. In their study, learners treated chemical changes such as rusting as 

physical changes and failed to understand the role of reactants or products in the reactions (in 

this case gaseous). 

In their studies with different age groups, Stavridou and Solomonidou (1998) found that 14 and 

16 years old learners experience difficulties when trying to understand chemical reactions. 

They reported that the 14 years old learners did not understand chemical reactions as changes, 

but as ‘events’ with some phenomenological manifestations, e.g. colour changes, gas release 

and explosion and 16 years old learners found distinguishing between different kinds of 

changes difficult.  

Furthermore, Stavridou and Solomonidou (1998) state another misconception arising in the 

learning of chemical reactions when there are two products in the initial stage. Learners regard 
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this as a chemical reaction. Thus, the solution of sugar in water and the boiling of water are 

also regarded as chemical reactions when they are not. The reason learners develop this 

conception is because the majority of the examples of chemical reactions presented in 

textbooks or practised in school laboratories have two initial products. 

Nakhleh (1992) explains that most learners have a weak conception of the model of matter: 

matter composed of small, mobile particles such as atoms, molecules and ions. According to 

Hesse and Anderson (1992) for learners to be able to explain a chemical change, understanding 

of a variety of facts pertaining to the chemical properties of the substances involved is 

imperative. Hesse and Anderson (1992) add that using the word reaction by learners was 

regularly found in learners’ explanations, yet these learners demonstrated little understanding 

that reactions involve the interaction of atoms and molecules. Although learning of atoms and 

molecules are in the curriculum, most learners failed to invoke them as they have been 

emphasised in the chemistry course (ibid.). Tsaparlis (2003) notes other forms of 

misconception were taking the evolution of a gas and frothing as indicators of chemical 

reaction(s). These misconceptions of learners in learning chemical reactions require further 

attention in most textbooks as well as in the curriculum. 

Despite hiccups in prior everyday knowledge in making sense of chemical reactions, Anderson 

(1986) points out that learners understand something new with the help of existing knowledge. 

Anderson (1986) urges that the more teachers know about these conceptions, the better they 

are able to provide learning experiences that stimulate learners to modify their initial 

conceptions. This is in agreement with the constructivist view of learning. Anderson (1986) 

elucidates that using the constructivist view of learning, learners’ attempt to comprehend 

something new by assimilating it into existing cognitive structures. The new information is 

organised and by doing and talking as a necessary consideration, this leads to increased 

understanding (Ash, 2004). This entails careful use of language and setting of activities of the 

classroom in order to enhance meaning-making of chemical reactions. It also has implications 

for creating an environment where learners are given the opportunity to construct their own 

knowledge. This idea is explained in more detail in the discussion of the theoretical framework 

underpinning this study. 

Hesse and Anderson (2006) point out that not only environment changes that are necessary but 

changes are also needed in many aspects of chemical education, including textbooks, written 

materials, classroom teaching and teacher education programmes. Johnson (2000) lays the 
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blame for the difficulty in understanding chemical changes on curriculum designers for failing 

to deal properly with the relevant concepts. Johnson (2000) further argues that the curriculum 

does not address the key ideas that learners lack and need to develop in order to understand 

standard chemistry content. Furthermore, Johnson (2000) notes that something is missing in 

the teaching and learning of chemistry in schools when he observes that the curriculum is not 

designed from the perspective of the learner as it makes sense only for those who already 

understand chemistry. Johnson (2000) concludes his argument by stating that learners’ 

difficulties with chemistry are symptomatic of a curriculum where important ideas are missing. 

Thus, curricula should directly address key concepts to enhance meaning-making in science, 

which is a major component of this research.  

2.3.5. Meaning-making or sense-making in science education 

Mortimer and Scott (2003) write extensively on different kinds of interaction between teacher 

and learners (including those between learners) in science classrooms and how these can 

contribute to meaning-making and learning. They perceive the concepts as a dialogic process, 

where different ideas are brought together and acted upon. This happens when the teacher is 

working with learners in the class, a parent or an adult explaining something to a child or a 

group of friends conversing with each other.  Mortimer and Scott (2003) observe that new ideas 

are met first in social situations where the ideas are shared between people, drawing on a range 

of communication, such as talk, gesture, writing, visual images and action (ibid.) Vygotsky 

(1978) refers to these interactions as existing on the social plane. 

Mortimer and Scott (2003) further develop the idea of the social plane by stating that as 

individuals share and reflect during social interaction, the individual is able to make sense of 

what is being communicated. The words, gestures and images are used as tools for individual 

thinking. Thus, there is a transition from social to individual planes (Vygotsky, 1978). Thus, 

learners learn science as they interact with the teacher and each other on the social plane and 

finally make sense of scientific concepts as individuals. 

Mortimer and Scott (2003) argue that the process of internalisation by learners always involves 

working on ideas they already have. Meaning-making or learning progress is easy if there is no 

tension between existing and new views so sometimes conflict arises if new ideas need to be 

integrated into existing knowledge, and this calls for the dialogic process, through classroom 

talk. They urge that classroom talk matters as it is central to the meaning-making process and 

thus central to learning. Similarly, Weick et al. (2005) note that sense-making encompasses 
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transformation of circumstances into situations that are easily understood in words and that 

serves as a starting point into action. 

With this in mind, Mortimer and Scott (2003) point out that it is through  teacher and learner 

talk around the activities that science teaching and learning can occur as classroom talk enables 

the learners to engage consciously in the dialogic process of meaning-making and provides 

tools for them to think through scientific views for themselves. 

In addition, McRobbie and Tobin (1997) agree that if learning is regarded as a process of 

making sense of experiential reality in terms of existing knowledge, the role of the teacher is 

significant. This role must be directed toward influencing the experiential reality and providing 

opportunities for learners to bring forward their previous experience in the process of sense-

making. This could happen in a social constructivist environment where learners have control 

over their own learning (McRobbie & Tobin, 1997). They add that social constructivism 

recognises the importance of social and personal aspects of learning. They state that meaning 

is constructed by individuals as new information interacts with existing knowledge. This claim 

supports the importance of prior knowledge in the learning process, as discussed earlier in the 

study. 

Findings from studies conducted by Howe (1996), Stears, Malcolm and Kowlas (2003), 

Oloruntegbe and Ikpe (2011), Rennie (2011), and Kuhlane (2011) show that learners do not 

come into science instruction without any pre-instructional knowledge or beliefs about the 

phenomena and concepts to be taught. Duit and Treagust (2003) argue that learners hold 

deeply-rooted conceptions and ideas that are not in harmony with scientific views or are even 

directly opposite to them. They note that for meaning-making to take place in learners, their 

pre-instructional conceptual structures have to be fundamentally restructured. This enables the 

understanding or acquisition of science concepts. In order for this to happen, science teaching 

and learning should happen in a social constructivist environment. This study is informed by a 

theoretical framework of social constructivism, which is discussed below. 

2.4. Theoretical framework 

According to Mouton (1996), a theoretical framework guides and directs the research process. 

It provides a structure for organising and supporting the researcher’s ideas (Leshen & Trafford, 

2007). Merriam (2009) notes that all aspects of a research study are affected by its theoretical 

framework. This framework typically consists of a body of literature that can be drawn upon 
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in the research process and point the reader to the issue(s) being studied (ibid). The theoretical 

framework in this study is social constructivism.  

2.4.1. Constructivism 

Vygotsky (1962) believes that constructivist-based instruction places educational priorities on 

learners’ learning. Vygotsky (1962) views constructivism as a theory of learning that lays 

emphasis on the notions that people learn and acquire knowledge through active engagement, 

inquiry, problem solving and collaboration with others. Lending support to this perspective, 

Jones and Brader-Araje (2002) assert that the common thread that runs through the many 

definitions of constructivism is the concept that the development of understanding requires 

learners’ active engagement in meaning-making. 

Constructivist teachers recognise that by the time learners commence school, they have already 

acquired a huge knowledge bank for their own explanations of the world. They have picked up 

these ideas from all sorts of experiences, events, people, places and ever-present media. 

Constructivist learning theory recognises that learners come to chemistry lessons having 

alternative conceptions already formed because of the interaction they have had with the 

environment (Boo & Watson, 2000). Teachers should therefore be aware of the role of prior 

knowledge in learners’ learning and recognise that learners are not blank slates waiting to be 

filled with knowledge (Jones & Brader-Araje, 2002).  

Jones and Brader-Araje (2002) caution that learners bring to school a variety of preconceptions 

tied to prior experience that may be very resistant to change. These preconceptions are based 

on learners’ early experiences. Teachers should use several instructional strategies, starting 

with finding out what learners know, in order for understanding to take place. Teachers must 

not only elicit learners’ prior knowledge, but must also build on the concepts learners already 

have during instruction (ibid.).  

Language is key to the actualisation of conceptual growth to take place. (Section 2.3.2). 

Vygotsky (1978) reasons that the construction of meaning happens in a social context via 

language and through exchanges with other people, either directly or indirectly, via books, 

movies and so on. Children use language as a tool for problem solving (Vygotsky, 1978). 

Constructivism’s emphasis on the role of language in learning has shifted teachers’ teaching 

strategies toward a concentration on language as a tool in learners’ meaning-making processes 

(Jones & Brader-Araje, 2002). Learners solve practical tasks with the help of speech, as well 

as their eyes and hands (Vygotsky, 1978). 
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2.4.2. Social constructivism 

The most significant strand of social constructivist theory was introduced by Vygotsky in his 

notion of the ‘Zone of Proximal Development’ (ZPD). Vygotsky (1978) defines the ZPD as 

the “difference between the actual development reflected by individual problem solving and 

the level of potential development as mirrored by what a learner can do under teacher guidance 

or in collaboration with more able peers” (p. 86). Vygotsky (1978) observed that when children 

were tested on tasks on their own, they rarely did well as when compared with working in 

collaboration with an adult. For Vygotsky social relationships are crucial in the mediation of 

learning. Thus, social constructivism can be said to be the act of acquiring knowledge or 

making meaning in the course of social relationships. One important aspect of the social 

constructivist notion to note is that it consists of situated learning where learners are engaged 

in activities which are familiar and directly relevant to their real life, activities which happen 

within a culture related to an everyday setting (Brown, Collin & Duguid, 1989). 

Monyai and Nieman (2006) assert that social constructivism is an active process of constructing 

meaning. They note that learning is learner centred, social and occurs within a context. They 

emphasise the role of social process in learning, including group activities with peers. Learners 

should be given opportunities to construct knowledge as they interact in their social context. 

McRobbie and Tobin (1997) also recognise the importance of social and personal aspects of 

learning in social constructivism. They assert that meaning is constructed by individuals as new 

information interacts with existing knowledge. The quality of prior everyday knowledge is 

vital. If it is flawed, then misconceptions are likely to occur in the learning of science. 

Of central interest in social constructivism are its concepts of the involvement of learners, 

autonomy and relevance. McRobbie and Tobin (1997) insist on the involvement of learners in 

discussions with each other. They report that listening to and making sense of the ideas of other 

learners enhances learning. They further suggest active involvement in tasks associated with 

making connections with experience and extant knowledge. Bringing about change through 

these connections involves the use of language. McRobbie and Tobin insist that it is necessary 

to have a language of learning common to both the teacher and learners so that together they 

can discuss and understand issues in science learning. This development in communication is 

termed ‘talking science’ by Lemke (1990). It means doing science through the medium of 

language (ibid.), a significant theme in this framework. 

Additionally, McRobbie and Tobin (1997) maintain that in the social constructivist perspective 

on learning, learners should have control over their own learning. Our role as teachers is to 
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provide guidance and support to learners in the form of ‘scaffolding’ (Wood, Bruner & Ross, 

1976). This is “interactive verbal support provided by peers, teachers and family that guides a 

learner through the zone of proximal development (ZPD) and enables learners to carry out tasks 

that they would be unable to do without help” (Vygotsky, 1978, p. 86). The newly generated 

meanings are then actively linked to the learner’s prior knowledge base (Nakhleh, 1992). 

Constructivism emphasises the importance of scaffolding learners’ learning and encouraging 

their active involvement in a suitable environment so as to develop ‘new’ understandings or 

meanings in the science classroom (Donald, Lazarus & Lolwana, 2002; Monyai & Nieman, 

2006).  Donald et al. (2002) reiterate that scaffolding cannot be successful unless it connects 

with what is familiar to learners in their current environment. 

According to McRobbie and Tobin (1997), making the science curriculum relevant for all 

learners is essential. Learning is enhanced if learners can link what they know to what they are 

to learn. This link should be in terms of their everyday lives and interests. The CAPS document 

for senior phase aims to produce learners who understand the uses of Natural sciences and 

indigenous knowledge in society and the environment (DoE, 2011). The familiar form can be 

combined with unfamiliar content to facilitate the process of connecting in the ZPD (Donald et 

al., 2002). 

However, learners’ everyday experiences are not given much consideration in lesson planning. 

In most classrooms, teaching and learning are still teacher-centred. The teacher decides on 

which practical activities to do and what is going to be taught, on the time to learn and when 

to split into groups. Finally, the teacher decides on how and when to assess the learners’ 

progress. Traditional patterns of teaching like this should be shunned in favour of learner-

centred pedagogies. Prevalent strategies include forcing learners to memorise (scientific 

concepts), pushing them too fast to cover prescribed content in the curriculum, and assuming 

that the teacher is the only source of knowledge. Such strategies defeat the spirit of social 

constructivism. Learners should be given opportunities to bring forward their prior knowledge 

in the process of sense-making. 

Bodner (1986) insists that “anyone who has studied chemistry, or tried to teach it to others, 

knows that active students learn more than passive students” (p. 873). A social constructivist 

perspective on learning highlights the role of active involvement in tasks associated with 

making connections between experience and extant knowledge (McRobbie & Tobin, 1997). 

Donald et al. (2002) add that active learning needs to involve a variety of activities as what is 
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taught and how it is taught are equally important, and that both “learning and cognitive 

development are not passive but active processes” (ibid., p. 90).  

2.5. Concluding remarks 

The key conceptual frameworks discussed in the literature have pointed to the value of prior 

everyday knowledge in the learning of science. Practical activities, chemical reactions, 

language and science, meaning-making, prior everyday knowledge and the CAPS document 

have all pointed to the use of prior everyday knowledge as a tool to help enable the 

understanding of scientific concepts. Prior everyday knowledge may be flawed but its 

usefulness in the learning of science cannot be ignored. The proper use of language and 

practical activities, within an interactive environment, have emerged as key tools in the learning 

of chemical reactions. 

The theoretical framework of social constructivism was discussed and it emerged that learners 

construct their own knowledge when they are actively involved in science learning. Teachers 

should employ pedagogical methods that promote the active involvement of learners in their 

own learning. The social constructivist view of learning takes into account the quality of ideas 

learners bring to the learning environment. Learners’ experiences are largely determined by the 

language and culture with and in which they have grown up. 

The next chapter discusses the methodology employed in the study. 
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CHAPTER 3:  METHODOLOGY 

 

3.1 Introduction 

The goal of this study was to investigate how Grade 8 learners make sense of chemical reactions 

when using familiar resources, the intention being to improve the mediation of early learning 

of chemical reactions at high school level. The topic has proved to be challenging to learners 

and this may be a contributing factor as to why some learners shun Physical Sciences at Grade 

10 level. 

An interpretative paradigm was used together with a constructivist framework to study how 

Natural Sciences learners make sense of chemical reactions during lessons using familiar 

resources. The research project began with learners writing a diagnostic test in order to reveal 

their prior knowledge on the topic of chemical reactions. Based on their choice of answers in 

the diagnostic test, purposive sampling of learners was conducted to select learners that 

constituted the focus group. An intervention in the form of a participatory approach to teaching, 

involving the use of familiar materials, followed. The teachers’ lessons were videotaped and 

learners completed worksheets which were then analysed to identify how the learners make 

meaning of the concepts. The validation process was addressed using triangulation, checking 

interpretations with the focus group interviewed. Ethical considerations included anonymity to 

ensure confidentiality of participant’s identities.  

3.2 Research design and orientation 

The research occurred in two phases and adopted the mixed methods approach. According to 

Creswell (2003), collecting and analysing data using both qualitative and quantitative 

approaches is one of the defining characteristics of a mixed approach research. Cohen, Manion 

and Morrison (2011) confirm that a mixed method approach is an immersion of qualitative and 

quantitative data. Addressing the social processes was a crucial component of this study. 

The research used both quantitative and qualitative approaches as data was collected from 

diagnostic tests, completed worksheets during the interventions and in summative tests which 

were numerical. Terre Blanche, Durrheim and Painter (2007) argue that researchers within the 

quantitative paradigm deal with numbers and statistics as their data. Furthermore, the study 

employed interviews which are data collecting tools in qualitative research. The study made 

use of the interpretive paradigm. 
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3.2.1 Interpretive paradigm 

The research is a qualitative case study which aimed at attaining an understanding of the sense-

making of chemical reactions by learners within one Natural Sciences classroom. It employs 

an interpretive paradigm which focuses on individuals in order to understand the bigger picture 

(Terre Blanche et al., 2007; Cohen et al., 2011). In addition, McKernan (1996) further argues 

that the interpretative paradigm takes cognisance of the intricacies of the society which are read 

through the actions of the individuals. The use of the paradigm assisted the researcher in 

exploring how learners make sense of chemical reactions when familiar resources are used. 

In order to answer the research questions, lessons were presented and videotaped by the 

participant researcher. An interview with one focus group was conducted and videotaped by a 

Master of Education Rhodes University student teaching at the school. The original plan was 

to observe the participant researcher mediating learning, but she later changed her mind citing 

the fact that she found the strategy of parallel presentations of using familiar resources and 

conventional chemicals in the same lesson difficult. She suggested that the researcher rather 

teach the lesson while she videotaped it. Lessons were planned collaboratively as the researcher 

and the participant researcher intended to produce a unit of work on the topic at the end of the 

research process. 

Each lesson presented involved two steps. The first step was engaging learners in a lesson 

involving practical activities using everyday familiar resources. The second step was using 

conventional chemicals from the science laboratory. Learners completed worksheets after 

lesson presentations. Learners’ responses were analysed and a follow-up of responses was done 

using the focus group interview. 

The use of interviews was necessary in order to get the focus group to elaborate on their 

responses and constituted a source of data on the effects of learning using familiar resources in 

practical activities. The approaches were in line with the interpretive framework underpinning 

this study.  

Moll (2002) advocates a learning environment where learners construct knowledge in social 

settings which is part of a theory called social constructivism. Concurring with this idea, 

Creswell (2007) argues that personal meanings are negotiated historically and socially by 

individual learners as they interact with others. Moll (2002) emphasizes the role of social 

processes in learning, including group activities with peers. Moll (2002) argues that learners 

should be given opportunities to construct knowledge as they interact in their social context. 
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Learners were engaged in small groups and they were made to complete worksheets in order 

to obtain data and the learner worksheets, focus group discussions and interviews were vital 

sources of information. 

3.2.2 Qualitative case study research 

According to Merriam (2009), qualitative research attempts to decipher how people live their 

lives and interpret their experiences. Since one of the research question involved investigating 

meaning-making and understanding of concepts related to chemical reactions, this is consistent 

with a qualitative case study, where meanings are investigated. Within the research framework 

a case study approach was adopted. 

Creswell (2007) describes case study research as an in-depth analysis of a case under study 

over a stipulated period of time. Data gathered from the case is organised and arranged into 

themes for analysis. Cohen et al. (2011) perceive case studies as recognising and accepting that 

there are numerous variables in action in a single case, so catching the implications of the 

variables usually requires more than one tool for data collection and many sources of evidence. 

In this study, the researcher analysed learners’ worksheets, learners’ reflections, mind maps, 

conducted interviews with the focus group as well as a stimulated recall interview. The use of 

multiple techniques rendered a case study approach suitable for the research. 

Terre Blanche et al. (2006) indicate that modern case studies make use of video and audio 

recording devices to store data for further analysis. Case studies according to Cohen et al. 

(2011) are capable of penetrating situations in ways that are not always susceptible to numerical 

analysis. This is supported by Yin (2009) who affirms that case studies are capable of blending 

numerical and qualitative data. Case studies are models of mixed methods research as they are 

capable of illustrating, describing and enlightening so proved was appropriate for this research 

as it utilised a mixed approach to produce penetrating accounts of the actions and thoughts of 

learners during mediation of the topic chemical reactions. 

Freebody (2004) posits that the uniqueness of case studies is that they focus on one particular 

instance of educational experience and attempt to gain theoretical and professional insights 

from a full documentation of that instance. This study focused on meaning-making in the early 

learning of chemical reactions in Natural Sciences. Meaning-making is the most elementary 

part of the phenomenon studied described as the unit of analysis (Nachmias & Nachmias, 

1996). One Grade 8 class was the focus of the study; the case, and sense-making of some 

concepts of chemical reactions was the unit of analysis.  
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3.2.3 Designing a teaching unit of work 

Learning materials are central to instruction and one of the most vital influences on the 

mediation of learning (Kitao & Kitao, 2014). Kitao and Kitao (2014) suggest that it is only in 

using materials in teaching and learning interactions that the materials become ‘useful’ and 

meaningful. In this study, the researcher designed a teaching unit of work with the participant 

researcher as a tool in the mediation of the topic, chemical reactions. The unit of work was 

informed by the learners’ responses to the diagnostic test and the CAPS document.  

The unit of work consists of three lesson plans. They were designed to incorporate resources 

the learners were accustomed to and conventional chemicals in the same lesson. Parallel 

lessons were planned starting with the lesson using familiar resources, followed by a lesson 

using conventional chemicals. The reason for designing lessons that way was to check the 

impact of familiar resources and   conventional chemicals from a laboratory on sense-making. 

Learners were engaged in mediated activities in small groups. The following overview 

describes the constituents of the lessons in the unit of work: 

Lesson 1: Oxidation of iron and magnesium 

The lesson comprised two steps. The first step consisted of demonstrating the oxidation of iron 

using familiar resources. The researcher brought mathematical sets casings which were 

severely affected by rust together with cases which were new into the classroom. The apparatus 

showed learners an everyday example of chemical change. The mathematical casings are made 

of iron. Learners were engaged in a question and answer session about the rusting of iron, 

stating and explaining observations of the reactions. Prior everyday knowledge was elicited 

and integrated during the discussions. In the lesson iron was oxidised to iron oxide. 

The second step of the lesson involved learners in the practical activity of burning magnesium 

ribbon. Magnesium is a conventional chemical. The burning of magnesium helped learners to 

observe chemical change using conventional chemicals. Observations of chemical changes 

determine some characteristics that can be used as evidence of a chemical change. During the 

activity, learners shared their views in groups and were engaged as a class during question and 

answer discussions. They were given worksheets to complete questions on oxidation of iron 

and oxidation of magnesium (Appendix G1). 
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Lesson 2: The egg/vinegar reaction and hydrochloric acid/calcium carbonate reaction 

(Appendix H). 

An egg was placed in vinegar and left for a period of fifty hours. Learners could observe 

everyday chemical reactions. They were familiar with both an egg and vinegar. A parallel 

lesson on chemical reactions between a carbonate and an acid is prescribed in the CAPS 

document. Egg shells consist of 98% calcium carbonate and vinegar is an acid. Learners 

dropped a few drops of hydrochloric acid into powdered calcium carbonate. They shared 

observations and completed worksheets (Appendix H1). 

Lesson 3: Making lemon tea and blowing into clear limewater  

The lesson (Appendix I) required learners to observe colour change in both phenomena as 

prescribed in the CAPS document. Learners were required to make black tea and add lemon 

(everyday phenomenon). This was followed by the effervescing into lime water practical 

activity. Limewater is an example of a conventional chemical. Learners used plastic straws to 

blow bubbles into limewater in the test tube. Learners discussed whether the activities were 

examples of a chemical or physical change. Learners were also asked to share their 

observations about colour changes. Worksheets were completed at the end of the lesson 

(Appendix I1). 

The objective of designing the unit of work (Appendix R) was to support the mediation of 

learning of chemical reactions by addressing misconceptions identified in the diagnostic test. 

The unit of work is interactive in nature and recognises that learners’ conceptual knowledge of 

chemical reactions may be based on a model of learning in which learners construct their own 

concepts. This is in line with the theoretical framework of this study, social constructivism 

(Vygotsky, 1978), to be discussed in detail later. In addition, the unit of work was designed to 

answer the main research question on how Grade 8 learners make sense of chemical reactions 

when using familiar resources. The CAPS document challenges teachers to consider learners’ 

cultural context (DoE, 2011) during the teaching and learning process to assist conceptual 

understanding.  

The traditional curriculum focuses on the teacher rather than the learner (Donnelly & 

Fitzmaurice, 2005) and these authors recommend a shift from a teacher to a learner-centred 

curriculum. Thus, to fit with this, the unit of work incorporated practical activities using 

familiar resources as a teaching tool. It encourages learners’ deep engagement and gives them 

an opportunity to construct knowledge as they interact in their social context. The newly 
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generated meanings are then actively linked to learners’ prior knowledge base to assist 

meaning-making as described in the literature. The process of producing the unit of work was 

a difficult one. 

For instance, it was a challenge for the two developers to meet regularly as learners were 

writing examinations. Consequently, the researcher took the leading role in the designing 

process. A meeting was later arranged to amend the document. In designing the unit of work, 

the participant researcher and the researcher formed a community of practice.   This is a 

collaborative relationship attempted to address misconceptions in the early learning of 

chemical reactions via teacher interventions before they become problematic in later grades. 

3.3 Research goal and questions 

3.3.1 Research goal 

To investigate how Grade 8 learners make sense of chemical reactions during lessons using 

familiar resources. 

3.3.2 Research question 

Main research question: 

How do Grade 8 learners make sense of concepts in chemical reactions during lessons using 

familiar resources? 

Sub-questions: 

 How do Grade 8 Natural Sciences learners make use of prior everyday knowledge to 

construct their understanding of chemical reactions?  

 To what extent do practical activities involving familiar resources enhance or constrain 

the learning of chemical reactions in Grade 8 Natural Sciences lessons? 

 Which concepts related to chemical reactions do Grade 8 Natural Sciences learners find 

difficult? 

3.4 Research site and participants 

3.4.1 Research site 

The research site was Mazondo (pseudonym) high school, in the Eastern Cape Province. It is a 

public school with the majority of learners living in the township and a few coming from 

surrounding farms. The language of learning and teaching (LoLT) is First Additional English 

(FAL) and isiXhosa is the learner’s home language (mother tongue). 
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The selected school has a record of producing good results, far better than the under-resourced 

high schools in the Grahamstown district and learners at the school are encouraged to maintain 

high standards of academic performance by participating in after school lessons offered by 

Rhodes University. The majority of the teachers are qualified by South African standards. 

Where there is a teacher shortage, graduate unqualified teachers (without normative 

qualifications) are employed, especially when needed for teaching mathematics and first 

additional English. The school is well resourced with a fully furnished computer laboratory for 

learners. It was selected as the research site because of easy accessibility for the researcher. 

3.4.2 Sampling 

Two forms of sampling, namely, purposive and convenience sampling were used in the 

research. According to Merriam (2009), purposive sampling is closely linked to qualitative 

studies as it focuses on phenomena that occur in a natural setting. Additionally, Boeijie (2010) 

describes purposive sampling as a sample comprising the cases that will be investigated and 

are selected from a defined population. The sample was intentionally selected according to the 

needs of the study (ibid.). The purposive strategy also guided the choice of the participant 

researcher and the school. 

The rationale of choosing a Grade 8 class as the case was that it is here where the topic, 

chemical reactions is introduced.  

As mentioned above, it is essential that learners construct the appropriate understanding of 

fundamental chemical concepts from the very beginning of their studies (Nakhleh, 1992). 

According to Boeijie (2010), studying small samples enables an intensive study of cases and 

this generates large amounts of information from those who possess it. Furthermore, the 

sampling was purposive because a class that could benefit the most from this study was 

selected. Cohen et al. (2011) point out that during purposive sampling, hand-picking is done 

by researchers. The researchers decide who should be included in the sample on the basis of 

their judgement of their typicality or possession of the particular characteristics being sought. 

In this study, sampling was conducted based on the diagnostic test responses by learners. 

Chemical misconceptions and difficulties in recognising and describing physical and chemical 

change indicated some of the criteria for selecting learners with whom semi-structured 

interviews were conducted. Interviews were used as a tool to uncover misconceptions. 

The school was selected first so the Grade 8 teacher automatically became the participant 

researcher. The participant researcher has thirteen years of teaching experience, and holds a 
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standard teaching diploma (STD), Advance certificate (ACE) in science and Bed (Honours) in 

education. This is her second year of teaching Natural Sciences. Her subject specialisation is 

Life Sciences and she is accustomed to teaching grades 10-12 learners. She acknowledged that 

the chemistry component in Natural Sciences was new to her so the research study was 

advantageous to both the researcher and participant teacher. Convenience sampling was used 

in the study. 

Convenience sampling refers to choosing the sample according to easy access by the researcher 

(Cohen et al., 2011). Therefore a high school next to the researcher’s school was chosen on the 

basis of expediency. This in turn made the data gathering process easier as the researcher had 

convenient access to the school. 

The class comprised 32 learners, 18 girls and 14 boys. (Appendix B). Fourteen learners were 

involved in the pilot study during their Grade 7 year at the researcher’s school. They were 

involved in the writing of reflections on demonstrations of chemical reactions by the Chemistry 

Department of Rhodes University in order to gain insight into misconceptions as well as 

challenges faced when mediating the topic chemical reactions. Merriam (2009) advises that 

during an in-depth study of a case, a single case is sufficient. As the researcher was carrying 

out a case study for a half-thesis, a sample of thirty-two learners was considered adequate. In 

order to ensure that the study was trustworthy, however, several data gathering tools were used. 

3.5  Data gathering techniques 

In the first phase of the research, the researcher used diagnostic test responses, learners’ 

worksheets from presented lessons, summative test responses and focus group interviews 

(semi-structured and stimulated recall interviews) as data collection methods. In the second 

phase, a unit of work was developed to help the teaching of chemical reactions. 

The above techniques were used successfully and the data generated is discussed in the next 

chapter. The table below outlines the various stages of the research process. 
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Table 3.1 : Phases and stages in the data gathering process 

Phase 

one 

Methods used to gather 

data 

Data gathered Purpose 

1 Pilot study of diagnostic 

questions and interview 

questions 

Learner’s experiences 

and perceptions on set 

questions. 

To assess suitability and quality 

of questions. 

 

2 

Analysis of the diagnostic 

test. 

Learners’ prior 

knowledge on chemical 

reactions. 

To gain insight into the prior 

everyday knowledge on 

chemical reactions learners 

bring into the classroom. 

3 

 

Lesson presentation and 

analysis of worksheets. 

Learner’s meaning-

making of chemical 

reactions. 

To gain insight into sense-

making when learners are using 

practical activities on learning. 

To gain insight into the 

possibilities of intervention to 

improve the mediation of 

learning. 

4 Semi-structured interviews. Learners’ perceptions of 

mediation of abstract 

concepts in science. 

To gain insight into how learners 

make meaning in the learning of 

chemical reactions. 

5 Summative test. Learners’ responses on 

chemical reactions 

concepts. 

To gain insight of sense-making 

in the work completed by 

learners. 

6 Stimulated recall interviews 

while watching the video 

together with learners. 

Member checking. To gain in-depth understanding 

of meaning-making and to seek 

clarifications. 

Phase 

two 

Methods used to gather 

data 

Data gathered Purpose 

Stage 7 Development of unit of work. Improving the teaching 

of chemical reactions. 

Addressing misconceptions 

learners find challenging. 

 

The following paragraphs discuss the data gathering techniques in detail. 

3.5.1 Lesson presentation  

The researcher initially planned to be an observer while the participant researcher Mrs Lolo 

(pseudonym) presented the lessons on chemical reactions. The teacher had a change of mind 
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and asked the researcher to present the lessons while she videotaped them. She cited that as a 

Life Sciences teacher, she found the integration of prior everyday knowledge and presenting 

parallel lessons difficult. Therefore, we opted for the researcher to present the lessons while 

the participant researcher videotaped the lessons. This was not problematic as the focus of this 

study was on how learners make sense of concepts on chemical equations. 

Merriam (2009) proposes that the researcher begins by presenting two lessons to become 

familiar with the context, the learners and the activities. These were followed by three intense 

and targeted lesson presentations (ibid.). Parallel lessons were presented. The lesson on using 

familiar resources was presented concurrently with conventional chemicals. The following are 

brief descriptions of the lessons presented.  

Lesson 1: Oxidation of iron and magnesium 

The lesson was 45 minutes long. Learners were randomly divided into six groups of six learners 

each. Each group was given two mathematical sets casings to compare. One had rust (heavily 

oxidised) and the other set was still new (free from rust). The investigation of nail rusting is 

covered in Grade 5 (Intermediate phase CAPS document) and the time taken for rust formation 

is at least 3 weeks. The time factor for rusting to occur was the reason that the activity was not 

carried out during the study and why heavily oxidised mathematical set casings were used as 

familiar resources. 

Learners were asked to observe the two sets and to discuss their views on the differences in 

their groups. The interactive environment was characterised by dialogue between the teacher 

and learners and as well as learner-to-learner interactions. Well sequenced questions on the 

rusting process and its consequences were posed to engage the learners as they observed 

everyday chemical reactions on the resource (oxidised mathematical set casings). The purpose 

of the activity was to show learners a chemical change of iron into iron oxide using familiar 

material.  

The next step focused on specialist chemical change, using conventional chemicals. Learners 

had to burn magnesium ribbon in groups. Each group was given two pieces of magnesium 

ribbon hanging on pegs to burn on the candle flame. They were required to make a prediction 

and state their predictions on the worksheet. The awesome brilliant light of first burning drew 

everyone’s attention. It increased learner engagement as each group waited eagerly for burning 

to happen.  
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Disappointment was observed as some ribbons did not catch fire. Discussions followed as to 

why some did not burn. Ribbons had to be scratched with sand paper to remove the layer of 

magnesium oxide that was preventing ignition of the magnesium ribbon. The magnesium 

finally burnt. The concept of metal oxides was discussed as a follow-up to magnesium burning. 

Learners seemed to enjoy this activity very much, especially the brilliant light (that resembles 

fireworks) produced by burning magnesium. After burning magnesium, the lesson was 

discussed with the learners. The purpose of the activity was for the learners to observe a 

chemical change of magnesium to magnesium oxide using conventional chemicals.  

In both activities, visualisation was provided and the use of ‘hands-on’ ‘words-on’ and ‘minds-

on’ practical activities engaged the learners. Thereafter earners were given worksheets to 

complete.  

Lesson 2 (45 min): Reaction of egg in vinegar and of calcium carbonate in   

          hydrochloric acid 

The next lesson focused on chemical reactions involving substances in acids. Learners were 

asked to make their predictions of the reaction of an egg in vinegar. Thereafter, learners placed 

an egg in vinegar and left it for 50 hours. The experiment was left over the weekend and 

observations were done the following Monday.  Still in their groups, learners were asked to 

note and share their observations as a class. The researcher did not anticipate observations like 

‘blood vessels’ which were quite visible in some groups and the egg getting bigger. The 

purpose of the activity was for learners to observe everyday chemical reactions using familiar 

resources, vinegar and eggshells. Learners recorded their observations which included shells 

disintegrating in vinegar and the formation of bubbles. From their reactions, it was clear that 

learners were surprised by the outcome of the reactions as most learners had predicted that the 

egg would be ‘cooked’. All groups recorded bubble formation as an observable phenomenon.  

Since eggshells consist of about 98% calcium carbonate, a parallel lesson on the reaction 

between calcium carbonate and hydrochloric acid was given. Calcium carbonate and 

hydrochloric acid are examples of conventional chemicals. The groups of learners dropped a 

few drops of hydrochloric acid into powdered carbonate. They shared observations and 

completed worksheets with questions on egg and vinegar, and calcium carbonate and 

hydrochloric acid reactions. 

 



40 
 

Lesson 3 (45 min): Making lemon tea and blowing with a straw through clear limewater 

The researcher brought prepared black tea because of time constraints and poured 100cm3 of 

black tea into two 250cm3 beakers and gave it to each group. Each group was asked to add 

50cm3 of lemon juice to one of the beakers containing the black tea. Learners were asked to 

compare the colour change of tea in the two beakers and were asked to share observations in 

order to learn from one another.  

After the activity, learners were each given a plastic drinking straw and a test tube with 

limewater. They were asked to make predictions of what they would observe after blowing 

through limewater. After bubbling through limewater, learners observed colour changes and 

they discussed observations. They made drawings to show what was observed. Learners were 

given the opportunity to socially construct meaning during class discussions by asking them 

questions on observations and probing them further to provide explanations for their answers. 

Follow-up questions were asked to seek clarity on ambiguous responses and learners were 

asked to complete worksheets. 

A video-recorder was used by Mrs Lolo to record the phenomena under investigation.  

The final writing activity was the summative test (Appendix J) written in the next quarter, the 

fourth term, as learners were writing mid-year examinations. After the summative test, the 

researcher resumed data analysis of learners’ worksheets.  

3.5.2 Document analysis 

Documents can be the main source of data for a research study (Merriam, 2009). In this study, 

learners’ diagnostic tests, worksheets completed during the intervention process, learners’ 

reflections, mind maps and summative tests were used. Purposeful sampling was done to select 

an illustration of documents from learner’s responses. These provided insights into the prior 

everyday knowledge learners bring to the classroom as well as their misconceptions. The data 

was used to address concepts learners found challenging and to assist in scaffolding them 

during the lessons. The application of language by learners was noted and challenges 

addressed.  

Direct quotes were constructed from documents which were used for data analysis. The data 

was scrutinised noting how learners construct meaning from the concepts taught. Having 

accrued learners’ responses from diagnostic test, worksheets and summative test, interviews 

were conducted with the focus group as a follow-up to their responses in the worksheets. The 

learners’ work was used to supplement interviews. 
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3.5.3 Interviews 

An interview is defined as “a dialogue between the researcher and the research participant on 

a subject based on the study” (De Marrais, p. 55). In the study the researcher carried out semi-

structured interviews with a focus group and stimulated recall interviews (SRI). Miller, 

Blessing and Schwartz (2006) echo the value of the use of interviews. They argue that 

interviews provide a deeper understanding of specific aspects under investigation. Although 

interviews have their drawbacks, such as being dominated by a few in the case of face-to-face 

interviews, sometimes they are the only way to get data (De Marrais, 2004). There are different 

forms of interviews. 

3.5.3.1 Semi-structured interviews 

The use of semi-structured interviews was used to uncover how learners made sense of 

chemical reactions during lessons involving familiar resources. Semi-structured interviews 

according to De Marrais (2004) are essential when it is difficult to perceive attitudes such as 

behaviour, motives, feelings, intentions or how people interpret the world around them. Most 

qualitative studies employ semi-structured interviews (Merriam, 2009). They were used in the 

research as they afforded an opportunity to probe the participants’ responses, ask for 

clarification and follow-up questions.  

Probing questions were used to ensure the questions were answered as fully as possible. The 

interview schedule (Appendix L) had six open-ended questions which directed the interviewing 

process on the six learners who constituted the focus group. The interviews were face-to-face 

and were videotaped by another teacher at the school who is a master’s student. A pilot test of 

the interview questions was conducted with some learners. This assisted the researcher to 

restructure the questions after they were discovered to be colloquial. As a result of the pilot, 

the researcher had to increase the number of questions to ensure that all the research aspects 

were covered during the interviews. The use of focus group interviews using semi-structured 

questions was another vital strategy for data gathering as discussed below. 

3.5.3.2 Focus group interviews 

A focus group interview is described as an interview on a topic with a group of people who 

have knowledge of the topic (Krueger, 2008; Stewart, Shamdasani & Rook, 2006). Merriam 

(2009) regards it as a method of qualitative research where data collected is socially constructed 

within the interaction of the group. The focus group interview was conducted after 

administering the diagnostic and summative tests. Some of the open-ended questions required 

learners to elaborate on the reasons for their responses in the diagnostic test. Other questions 
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directly addressed the research questions. The proceedings were videotaped. The role of the 

researcher was to facilitate the dialogue and to try as much as possible to elicit in-depth 

responses from the learners. A tablet was used to record the proceedings which later provided 

the basis for the stimulated recall interviews. 

On two instances, the tablet indicated that its memory was full. This resulted in having to stop 

the interview to delete some content on the device. At each juncture before resuming the 

interview, the researcher recapped the topic before continuing. 

3.5.3.3 Stimulated recall interviews 

A stimulated recall interview is described as “an introspection procedure in which videotaped 

passages of behaviour are replayed to individuals to stimulate recall of their concurrent 

cognitive activity” (Lyle, 2003, p. 861). The rationale of this interview was to gain an in-depth 

understanding of how learners make sense of chemical reactions and to utilise the opportunity 

to provide clarity on the concepts. The videotape was shown to the focus group and questions 

requiring clarification were discussed. Raw data was critically analysed and clarifications 

sought for emerging points. The procedure was quite useful in the research process as the 

researcher managed to fill in gaps existing in the data. 

3.6 Data analysis 

The data sets consisted of transcribed interviews, a diagnostic test, learners’ worksheets 

(Appendix H), learners’ reflections, mind maps and a summative test. Merriam (2009) 

describes data analysis as the procedure followed in answering the research questions. The data 

was organised to ensure easy accessibility and interpretations. In this study, inductive analysis 

was applied (ibid.). This process began by labelling data sources. Texts were read through and 

the important texts underlined. Codes were used on response items. Coding is described as the 

process of organising data by identifying texts and writing words representing a category 

(Rallis & Rossman, 2012). The texts were read a second time looking at marked text and 

decisions were made about what category to assign it to. Emerging categories were listed on a 

sheet of paper and were checked in relation to the research questions. Analytical memos were 

drawn up whereby all data that fitted each category was organised into one place. Finally, an 

analytical memo was designed and all data categorised as reflected in Appendix (I). 

Cohen et al. (2011) concur that qualitative data analysis is the interpretation of organised data 

for meaning-making. The data was then categorised into themes. The recurring themes and 

critical points were then interpreted and discussed. To validate the data, the following process 

was employed. 
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3.7 Validity 

Validity is described as the degree to which an account accurately represents the social 

phenomena to which it refers (Silverman, 2010). The researcher had to carry out member 

validation. This is defined by Boeijie (2010) as the act of giving participants in a research study 

a chance to review and comment on the findings. In this study, follow-up interviews as well as 

stimulated recall interviews of videotaped lessons were conducted with the research 

participants to correct any misinterpretations. Member checking, by re-running the videotaped 

recorder with participants, was done to check that the researcher had not misrepresented them. 

Combining the findings from the interviews, worksheet responses and test responses was 

another method used to improve validity. This is termed triangulation of data which Creswell 

(2014) describes as collecting data from different sources and examining evidence from the 

sources to build a coherent justification for themes. In support of this Lincoln and Guba (1985) 

note that validity is strengthened by an audit trail of evidence. 

It is important to critically reflect on the influence of personal expectations and prejudices as 

the researcher was investigating one case study. Participation by the participant researcher 

played a role in establishing trustworthiness. The participant researcher assisted the researcher 

with videotaping lessons and the discussions of the interpretations. 

3.8 Ethical considerations 

According to Creswell (2014), consent is a priority in getting access to the participants and the 

research site. In this study, written consent was sought from the principal of the school involved 

(Appendix A); also, from the teacher participating in the research process (Appendix B). The 

consent letters are part of the appendices. Informed consent letters were signed by parents of 

the learners participating in the research since most learners were still minors (Appendix C). 

They were given to learners by the deputy principal of the school and assurance was given that 

all the information would be treated with confidentiality. This included the identity of 

participants and the data generated. 

The forms were in line with the dictates that call for the protection of human rights (Creswell, 

2014). In agreement, Terre Blanche et al. (2006) point out that the essential purpose of research 

ethics is to protect the research participants.  

The aim of the study was explained to all participants and pseudonyms were used for the school 

as well as for the teacher participant. Participants were informed that withdrawal at any point 

was allowed with no prejudice to them. During the research process, some learners were absent 
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in one lesson and present in the next. There was no consistency in terms of attendance. As a 

result, the average attendance per lesson was 32 learners. 

3.9 Limitations of the study 

Due to the small sample size and case study design, the findings of this study cannot be 

generalised. However, useful insights can be gained into how learners’ make sense of chemical 

reactions using familiar resources; as one of the strengths of a case study is that it depicts 

reality. It is recognised also that the use of recording devices such as a video camera might 

alter the behaviour of teachers and learners. However, the impact was minimised by prior 

exposure of the device to the learners before actual recording. 

3.10 Concluding remarks 

In this chapter, the researcher described the paradigm underpinning this study as well as the 

methodological orientation, namely, a mixed methods approach. The research questions were 

outlined and the research site described. Sampling procedures and data gathering techniques 

such as the analysis of a diagnostic test, learners’ worksheets, a summative test and interviews 

were also discussed. 

The analysis of data and validation as well as ethical issues were described and the researcher 

concluded by giving a summary of the limitations of the study. The next chapter presents data 

gathered using a variety of techniques.  
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CHAPTER 4:  DATA PRESENTATION AND ANALYSIS 

 

4.1 Introduction 

The goal of this study was to investigate how Grade 8 learners make sense of chemical reactions 

when using familiar resources. The study was conducted with the view of improving the 

mediation of learning. An interpretative paradigm was used together with a constructivist 

framework to study how Natural Sciences learners make sense of chemical reactions during 

lessons involving familiar resources. 

This chapter presents the findings from the data collection process used in this study, namely, 

learners’ worksheets, observations and semi-structured interviews with a focus group. 

Quantitative and qualitative results are presented. The quantitative results were derived from 

the diagnostic test, worksheet exercises from the intervention done and from the summative 

test. The qualitative data was derived from meanings, descriptions of the subject matter and 

observations. 

This chapter commences with an outline of the process of administration and thereafter, data 

from each technique is presented.  

4.2 Diagnostic test  

A diagnostic test (Appendix F) was administered to elicit the extent of learners’ prior 

knowledge. The questions were drawn from three sources namely; CAPS documents, 

textbooks aligned to the curriculum and readings related to chemical reactions. 

A pilot test was undertaken with 15 learners whose characteristics were reflective of those in 

the focus group. This helped to improve the wording, and ambiguous and irrelevant sentence 

structures were eliminated. Diagrams were added to some abstract questions and neutral 

options were eliminated together with some questions which asked learners’ general opinions. 

The pilot test contributed to contextualising the diagnostic test by making it learner friendly. 

Sequencing of questions 

Questions were set on everyday examples of chemical and physical changes. For each question, 

learners were required to justify their choice of responses by giving explanations. This was 

done in order to find out which of the concepts related to chemical reactions learners found 

challenging and to unearth the misconceptions they brought to the science classroom. 

Questions on specialist examples of chemical and physical changes were also posed. 
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The main research question is: How do Grade 8 learners make sense of chemical reactions 

using familiar resources? It was imperative that activities in the lesson plans were designed to 

check the impact of familiar resources and conventional chemicals by presenting parallel 

lessons using familiar resources to learners and conventional chemicals from the laboratory. 

The diagnostic test was administered to 32 Grade 8 learners. 

Quantitative data is presented in the form of tables and bar graphs for easy interpretation and 

qualitative results were used to collaborate the data. Both sets of data corroborate on the same 

research questions. The following table and graph shows the summary analysis of the 

diagnostic test. 

Table 4.1: Diagnostic Test Results 

Grouping Everyday example of 

chemical change 

Specialist 

example of 

chemical 

change 

Everyday 

example of 

physical 

change-

boiling 

Specialist example 

of physical change 

Everyday 

example of 

physical 

and 

chemical 

change 

Atomic 

Structu

re. 

Elements 

and 

Compounds 

Question 

No. 

1 2 8 12 14 15 3 4 5 11 13 9 10 6 7 

Correct 41

% 

25

% 

44

% 

56

% 

34

% 

31

% 

44

% 

31

% 

22

% 

34

% 

41

% 

25

% 

19

% 

56% 53% 

Incorrect 59

% 

75

% 

56

% 

44

% 

56

% 

69

% 

56

% 

69

% 

78

% 

66

% 

59

% 

75

% 

81

% 

44% 47% 

Percentag

e 

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
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Figure 4.1 : Diagnostics Test Results 

Data is presented thematically and the themes were intentionally drawn from learners’ set 

questions which are in line with the research sub-questions. The results show two broad themes, 

namely, everyday chemical change versus specialist chemical change and everyday physical 

change and specialist physical change. The relationship of the questions to the research 

questions led to the grouping as listed in Table 4.1 above. 

Most learners could answer questions on atomic structure, elements and compounds ‘fairly’ 

well. From the results of atomic structure, elements and compounds, it was assumed learners 

generally understood the basic concepts required for a conceptual understanding of chemical 

reactions; hence the intervention excluded such concepts. From the outset, learners found the 

meaning of scientific concepts related to physical and chemical changes, change of state, 

expansion and contraction, and oxidation of metals in chemical reactions difficult to construct 

precise meanings for. The concepts of burning, boiling and heating potentially interfered with 

comprehension of concepts related to the interpreting of chemical reactions. 

In an attempt to explain why the level of boiling water in the beaker decreased during heating, 

some learners wrote the following excerpts as their explanations: 

Learner: It’s because heat is the destroyer of particles… (Appendix M Diag: MS-1p2). Another 

learner wrote the following as an explanation for the melting of wax when warmed: 

Learner: It’s a physical change because when you light it goes down bit by bit (Appendix M 

Diag: NS-4p4)  

On the reason for expansion and contraction of materials the learner wrote the following 

excerpt: 

Learner: Iron ball shrinks when it gets cooled down (Appendix M Pilo: NS-5p1) 

On whether the mass of a nail left outside for a long time to rust increases or decreases when 

weighed on a scale, one learner wrote the following excerpt: 

Learner: Mass of nail decreases because the particles are broken down (Appendix M Diag: 

MQ-1p1).  

The above explanations, which are direct verbatim quotations, suggest that learners were 

operating in everyday contexts and that they link physical and chemical phenomenon to 

observable changes. Consequently, the researcher decided to undertake an intervention in the 
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form of taught lessons. Three lessons were structured in such a way that everyday chemical 

reactions and specialist chemical reactions, using conventional chemicals were taught 

concurrently (Appendices G-I). The part of the lessons on everyday chemical reactions was 

presented using resources familiar to learners and specialist chemical reactions in the parallel 

lessons using conventional chemicals. 

4.3 Lesson presentation 

In each lesson, two practical activities were given, one on everyday chemical change and the 

other on specialist chemical change using conventional chemicals. In both cases, learners were 

given an opportunity to engage in both practical activities, one after the other, and answer 

questions related to the work done on worksheets. The results from the exercises addressed the 

research question: Which concepts related to chemical reactions do Grade 8 Natural Sciences 

learners find difficult?  

The following table and graph shows an analysis of the worksheets results of the lesson on 

oxidation of magnesium. 

 

Table 4.2: Results of iron and magnesium oxidation 

 Everyday chemical change Specialist chemical change 

Questions 1. 

Defining 

rusting. 

2. Why 

rusting is 

not a 

useful 

reaction? 

3 How 

to 

protect 

things 

from 

rusting. 

4 

Factors 

that 

cause 

rusting. 

5. Make 

prediction 

if you place 

magnesium 

on flame. 

6. Naming 

of reactants 

of 

magnesium 

burning. 

7. Naming 

of products 

of 

magnesium 

burning. 

8. 

Explanation 

of changes 

of 

magnesium 

burning. 

9. 

Products 

and 

reactants 

in 

reactions. 

Correct 51% 29% 36% 86% 65% 58% 44% 44% 42% 

Incorrect 49% 71% 64% 14% 35% 42% 64% 56% 58% 

Percentage 100 100 100 100 100 100 100 100 100 
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Figure 4.2: Results of Iron and Magnesium Oxidation 

The results showed that most learners seemed to understand the explanation and factors 

affecting the rusting process when everyday chemical resources are used. This is shown by the 

high percentage (86%) being obtained using everyday chemical resources and a considerably 

lower result of 44% of the learners who could explain the change that takes place when the 

magnesium ribbon burned in the air. 

The factors that cause rusting were stated well and the results on the bar graph showed the 

highest percentage of correct responses on that item. Most learners mentioned the presence of 

oxygen and water in the rusting process. However, some learners were not precise in their 

definitions as they made sense of rusting as shown by excerpts from the worksheets below: 

Learner: Rusting is when a substance such as water and oxygen gets attracted to an iron or 

steel (Appendix N Wrk1: MS-2)  

Learner: Rusting is a chemical reaction which contains water and oxygen (Appendix N Wrk: 

ML-3). 

Other learners wrote the following responses: 

Learner: Rusting is when something becomes dull with brownish colour (Appendix N Wrk1: 

MQ-1) 

Learner: Rust is something that is old (Appendix N Wrk 1: MM-1). 
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Limitations of learners’ vocabulary seemed to hinder meaning-making in the above 

descriptions of rusting. The implications of this are discussed further in the next chapter. 

The following table and graph shows results from learner worksheets of the lesson on 

egg/vinegar and calcium carbonate/hydrochloric acid reactions: 

Table 4.3: Results of the exercise on egg/vinegar and calcium carbonate/hydrochloric 

acid reactions 

Grouping Everyday example of chemical change. Specialist chemical change. 

Questions 1a-

Observations- 

egg in vinegar 

1b– 

Reactants 

of 

egg/vinegar 

reaction. 

1c– 

Reasons 

for egg 

breakdown 

in vinegar? 

1d– 

Products in 

CaCO3/HCl 

reaction 

2a–

Observations 

in 

CaCO3/HCl 

reaction 

2b- Naming 

reactants in 

CaCO3/HCl 

reaction 

2c- Naming 

Products in 

CaCO3/HCl 

reaction 

2d- Signs 

showing 

reaction. 

Correct 56% 100% 71% 76% 56% 81% 69% 74% 

Incorrect 44% 0% 29% 24% 44% 19% 31% 26% 

Percentage 100 100 100 100 100 100 100 100 

 

 

Figure 4.3: Results of the Egg/Vinegar & CaCO3/HCl Reactions 
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The results showed that most learners understood the concepts taught when both everyday 

examples of chemical substances and conventional chemicals were used. However, what 

became significant about learners’ responses was they all stated the reactants of the egg and 

vinegar reaction. The percentage was substantially higher (100%) than when conventional 

chemicals were used (76%). Nonetheless, the fact that some of the learners could answer 

questions using specialist chemicals well was of relevance to this study. It was assumed that 

learners seemed to learn better when engaged in practical activities. 

From the learners’ worksheets, the following observations were made. Referring to the reaction 

of the egg in vinegar, some learners wrote the following excerpts: 

Learners: It starts to boil (Appendix O Wrk2: MB-2; MA-4; NA-3).  

Others wrote the following excerpt as observations: 

Learners: Egg getting bigger; egg breaks down (Appendix O Wrk2: ML-5; Appendix O Wrk2: 

MA-2) 

Precise scientific meaning was absent in the learners’ responses of reaction. Interpretations of 

the excerpts are given in the next chapter. 

The last lesson focused on how learners made sense of some observable phenomenon. The 

phenomenon investigated was colour change. Learners were to determine some characteristics 

that could be used as evidence of a chemical change happening. 

The following table and graph show results obtained from learner worksheets from the lesson. 

Table 4.4: Results of making lemon tea and of bubbling of carbon dioxide into limewater 

Grouping 

 

 

Specialist chemical change Everyday 

chemical change 

Everyday and specialist 

chemical changes 

 

Questions 1. i 

Observations. 

1. ii 

Explanat

ion of 

observat

ions. 

1.iii 

Namin

g of 

reacta

nts 

2. i 

Explan

ations. 

2. ii 

Observ

ations. 

2. iii 

Indicato

rs 

2. iv 

Definitio

n of an 

indicator

. 

2. v 

Chemica

l 

reaction 

and 

support 

reasons. 

Correct 94% 43% 91% 64% 97% 47% 17% 63% 
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Incorrect 6% 57% 9% 36% 3% 53% 83% 37% 

Percentage 100 100 100 100 100 100 100 100 

 

 

Figure 4.4: Results of making lemon tea and of bubbling of carbon dioxide into limewater 

The results showed that most learners could not answer questions on the ‘indicator’. However, 

more than half of the learners wrote correctly:  

Learner: Black tea is the indicator (Appendix O Wrk3: MA-1; MP-1: MN-1 etcetera). 

The topic on indicators was covered in Grade 7, term 2, under the topic acids and bases. Red 

and blue litmus papers are mentioned in the CAPS document for senior phase (p. 24) as 

examples of indicators. Learners seemed to lack prior knowledge related to indicators in this 

regard. The results also showed learners answering questions on observations well when 
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conventional chemicals were used, but the majority could not explain their observations 

clearly. 

The results addressed the following research question: Which concepts related to chemical 

reactions do Grade 8 Natural Sciences learners find difficult? 

The summative test was administered in the fourth term. The research process involving 

learners could not resume because of mid-year examinations. The vacation was a short break 

of about a week. After 15 days, the summative test was administered. 

4.4 Summative test  

A summative test (Appendix J) was administered to respond to the main research question: 

How do Grade 8 learners make sense of chemical reactions during lessons using familiar 

resources? The summative test assessed the effect of the unit of work and completed 

worksheets on sense-making of the learners. Learners’ free responses to questions showed how 

they constructed meaning and implications on sense-making. This helped to answer the main 

research question. Below are the results of the summative test. 

Table 4.5: Results of the Summative Test 

Themes A: Everyday 

CC: rusting 

Specialised 

CC: Mg 

burning 

B: 

Everyday 

CC: egg 

+ 

vinegar 

Specialis

ed CC: 

HCl + 

Caco3 

C: 

Everyday 

CC: Tea 

making 

Specialised CC: 

CaC03 + 

limewater 

Questions 1.1.

1 

1.1.

2 

1.1.

3 

1.7.

1 

1.7.

2 

1.7.

3 

1.5.

1 

1.5.

2 

10.

1 

10.

2 

1.8.

1 

1.8.

2 

1.4.

1 

1.4.

2 

1.4.3 

Correct 14

% 

50

% 

53

% 

22

% 

9% 20

% 

69

% 

54

% 

31

% 

11

% 

78

% 

57

% 

28

% 

15

% 

34% 

Incorrect 86

% 

50

% 

47

% 

78

% 

91

% 

80

% 

31

% 

46

% 

69

% 

89

% 

22

% 

73

% 

72

% 

85

% 

66% 

% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
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Figure 4.5 : Summative Test Results 

(a) The results show a comparison of two reactions, oxidation of iron and oxidation of 

magnesium. The table shows that learners could answer questions on oxidation of iron 

better compared with the questions on oxidation of magnesium. The learners identified 

rusting as a chemical change process. Heavily oxidised mathematical set casings 

brought to the classroom as examples of rusted materials assisted learners to respond 

well to questions. In spite of this, few learners (14%) could correctly define the term 

‘rusting’.  

(b) The results show that learners answered questions on the reaction between egg shells 

and vinegar better than those on hydrochloric acid (HCl) and calcium carbonate 

(CaCO3). More learners made accurate observations of the chemical reaction of the egg 

in vinegar.  

(c) The adding of lemon juice to black tea and blowing of carbon dioxide in limewater 

showed colour changes as evidence that a chemical reaction had occurred. The results 

showed that most learners understood the chemical change in tea making better than 
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the change resulting from blowing with a drinking straw through clear limewater. Many 

learners could describe colour change of black tea when lemon is added. Furthermore, 

57% of the learners correctly stated that the reaction of black tea and lemon juice is a 

chemical reaction. The results suggest that learners related well to everyday chemical 

change concepts. 

Table 4.6: Summative results of physical changes; Atomic structure; Compounds 

and elements and bonding 

Themes D: Physical 

changes-ice 

melting 

Physical changes-boiling 

water 

E: Atomic 

structure 

F: 

Compounds 

and 

elements 

G:Bonding 

Questions 1.2.1 1.2.2 1.3.1 1.3.2 1.3.3 1.3.4 1.9.4 11.2 11.3 11.4 1.9.3 1.9.5 11.1 

Correct 34% 11% 31% 6% 3% 53% 22% 41% 34% 28% 19% 22% 41% 

Incorrect 66% 89% 69% 94% 97% 47% 78% 59% 66% 72% 81% 78% 59% 

Percentage 100 100 100 100 100 100 100 100 100 100 100 100 100 

 

 

Figure 4.6 : Summative results of physical changes; Atomic structure; Compounds and 

elements and bonding 

 

(d) The majority of the learners could not answer questions on physical and chemical 

changes. Some learners (53%) could state that water vapour is in the clear bubbles of 

boiling water. Questions linked to concepts leading to understanding of chemical 
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reactions were not answered well. Although, learners performed well to questions in 

the diagnostic test, results of the summative test proved otherwise. These questions 

included concepts on the atomic structure, elements and compounds. The topics were 

taught before the research process. This may suggest a content gap on the part of the 

learners.  

Table 4.7: Summary of summative test of everyday examples of chemical change 

Themes Everyday:  

teeth cleaning. 

Everyday: 

decaying 

Everyday: 

ripening 

Everyday: 

cooking 

I: Particle 

model of 

matter 

J:Chemical reactions: 

signs. 

Questions 1.6.1 1.6.2 12.2 12.5 12.4 12.3 13.1 13.2 13.3 

Correct 34% 9% 19% 19% 47% 53% 38% 22% 22% 

Incorrect 66% 91% 81% 81% 53% 47% 62% 78% 78% 

Percentage 100 100 100 100 100 100 100 100 100 

 

 

Figure 4.7: Summary of summative test of everyday examples of chemical change 

 

(e) Selected questions which required learners to identify if every day phenomena were 

chemical changes were not answered well. The topics were taught before the research 

process. This possibly explains why learners could not explicitly state all signs showing 

that a reaction was occurring. 
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Table 4 8: Summary of summative test results of products/reactants and expansion 

  and contraction of materials 

Themes K: Chemical reactants/products L: Expansion and 

contraction 

Questions 1.9.1 1.9.2 11.5 

Correct 19% 13% 41% 

Incorrect 81% 87% 59% 

Percentages 100 100 100 

 

Figure 4.8: Summary of summative test results of products/reactants and expansion  

 and contraction of materials 

 

(f) Learners could not answer questions related to identification of products and reactants 

as well as questions linked to expansion and contraction of materials. The reason was 

possibly that they were no practical activities related to the teaching of the concepts. 

4.5 Focus group interviews (45 minutes) 

The focus group interviewees consisted of six learners who were purposively selected. In the 

diagnostic and summative tests the researcher came across responses related to the research 

questions. Six learners were selected to provide a follow-up on their given responses. 
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Consequently, the focus group comprised four girls and two boys. The learners were also 

comfortable conversing in the English language. 

The interviews were conducted in the classroom arranged for the purpose. A teacher at the 

school, who is a fellow Master of Education student, videotaped the proceedings using a tablet. 

Fearing that the research process could be compromised, the participant researcher could not 

be used as she is the subject teacher.  

As an ice-breaker, each learner was asked to share with the group their primary schooling 

experiences. Having observed that learners were relaxed, the researcher asked them why the 

topic on chemical reactions is regarded as difficult by some learners. Learner 1 (L1) who 

responded first said: 

L1:“The topic was new to them…” (Appendix L: L1). 

The researcher probed deeper about what the learner regarded as new and L2 said:  

L2:“Some words need a dictionary to understand them” (Appendix L: L2) 

When probed why it is difficult to follow the lesson, L5 said: 

L5:“Many scientific words teachers use, we don’t understand them. The words are ‘big’, for 

example, hydrochloric acid, photosynthesis and many others”. (Appendix L: L5). 

The entire group agreed with L5 remarks. Participants were asked what should be done and L3 

remarked that:  

L3: “Teachers should mix English and Xhosa to help us understand as these ‘rare’ words are 

a challenge for us. We lose interest in the learning process because of these ‘hard’ terms” 

(Appendix L: L3). 

The researcher asked a follow up question (question 2) for learners to describe what they 

thought of learning chemical reactions. L6 pointed out that: 

L6: “Teachers should use substances they see every day like the ones we were using. 

Substances we use at home to make learning of chemical reactions easier to understand” 

(Appendix L: L6 

 L1 echoed these sentiments:  

L1:”I will be focused on unfamiliar substances because I fear that it will damage my skin and 

not focussing on the lesson” (Appendix L: L1). 
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Learners noted that the use of resources they were accustomed to be the best way of learning 

chemical reactions. The researcher did not specifically ask the question: Do you find the use 

of familiar resources a useful way to learn chemical reactions? The learners had discussed it as 

the question was covered during questions 2 and 3 discussions. However, the learners were 

probed to add more. L2 said: 

L2:“Using what we know like eggs and vinegar made us discover what we did not know” 

(Appendix L: L2).  

Like what? The researcher probed. 

L2: “Like vinegar is an acid”. 

Teacher: What does an acid do?  

L3:”It makes egg shell to dissolve (Appendix L). 

 L3 joined in the discussions.  

On the last question which read: Do the learners find the use of practical activities in the 

learning of chemical reactions useful or not? The learners gave the following responses:  

L4: “Practical activities make science easy as practical activities are easy to follow. I enjoy”. 

L1: “We see what we are doing and practical activities help us to develop more knowledge”. 

L6: “Easy to remember and help us to handle substances such as acids”. 

L3: “Practical activities link things we know with sciences in the classroom and makes science 

fun to do”. 

L5:”Practical activities help us to know substances that react and those that do not”. 

(Appendix L) 

The interview took longer than 45 minutes because of probing done to seek clarity. 

4.6 Concluding remarks 

In this chapter the researcher presented and described the data generated from the diagnostic 

test, learners’ worksheets, summative test and focus group interview. Analysis of data from 

such documents revealed that learners’ ability to precisely express scientific concepts is 

limited. Semi-structured interviews with the focus group revealed the challenges that learners 

face and described the best ways of learning about chemical reactions. 
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A number of factors influencing how learners make sense of chemical reactions using familiar 

resources were highlighted. In the next chapter, data in this chapter is further analysed and 

presented using analytical statements based on the data. 
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CHAPTER 5: INTERPRETATION AND DISCUSSION OF FINDINGS 

 

5.1 Introduction  

In Chapter 4, the researcher presented narratives constructed from the data captured using four 

data gathering techniques namely, a diagnostic test, learners’ worksheets, a summative test and 

semi-structured interviews with a focus group. In this chapter data is interpreted and discussed 

with the intention of gaining a deeper insight into how learners make sense of chemical 

reactions when familiar resources are used. 

Analytic memos (Appendix I) were constructed from the data gathered in which data was 

grouped into categories which were derived from the themes that emerged from the data. 

Furthermore, from the analytical memos, analytical statements were inductively developed in 

relation to the research questions guiding this study.  

The discussion of the analytical statements is underpinned by literature, theory and personal 

view points. From the discussion, concluding remarks and recommendations regarding how 

learners make sense of chemical reactions when familiar resources are arrived at.  

The following are the research questions that guided this study: 

1) How do Grade 8 learners make use of prior everyday knowledge to construct their 

understanding of chemical reactions? 

2) To what extent do practical activities involving familiar resources enhance or constrain 

the learning of chemical reactions in Grade 8 Natural Sciences lessons? 

3) Which concepts related to chemical reactions do Grade 8 Natural Sciences learners find 

difficult? 

This chapter attempts to make sense of the learners’ responses, always being conscious of the 

patterns that emerged in order to gain a more comprehensible trend of what was investigated. 

In view of the research questions above, three analytical statements were developed for analysis 

as shown in Table 5.1 below: 
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Table 5.1: Analytical statements 

 

Data source Theme Analytic statement Research 

question(s) 

addressed 

Learners’ 

Worksheets, Pilot, 

Diagnostic 

Summative tests 

and Concept 

maps. 

Everyday notions of oxidation of metals Sense-making in relation 

to applying prior 

knowledge practices. 

1 

 
Uses of everyday prior knowledge to 

explain scientific concepts. 

Prior knowledge concepts culminating in 

chemical reactions understanding. 

Atoms as building blocks of matter. 

Responses linked to change of state. 

Learners’ 

Worksheets, 

Summative test, 

Concepts maps 

and reflections. 

Responses due to learner observations of 

practical activities. 

Sense-making in relation 

to interpreting 

observations of practical 

activities 

2 

Pilot, Diagnostic 

and Summative 

tests; Reflections 

on Concepts maps 

and Focus group 

interview. 

Learner descriptions of physical 

phenomena. 

Concepts found 

challenging by learners 

and their responses after 

mediated activities by a 

teacher. 

 

3 

Learners’ description of chemical 

phenomena 

Responses may indicating conceptual 

challenge in learners. 

Responses indicating conceptual grasp of 

chemical reactions. 

Responses linked to reactants and products. 

Responses linked to the use of familiar 

resources. 

 

5.2 Analytical Statement 1:  

Sense-making in relation to applying prior knowledge practices (Appendix N) 

 

The analytical statement 1 showed how sense-making was hindered by learners applying prior 

knowledge from concrete observed experiences to the abstract world of science. Everyday 

notions of oxidation of metals were discussed followed by uses of everyday prior knowledge 

to explain scientific concepts. 
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Everyday notions of oxidation of metals 

Results from learners’ worksheets about rusting indicate that their definitions and descriptions 

of iron rusting are not scientifically precise as shown by the excerpt below: 

Learner: Rusting is when a substance such as water and oxygen gets attracted to an iron or 

steel (Appendix N Wrk 1: MS-2). 

According to the constructivist learning theory which underpins this study, learners come to 

chemistry lessons having accrued misconceptions during their interaction with the world (Boo 

& Watson, 2000). Misconceptions can occur when learners arrive at school with an 

understanding of the meanings of everyday words that differs from the scientific meaning as 

highlighted earlier (Nakhleh, 1992). In the excerpt above, the word ‘attracted’ is a commonly 

used word that has an everyday meaning different from its scientific meaning. As a result, the 

response indicates ambiguity of meaning because of the word ‘attracted’ being placed in the 

definition. Although the learner highlighted the conditions for rusting to occur, namely, the 

presence of oxygen, water and iron or steel, meaning-making has been hindered by a semantic 

error. 

Responses also show evidence of the use of perceptual thinking instead of conceptual thinking 

(Boo, 2002). The excerpt indicates that water and oxygen settle down on iron or steel for rusting 

to occur. The learner is using everyday notions about attraction, a physical phenomenon in 

magnetism. The learner is using reasoning that is more appropriate for physical changes to 

describe a phenomenon in chemical reactions. 

Another learner wrote: 

Learner: Rusting is when something becomes dull with brownish colour (Appendix N Wrk 1: 

MQ-1) 

Learners do not often consider a chemical reaction as the complete transformation of matter 

itself, but as only change in appearance or a change in the state of matter (Eilks et al., 2007). 

This change in appearance, regarded as operating on phenomenological level by Eilks et al. 

(2007) is dominated by everyday perceptual clues (Boo, 2002). The learner is applying 

everyday knowledge without engaging precise scientific meaning. Learners have failed in their 

sense-making to focus on the metal exposed to oxidation elements, which is oxidised to give a 

product of a different colour. 

Uses of everyday prior knowledge to explain scientific concepts 

In their endeavour to describe the reaction of the egg and vinegar, learners wrote the following 

excerpts in their worksheets and concept maps: 
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Learner: It starts to boil (Appendix N Wrk 2: MB-2; MA-4; NA-3) 

Learner: The egg is eaten up by vinegar until it is soft (Appendix N Cm: NL-1) 

What emerges from the learners’ response is interference of everyday language in meaning- 

making of scientific concepts as highlighted earlier. Learners lack the appropriate vocabulary 

to describe observable phenomenon in the reaction of vinegar and the egg. They use the term 

boiling frequently as it is used in everyday language. In addition, they are familiar with many 

common everyday experiences where the term ‘boiling’ is used.  

Boiling, as well as eaten in the excerpts, is part of everyday life and learners’ view of it is 

dominated by everyday perceptual clues, for example gas formation in boiling water (Boo, 

2002). Again, learners are applying prior knowledge from observed concrete experiences to 

the abstract world of science. Hence, one of the first considerations by teachers when 

introducing new information to learners should be the establishment of the extent of the 

learners’ prior knowledge (Meyer, 2004). Misconceptions that they arrive with should be 

addressed. 

5.2.1 Prior knowledge concepts culminating in understanding of chemical 

reactions understanding (Appendix P) 

The above statement considered some concepts learners should have prior to the introduction 

of chemical reactions. These concepts include the structure of the atom and changes of state. 

Responses linked to atoms as building blocks of matter were discussed as well as responses 

aligned to change of matter. 

Atoms as building blocks of matter 

Without a thoughtful consideration of the kinetic theory of matter, many topics in chemistry 

do not make conceptual sense and are learned by rote (Nakhleh, 1992). Some concepts are 

building blocks to understanding chemical reactions and failure on the part of the learner to 

assimilate them results in them not understanding chemical reactions. The following are some 

extracts from the learners: 

Learner: All matter is made up of the smallest building blocks called mixtures, they are 

everywhere in the food we eat (Appendix P Diag: MN-2p2). 

Learner: Atoms are everywhere in the food we eat, they got oxygen that comes from plants 

(Appendix P Diag: NL-1p3).  

The researcher’s first assumption that learners did understood the concepts on atomic structure 

and elements and compounds that culminate in understanding of chemical reactions, proved to 

be wrong. In Table 4.1, 56% correct responses were recorded on atomic structure and 53% on 
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elements and compounds respectively during the diagnostic tests. The above percentages 

dropped significantly on the summative test (Table 4.6). The results indicate that learners 

memorised concepts from texts without real understanding (Eilks et al., 2007). 

Responses linked to change of state of matter 

Change of state is a concept taught in Grades 4, 6, 7 and Grade 8. Learners were asked to state 

whether given changes of state were chemical changes or not and to justify their responses. 

The following excerpts help to comprehend how learners make sense of chemical reactions in 

relation to changes of state: 

Learner: Chemical change as wax has changed its form, to become water because it melts 

(Appendix P Diag: NL-1p4). 

Learner: Chemical change because wax change to clear liquid (Appendix P Summ: MS-5). 

Change of state, especially melting of ice to evaporation is a concept taught to learners so that 

they are able to differentiate between chemical and physical change. In the above excerpts, 

learners wrongly categorised physical phenomenon as chemical. 

What emerged was that learners do not often consider chemical reactions as complete 

transformation of matter itself, but as only change in its appearance or a change in state; as 

highlighted earlier, (Eilks et al., 2007). Learners did not understand the difference between 

physical and chemical change. This hindered conceptual understanding of chemical reactions. 

The CAPS document for senior phase does not explicitly introduce the idea of physical and 

chemical changes in the early stages of chemistry instruction. The concepts are not stated as 

ideas that need to be targeted in teaching. Learners’ difficulties with chemistry are symptomatic 

of a curriculum where important ideas are missing (Johnson, 2000). The content gap in the 

curriculum could be another reason to explain the learners’ inadequate understanding of the 

concept of chemical reactions.  

Boo (2002) suggests that a basic understanding that physical changes (for example, state 

changes) can co-exist with chemical changes is fundamental. This may assist to avert the 

common misconception shown by the two extracts above. 
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5.3 Analytical Statement 2:  

Sense-making in relation to interpreting observations of practical activities (Appendix 

O) 

 

This analytical statement showed how learners used practical activities to comprehend 

scientific concepts and how the activities that were carried out contributed to sense-making of 

observable phenomenon. The power of practical work is elaborated and justified below. 

A considerable number of authors (Gott & Duggan, 1996; Tiberghien, 2000; Miller, 2004; 

Woodley, 2009) have considered the strength of practical work in school science. The authors 

have expounded on the power of practical work to help learners to acquire scientific knowledge 

for themselves and remember it better. In some classroom situations, practical activities are 

indispensable and irreplaceable (Miller, 2004). 

Results from excerpts in Table 4.3, in Chapter 4, showed that learners stated correctly 

observable phenomena required. The excerpts are: 

Learners: I have observed bubbles (Appendix O Wrk 2: MA-1; MK-1; etcetera) 

The majority of the learners (56%) wrote this for questions 1(a) and 2(a) correctly. From Table 

4.4, question 1(i), 94% of the learners wrote correctly: Changing the colour as observable 

phenomenon for the question. On question 2(ii) requiring observations for everyday chemical 

change, the percentage increased to 97%. 

The above results indicated that engaging learners in practical tasks enhances conceptual 

understanding. Learners worked in groups with peers (Moll, 2002). They listened to and made 

sense of the ideas from other learners. Learners were asked to share observations and to think 

about observable phenomenon. This is in line with social constructivism; the theoretical 

framework for this study asserts that learners construct their own knowledge when they are 

actively involved in science learning (Vygotsky, 1978). 

Learners in the focus group interviews commented on the significance of practical work as 

demonstrated in the following excerpts: 

Learner: Teaching using practical activities makes science easy to understand (Appendix L: 

L1). 

Learner: The challenges that I face are when the teacher does not make examples and when I 

don’t see the real things that we learn about (Appendix Q Refl: NS-5) 

Learner: We can see things changing (Appendix L: L3).  
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Learner: Learning is easier when doing practical work (Appendix L: L5). 

The excerpts showed the need to carry out practical tasks and this in turn demands effective 

planning if practical tasks are to engage the learners holistically. Maselwa and Ngcoza (2003) 

recommend the use of ‘hands-on’, ‘minds-on’ and ‘words-on’ practical activities in order to 

enhance learners’ understanding of scientific concepts as this is a holistic activity. Effective 

practical activities build a bridge between what learners can see and handle (hands-on), and 

scientific aides that account for their observation (brains-on) (Woodley, 2009). 

Based on the above arguments, learners were engaged in practical activities involving examples 

of everyday chemical changes using familiar resources, for example, vinegar and on specialist 

chemical changes using conventional chemicals, for example, hydrochloric acid as highlighted 

in Chapter 4. The activities were designed to assess the impact of everyday chemical changes 

by giving another example, specialist chemical change. Both activities were tested to check the 

effect of how learners make sense of chemical reactions using familiar resources. The results 

showed inclusion of everyday contexts as a strategy for teaching science assisting meaning-

making of scientific concepts (Kasanda et al., 2005). 

Also, engaging learners in social contexts is in line with social constructivism, the theoretical 

framework for this study. Here emphasis is placed on learners’ activities which are directly 

pertinent to her/his real life and takes place within a culture parallel to an everyday setting 

(Woo & Reeves, 2007). 

Further findings from semi-structured interviews with the focus group indicated that the use of 

practical activities in the learning of chemical reactions enhances learning. Learner 5 noted 

that:  

L5: Practical activities help us to know substances that react and those that do not (Appendix 

L: L5) 

Having this knowledge is crucial as science is everywhere. Reactions in the environment are 

either chemical reactions or physical. In chemical reactions, new substances are formed (Eilks 

et al., 2007) and these make the bulk of the major substances that sustain us. On the other hand, 

chemical reactions may cost the country millions of rands annually trying to curb rusting or 

corrosion of substances.  
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L1 asserted that:  

L1: We see what we are doing and practical activities help us to develop more knowledge 

(Appendix L: L1). 

The learner pointed out that those practical activities helped them to comprehend the reality of 

the phenomenon and to remember scientific concepts better (L6). This view is reinforced by 

Wellington (1998) who observes that learners have a natural curiosity of the world around them 

and much of what they learn is by observation and manipulation. Consequently, tapping into 

learners’ curiosity through practical activities allows learners to extend their knowledge in a 

way that is natural and developmental (ibid.).  

5.4 Analytical Statement 3:  

Concepts found challenging by learners and their response after mediated 

activities by a teacher (Appendix M) 

 

This analytical statement describes what learners wrote about their understanding of physical 

and chemical changes. In the process of making sense of physical and chemical changes, 

responses indicating conceptual challenges in learners were noted. Also, learners’ response 

after mediated activities in the form of practical activities using familiar resources by teacher. 

A number of authors (Hesse & Anderson, 1992; Tsaparlis, 2003; Eilks et al., 2007) argued that 

learners (aged 12 -18) tend to be confused by physical and chemical changes. The evidence 

from this study indicates that learners have limited understanding of the differences between 

physical and chemical changes. Examples were cited in Chapter 4 which supports this 

contention. Some learners’ responses are highlighted below for discussion and analysis. 

Responses included explanations given by learners when required to identify as well as to 

justify their choices of physical and chemical changes. The next section starts by analysing and 

interpreting learners’ descriptions of physical phenomena. 

Learners’ descriptions of physical phenomenon 

The following excerpt was extracted from a learner who explained why the level of boiling 

water in the beaker decreased during heating: 

Learner: It’s because heat is the destroyer of particles… (Appendix N Diag: MS-1p2) 

The above excerpt shows the learner’s difficulty in conceptualising physical and chemical 

changes. Drawing from the work of Stavridou and Solomonidou (1998), learners aged 12-18 

find the distinction between physical and chemical phenomena difficult. The authors mention 
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that the distinction is more complex than what practitioners and science textbook authors 

presently concede. The response by the learner on why the level of water in the beaker goes 

down if kept boiling for a long time, does not indicate an understanding of the change of state 

involved. Stavridou and Solomonidou (1998) acknowledge that the heat semantic is used by 

younger learners before they have received any chemical change instruction and used by older 

learners about to finish secondary school. The results of this study indicate misconception of 

everyday meanings different from the scientific meaning (Nakhleh, 1992). Everyday meaning 

of words interfered in sense-making as learners could not give precise the scientific meaning.  

Words like boiling and melting have been specifically noted. On melting of wax when warmed, 

a learner wrote: 

Learner: It’s a physical change because when you light it goes down little by little (Appendix 

M Diag: NS-4p4). 

Although the learner could state that melting of white wax was an example of physical change, 

a sound understanding of the concept was lacking. Interestingly, the learner was describing the 

change of state process from solid wax to liquid wax as going down bit by bit. The use of 

everyday experiences of observing solid wax melting to form liquid wax was used by the 

learner to describe the melting of wax. Eilks et al. (2007) point out that personal experiences 

usually constitute the main source of problems experienced by learners to describe any 

conceptual difficulties, inconsistent with the accepted scientific definition. The learner 

provided a descriptive statement of observations of everyday experiences.  

Everyday experiences also interfered with sense-making in the following statement: 

Iron ball shrinks when it got cooled down (Appendix M Pilo: NS-5p1) 

This was the reason given for the question on expansion and contraction of materials. The 

learner found it difficult to explain expansion and contraction of materials. Eilks et al. (2007) 

note that concepts of matter and its properties have to be properly introduced in early chemistry 

teaching prior to introducing chemical and physical changes. This may curb semantic problems 

in the use of everyday words to describe scientific concepts. Furthermore, they note that the 

delayed introduction of the particle model of matter may consolidate learners’ naïve conception 

about physical and chemical changes. Thus, particle model of matter may not be an equally-

valued basis for learners’ interpretation of phenomena. According to Eilks et al. (2007), 

learners will attempt to explain most phenomena on the macroscopic level without the 
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particulate level. Attempting to explain phenomena at the macroscopic level is noted on the 

excerpt below as the learners attempt to describe a chemical phenomenon. 

Learners’ descriptions of chemical phenomenon 

Copper roofing are burned by sun and heat (Appendix M Diag: MA-1p1; ML-5p1; etc ;.) 

Based on literature describing similar studies, interference of learners’ experiences of everyday 

words; burning and heating, makes it difficult to conceptualise the chemical change happening. 

Boo (2002) notes that the majority of learners (aged 11-12) use the everyday notion about 

burning instead of the scientific concepts when describing chemical reactions. Learners are 

using knowledge captured in the language used in daily talk to describe the change in 

appearance for copper roofing. 

Similar studies by Nakhleh (1992) on the appearance and disappearance of substances in a 

chemical reaction show that learners’ answers indicate that they think that the material (copper 

roofing in this case) has been modified. Learners argue that what seems to be a new substance 

is in reality the original substance in an altered form. Copper has simply turned dark due to 

heat (ibid.). The implication for this is that learners lack an understanding of the conceptions: 

that copper and oxygen have reacted to form copper oxide. That results in the greenish colour 

on the roof. 

Responses indicating conceptual challenge in learners 

Data collected from learners’ reflections and from semi-structured interviews with the focus 

group indicates that learners experience difficulties with the language of learning and teaching 

(LoLT) and the language of science. Language was not intended to be a factor under 

investigation in this study but was found to be significant. Learners cannot make sense of 

scientific concepts if they are challenged in the LoLT and the language of science. “Sense-

making is an issue of language” (Weick et al., 2005, p. 409).  

The following are learner excerpts from the focus group interviews and learner reflections 

regarding language: 

L5: Many words teacher use, we don’t understand them. The words are big for example, 

hydrochloric acid, limewater and many others (Appendix L: L5). 

Learner: We memorise words and soon forget them (Appendix M Refl: MS-5). 

L 3: Teachers should mix English and Xhosa to help us understand as these rare words are a 

problem for us. We lose interest in learning because of these hard words (Appendix L: L3). 
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In view of the above comments on language problems, the researcher highlighted that language 

is an indispensable instrument in the promotion of learning (Section 2.3.2). That is, we 

communicate and understand our world through language. Much of human thought occurs 

through it (Vygotsky, 1978). It follows that the capability of learners to think and learn depends 

on their ability to use and understand this crucial medium. 

It is evident from the excerpts that if learners are not taught in a language they understand, 

mediation of learning may become very complicated. The use of English as the sole medium 

of instruction, is a real possibility to explain the poor performance of learners in science 

(Appendix L: L2; Appendix M Refl: MS-5). Language provides a medium for meaning-making 

and for interactions between the teacher and the learner. This interaction takes place in an 

interactive environment as envisaged by social constructivism, the theoretical framework of 

this study. 

Also evident from Appendix M Diag: MS-1p2; Appendix M Refl: MA-4, learners are challenged 

when it comes to elucidating scientific concepts. The descriptive statements for physical and 

chemical phenomena, which are brief and lacking conceptual understanding, could be 

attributed to limitations in scientific vocabulary. Learners’ language limitation is compounded 

by the fact that most science materials are written in English and Afrikaans, the languages of 

examination in our context. The vocabulary and terminology is in English and Afrikaans as 

well. As a result, learners resort to rote learning and meaningful connections of new and old 

information becomes impossible. Ultimately, the subject is labelled ‘difficult’. 

Teachers, who are not proficient in the language of learning and teaching (LoLT), exacerbate 

the situation (Maselwa & Ngcoza, 2003). These teachers could enhance meaning-making if 

they used code-switching as a strategy to enhance conceptual understanding. Probyn (2009) 

posits that when English is used to facilitate learning, it becomes a deterrent towards conceptual 

mastery. Hence, Probyn (2009) advocates for the use of code-switching to aid understanding. 

According to the researcher, code-switching is a powerful tool for mediation of learning. 

Learners in the focus group regarded code-switching as an imperative in promoting scientific 

concepts. They learn better as the strategy creates dialogue in the classroom, a vital component 

of social constructivism. 

The results from the interview (Appendix G: L5) indicate that concepts in science are abstract. 

The instruction of science should commit to introducing learners to the language of science 

which is abstract in nature (Nakhleh, 1992). Care should thus be exercised in the introduction 
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of scientific terms and emphasis should be put on precise meanings. The language of science 

should be taught in the same way as any other language. Learners who have not developed 

their cognitive academic language proficiency (CALP) could be at a disadvantage when 

studying science as the subject requires an in-depth understanding of concepts acquired by 

reading textbooks and participating in dialogue (Cummins, 1992). Also mastery of the 

language of science comes about through interacting with others, within the community of 

practice (Lemke, 1990). Teaching strategies like repeating key terms and concepts, speaking 

slowly, using gestures and voice tone to support communication are all necessary to promote 

conceptual grasp (Probyn, 2009).  

Responses indicating conceptual grasp of chemical reactions (Appendix Q) 

The above statement describes challenges faced in meaning-making of chemical reactions and 

how responses linked to the use of familiar resources have enhanced conceptual understanding 

of scientific concepts. 

Evidence of chemical reactions 

In their studies on atoms, Eilks et al. (2007), confirm that applying a model of atoms without 

relating them to the simple particles usually leads to an understanding of chemical reactions as 

mixtures of the initial products. When changes of matter have two products in the initial stage, 

learners regard this as a chemical reaction. The following excerpt from the diagnostic and 

summative tests suggested that learners experienced the problems described above in their 

descriptions of chemical reactions. 

Learner: Chemical reactions happen when we mix different products… (Appendix Q Diag: NL-

1p5).  

Learner: When you mix two things you are making chemical reaction (Appendix Q Diag: NS-

4p5). 

Then, from the summative test, learners wrote: 

Learner: When two substances are mixed (Appendix Q Summ: ML-2). 

Learner: Chemical reaction because mix some products (Appendix Q Summ: ML-2; Summ: 

MQ-1). 

When a teacher says that water consists of hydrogen and oxygen, a learner lacking the concept 

of atoms and molecules is likely to interpret the teacher’s statement as water consists of 

hydrogen and oxygen mixed (Anderson, 1986). If the concepts of atoms and molecules are not 

laid-out well, learners describing chemical reactions find it complicated as they are supposed 

to describe them in relation to molecular terms. Chemical reactions are introduced as changes 
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of discrete particles (Hesse & Anderson, 1992) and the rearrangement of atoms and their 

constituents’ sub-atomic particles form new substances. 

Teachers as well as textbooks are to blame for the poor understanding of chemical reactions 

according to (Eilks et al., 2007) as they do not introduce a clear distinction between the level 

of discrete particles and the levels of atoms (ibid.). Introducing the particle theory of matter 

thoroughly consolidates learners’ naïve conception about physical and chemical changes 

(ibid.). Conceptual understanding of the particle theory of matter is one of the keys to unlock 

and grasp concepts in chemical reactions. The concepts are taught in Grades 4, 6 7 and 8.  

Responses indicated that learners’ attempt to rearrange simple particles to explain chemical 

reactions resulted in them conceptualising chemical reactions as a kind of mixing; which are 

physical processes and not chemical changes. 

According to the constructivist learning theory, learning is derived from rich conversation with 

other people who have similar or different perspectives built on their personal life experiences. 

Learners come to chemistry lessons with alternative conceptions already formed (Boo & 

Watson, 2000). Social constructivists do not maintain that all conversation and discussion 

occurring anywhere anytime are meaningful for learning (Woo & Reeves, 2007) so teachers 

should be aware of learners’ preconceptions and of the nature of these preconceptions in order 

to address them. They should understand the precise concepts that are held by learners and 

focus on addressing them to improve understanding of the foundational concept of chemical 

interaction which infuses the whole subject of chemistry (Boo, 2002). 

Responses linked to the use of familiar resources 

In the final analysis, learners indicated in the focus group interview and concept maps that 

using familiar resources helped them to gain a better understanding of chemical reactions. They 

wrote: 

Learner: I prefer to learn with familiar resources because I understand better (Appendix Q 

Refl: MA-4). 

L6: Teachers should use substances we see every day like the ones we were using. Substances 

we use at home to make learning of chemical reactions easier (Appendix L: L6) 

The theoretical framework, social constructivism, consists of situated learning. Learners take 

part in activities which are directly relevant to their real life and take place within a culture 

similar to an applied setting (Eilks et al., 2007). The researcher conducted an intervention 

through lesson presentations using familiar resources in the practical activities. The theoretical 
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framework for this study emphasises the building of knowledge through mediation and 

negotiation within a learning community (Eilks et al., 2007). 

The outcome that emerged from the results in Table 4.2 that is worth mentioning is that there 

were no clear differences in learner performances to show that learners understood scientific 

concepts better when familiar resources and conventional chemicals were used. Learners could 

explicitly state factors that cause rusting; oxygen and the presence of water. The two agents of 

rusting are common everyday terms learners could easily remember. Learners could define 

rusting. Nonetheless after two weeks, the percentage of learners that responded correctly 

dropped from 51% to 14% for the same question in the summative test. The results were 

contrary to what was anticipated. The reason could be that learners remembered the definition 

as they completed the worksheets immediately after the lesson. They could easily retrieve the 

definition from their short memory.  

Learners performed well when conventional chemicals were used. They could name reactants 

of magnesium burning as well as correctly predicting the burning of magnesium. 

Comparatively, there were no distinct differences in terms of the number of correct responses 

given by learners when familiar resources were used as well as conventional chemicals.  

In the next lesson, learners were more relaxed and engaged in the practical activities of the 

reaction of the egg and vinegar as well as of calcium carbonate and hydrochloric acid. 

Interestingly, there was no difference in the results of learner observations (Table 4.3). Learners 

answered questions using familiar resources and using conventional chemicals well. All 

learners (100%) correctly stated products of egg and vinegar compared to 69% when 

conventional chemicals are used. The performance of learners above 50% is evidence of the 

power of practical activities in enhancing learning as proposed by Maselwa and Ngcoza (2003). 

The last lesson on making lemon tea and blowing into clear limewater, to observe colour 

changes, indicated an improvement in conceptual understanding when learners used familiar 

resources (Table 4.4). Although the percentages of correct observations were significantly 

higher in both instances, learners could explain the significance of their observations when 

familiar resources were used more proficiently.  

Finally, the results from the analysis of the summative test on questions the set of lessons 

presented provided evidence that learners’ comprehension of concepts in some chemical 

reactions when familiar resources were used significantly increased (Table 4.5).The only 

exception was the question demanding learners to define the term ‘rusting’. Learners could not 
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give a precise scientific definition because of vocabulary limitations. Questions set on lessons 

presented when using conventional chemicals were not done well. In contrast, learners 

performed significantly better when familiar resources were used. This indicated that learner 

performance is enhanced when familiar resources are used. 

5.5 Concluding remarks 

In this chapter, data generated from the pilot study, diagnostic and summative tests; learners’ 

worksheets, focus group interview, learner reflections and mind maps was analysed and 

interpreted. Three analytical statements were used to discuss the data. Through these 

statements, the data showed how prior everyday knowledge and practical activities play a 

crucial role in making sense of some concepts related to chemical reactions. Challenges 

learners faced with scientific concepts and solutions were identified.  

What emerges clearly from this analysis is that learners understand concepts in Natural 

Sciences when familiar resources are used during practical activities. In the next chapter, the 

researcher provides a summary of the findings which culminated in recommendations and areas 

for future research. Limitations of the study are discussed and conclusions drawn. 
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CHAPTER 6: SUMMARY OF FINDINGS, RECOMMENDATIONS 

AND CONCLUSIONS 

 

6.1. Introduction 

The purpose of this study was to investigate how learners make sense of concepts of chemical 

reactions when familiar resources are used. This chapter presents a summary of the findings of 

the study, and its limitations. It then makes recommendations for measures to be taken to help 

enhance learners’ conceptual understanding of chemical reactions. Finally, the chapter makes 

some general recommendations, discusses the limitations of the study, suggests areas for future 

research and offers some critical reflections. 

6.2. Summary of findings 

The study reported on how Grade 8 learners make sense of concepts of chemical reactions 

when familiar resources are used. The study was motivated by the generally poor performance 

of South African Natural Sciences learners in a series of international benchmark tests referred 

to as the Trends in International Mathematics and Science Study (TIMSS). TIMSS 1998, 1999 

and 2011 reports revealed comparatively poor performance by the South African Grade 8 

Natural Sciences learners. The study was also motivated by the researcher’s personal 

experience as a Natural Sciences teacher and his desire to obtain a clearer understanding of 

what goes on in the Natural Sciences classroom with respect to the learning of chemical 

reactions. Grade 8 learners at one school were investigated in an effort to find an explanation 

for their low achievements, specifically in chemical reactions as stipulated by Xipu (2011). 

The study took the form of a case study of one school in the Eastern Cape Province, and it 

focused on Grade 8 learners. It investigated how Grade 8 learners make sense of concepts 

related to chemical reactions using familiar resources. 

The study used both quantitative and qualitative methods to generate data, specifically 

diagnostic and summative tests, learners’ worksheets and interviews. Convenience sampling 

was used to identify the school. Ethical issues were taken cognisance of throughout the study. 

It was found that learners were confused about physical and chemical changes. They could not 

identify that in physical changes, no new substance is formed and usually the transformation 

of the substance is easily reversible. In addition, the mass of the substance does not change. 

Conversely, a new substance is formed in chemical change and usually the transformation of 

the substance cannot be reversed. The mass of the substance does alter as shown by a nail 
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exposed to rusting agents after weighing (Grade 5, Intermediate phase). In the CAPS 

documents for intermediate phase (Grades 4-6) and senior phase (Grades 7-8), the topic of 

physical and chemical changes is not explicitly prescribed for learners to study. Although 

learners had investigated physical and chemical processes, the curriculum for Grades 4-7 does 

not acknowledge the phenomena as physical and chemical changes. This is a source of great 

concern as learners are plunged into learning about chemical reactions in Grade 8 without a 

sound background on the topic. The distinction between physical and chemical phenomena has 

to be explicitly clear to learners at the beginning if they are to make sense of the concepts in 

chemical reactions. 

The study further found that when they encountered physical changes like the melting of wax, 

learners in this study lacked a sound understanding of the concept. They described the change 

using the everyday experience of observing solid wax melt to form liquid wax (Appendix I 

Diag: NS-4p4). But the personal experiences of the learners constituted the main source of the 

problem, as they are inconsistent with the accepted scientific explanations. Learners gave 

descriptive statements of observations of everyday experiences. The inability of learners to 

explain the melting of wax highlights their poor conceptual understanding of states of matter.   

Enough evidence was also found to reveal learners’ poor understanding of the expansion and 

contraction of materials. Learners found it difficult to explain these concepts, which affected 

their ability to make sense of chemical reactions. Before learners study bond making and 

breaking in chemical reactions, they need to be introduced to abstract concepts in matter. That 

is, of matter as consisting of tiny (invisible) particles in motion, which vibrate more when they 

gain heat energy. Further heating breaks the bonds that hold them and change them into another 

state. This knowledge prepares learners for learning chemical reactions as the reactions involve 

the chemical bonds (a bond is a force that holds atoms together) of the reactants breaking and 

new bonds forming to produce the new products.  

Rusting and boiling were concepts that learners found it difficult to give precise meaning to. 

Rusting is a chemical change and boiling a physical change. Learners lacked the proper 

vocabulary to describe the observable phenomena happening in both processes. They explained 

the processes using everyday words with meanings that differ from scientific meaning. The 

results served to illustrate the poor understanding of physical and chemical changes highlighted 

in the TIMSS scores.  
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Learners were engaged in practical activities during instruction. The key point that emerged 

was that the use of practical activities in the teaching and learning of chemical reactions 

enhances comprehension of scientific concepts. This is supported by a number of researchers 

(Maselwa & Ngcoza, 2003; Woodley, 2009; Miller, 2010), who concur that practical work as 

hands-on learning, prompts thinking about the world we live in. At one point in the study, there 

were no significant differences in learners’ performance when familiar resources and 

conventional chemicals were used. Learners performed well in both instances, as they were 

required to give immediate feedback by completion of worksheets. This shows the power of 

practical work to enhance the learning of scientific concepts, since learners could answer most 

questions on both worksheets. 

As highlighted in the literature, effective practical activities enable learners to build bridges 

between what they can see and handle (hands-on) and scientific ideas that account for their 

observations (brains-on) (Woodley, 2009). Teachers should therefore design practical work to 

prompt the acquisition of this holistic perspective, as science is a social activity which 

addresses the relationship between science, society and the environment.   

The differences in learners’ performance emerged during a summative test written two weeks 

after instruction. Learners performed well in tasks when familiar resources were used. The 

results suggested that learners better understood scientific concepts when familiar resources 

were used than when conventional chemicals are used. 

The study’s findings therefore provide some insightful answers to the research questions. 

6.3 Recommendations 

The following are some of the recommendations that emerged from the findings. 

 Knowledge embedded in familiar contexts and resources encountered in everyday 

living 

This study found that using familiar contexts as well as resources has a positive impact on 

learners’ sense-making of concepts in science. The onus lies with teachers to devise more 

effective strategies to teach science. They should make every effort to connect the science 

classroom with science in the community (Rennie, 2011). This they can do by incorporating 

into their teaching tacit and explicit knowledge embedded in everyday household chores and 

other experiences. Bottles, polish containers, plastic straws, vinegar, egg shells and materials 

from the kitchen like detergents, to mention just a few, could be useful resources teachers can 
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effectively use to develop scientific concepts. Teachers can engage learners to bring these 

materials. This does not only improve learner performance in science but assists the teacher to 

get supplies for teaching and learning in times when funding is not available. Being resourceful 

is one of the qualities of great teachers. 

 Teaching strategies that encompass the use of familiar resources 

Teachers should team up at school, in cluster groups or as a district to craft detailed lesson 

plans and learner activities that encompass the use of familiar resources. The worksheets and 

interviews show that the level of learner engagement increased substantially when learners are 

learning science using familiar resources. Engaging learners in everyday contexts have 

motivational effects and thus improve learning. Learners are able to make sense of the concepts 

taught by relating them to their experiences. The use of familiar resources in this study, 

ultimately, resulted in improvement compared to using conventional chemicals. 

 Applying everyday knowledge without engaging precise language and concepts 

This study found that learners have difficulties with the language of science. This turned out to 

be a major obstacle in the learning of science. Learners were applying everyday words which 

do not have precise scientific meanings to explain and define scientific terms. Clearly, the 

limitations of learners’ science vocabulary are worsened if teachers are not proficient in the 

LoLT (Maselwa & Ngcoza, 2003).   

In view of the above, it is recommended that teachers should be continually developed in 

scientific literacy. Universities and teachers’ training colleges should include scientific literacy 

as an integral part of their training programme. On-going workshops at provincial, district and 

cluster/circuit levels should be regularly conducted for teacher development on both LoLT and 

the language of science. In-service training at school level on strategies for integrating code-

switching effectively in the teaching and learning of Natural Sciences should be conducted.  

The CAPS document explicitly states that learners should be granted opportunities to regularly 

read and write in science. For this reason, it is imperative that teachers be engaged in learners’ 

explicit and efficient instruction in reading and writing. School-based assessment, checking for 

correctness and providing feedback, should be done regularly.  

Evidence from the focus group interview showed that learners know what they are talking 

about, but cannot adequately express their knowledge using the conventional language of 

science. It follows that there is an urgent need for teachers to shift from traditional ways of 
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teaching and engage learners constructively in meaning-making in science. This entails 

promoting ‘learner talk’ (Lemke, 1990) in the classroom. Teachers should refrain from 

teaching science concepts with learners as passive recipients. Such strategies are obsolete. 

Instead, contemporary pedagogies that advocate learner-centred education should be the norm 

of teaching and learning in our classrooms. This calls for great commitment on the part of 

teachers as they prepare learners for leadership roles today and tomorrow. 

 Applying prior knowledge from concrete experiences observed through the eye to 

the abstract world of science 

In this study, interference from learners’ everyday experiences and prior knowledge made it 

difficult for them to conceptualise the chemical changes that were happening. The art of 

teaching of science has become complex because learners in the classroom are coming from 

diverse cultures and societies. They are from agrarian, coastal, rural, and mining communities, 

from townships, informal settlements and suburban areas, just to mention a few. They also have 

different backgrounds and experiences.  For the teaching and learning process to be effective, 

it is essential that the strategy the teacher uses and the design of teaching materials meet the 

needs created by these diverse backgrounds.  

This calls for the integration of prior everyday knowledge by teachers. Teachers should elicit 

the knowledge learners bring to class in order to plan efficiently and effectively for sense-

making. Although it is a challenge to adequately elicit prior everyday knowledge for all learners 

in the classroom, teachers should make a concerted effort to link teaching activities to learners’ 

everyday experiences, through careful planning. Familiar resources should be used or 

improvised. The use of familiar resources assists learners not to see science as ‘foreign’. They 

gain deeper insight as they interact with familiar resources in sense-making (Stears, et al., 

2003). 

Teachers should design lessons to create opportunities for learners to link classroom activities 

to everyday knowledge. Evidence from the focus group interview and learner reflections show 

that learners were interested in those aspects of learning that relate to their experience. During 

lesson delivery using familiar resources, learner motivation was high, which suggests that 

knowledge, experiences and home have motivational effect and control over learning.  

It is recommended that programmes to address how prior everyday knowledge is integrated in 

the teaching and learning process should be enforced in schools. This is in line with CAPS as 

it stipulates that “science learnt at school should produce learners who understand that school 
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science can be relevant to everyday life” (Department of Basic Education, 2011, p. 10). The 

curriculum endorses the integration of indigenous knowledge by suggesting learners’ activities 

that teachers may use to enhance sense-making in science. 

 Effective management of teachers’ work should be established 

The diagnostic test and learners’ worksheets showed that content and concepts culminating in 

understanding chemical reactions, like atoms (building blocks of matter), pure elements, 

elements and compounds, mixtures of elements and compounds, the particle model of matter 

and changes of state were not adequately covered. These concepts provide a solid foundation 

for understanding chemical reactions. This had a negative effect on learners’ sense-making as 

there were gaps in their content knowledge. 

During this study, the Department of Education was still in the process of appointing the Head 

of Department for science and mathematics in the school used as the research site. 

Consequently, there was no mechanism for effective monitoring of the teachers’ work. The 

teacher who was my research participant made it clear that she was a Life Sciences teacher and 

found it difficult to teach concepts linked to chemistry. This was not convincing as there are 

numerous chemical reactions pertinent to Life Sciences.  

For this reason, peer coaching is recommended in situations where teachers are compelled to 

teach subjects they did not train for because of a lack of specialist teachers. The school had five 

teachers for science subjects. Setting up an effective subject committee for mutual support in 

the teaching of science should contribute to helping learners make sense of scientific concepts. 

6.4 Limitations of the study 

The focus of this study was to investigate how Grade 8 learners make sense of chemical 

reactions during lessons involving familiar resources. Due to time, financial and geographical 

constraints, the study was carried out in only one public high school. As a result, the findings 

cannot be generalised. 

Nevertheless, the study provided some insights into how learners make sense of concepts in 

chemical reactions when familiar resources are used. The study focused exclusively on how 

learners make sense of chemical reactions, leaving out the opinion of their teachers. Had the 

study incorporated teachers’ views, more insights might have been generated. 

During the interview with the focus group, the tablet used ran short of memory. Several times, 

the interview had to be stopped to delete some content from the tablet. This could have had 
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repercussions as the tempo of the interview process was interrupted. However, after 

transcribing the videotaped interviews, transcripts were sent back to the learners. Also, the 

videotape was replayed several times with learners for them to check that they had not been 

misrepresented. Learners did not request any amendments to the transcript. 

Learners’ understanding of the concepts involved in chemical reactions understanding was 

quite limited, as observed, and this limited the insights they could provide during feedback 

from worksheets and tests. 

The researcher understands that as a newcomer teaching the class for the first time, his presence 

might have been threatening to some of the participants. 

Furthermore, the researcher could not use code-switching as a useful teaching strategy because 

of the varieties of the learners’ home languages. 

6.5 Areas for future research 

 A similar study could be conducted, but with an increased number of sample schools 

and with teachers included in addition to learners;  

 Further research could be done observing lessons, as the researcher had originally 

planned, rather than presenting; 

 Further research could be done on how practical activities affect the meaningful 

learning of chemical reactions; 

 In addition, further study should be conducted on how the misconceptions that the 

learners bring in prior everyday knowledge hinder their making sense of science 

concepts; 

 A study should also be conducted on how language affects the making sense of concepts 

in science teaching and learning; and 

 Finally, further research should also be conducted on how teachers could be supported 

so as to effectively teach chemical reactions concepts using familiar resources. 

6.6 Critical reflections 

Being a MEd student at Rhodes University helped the researcher gain confidence in being a 

teacher and start to appreciate some of the qualities that makes teachers great. For example, to 

be a life-long learner. 
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The study has helped the researcher to appreciate the value of learner support. The researcher 

has committed to expanding the learner support currently offered at his school by providing 

remedial classes for slow learners and enrichment activities for active ones. 

As an intermediate science teacher the researcher realised that his role is crucial in ensuring 

meaningful science learning at high school. Failure on the teachers’ part to lay a solid 

foundation in science in the intermediate and senior phases will have profound effects on 

learning of high school science later.  

It is important that teachers in the intermediate phase work collaboratively with colleagues in 

the senior phase and at high school. Workshops should be organised to share ideas on how 

learners make sense of concepts in science. This is likely to result in improved achievement 

level in Natural Sciences and also may lead learners to consider doing Physical Sciences and 

Life Sciences as option subjects at Grade 10 level. 

The study is underpinned by the tenets of social constructivism, which has been the main 

teaching and learning tool in the MEd class. The supervisor has consistently reminded us that 

if you want to walk fast, you walk alone, but if you want to walk longer, as a MEd researcher, 

walk with others. 

The study revealed that learners find the concepts involved in chemical reactions difficult if 

they are not engaged in practical activities using familiar resources during the learning process. 

Also, learners find concepts difficult if science teaching and learning is not related to their prior 

everyday knowledge. 

The researcher experienced problems with electronic gadgets. At one point all the information 

gathered was lost when the laptop was damaged. On top of the damaged laptop, the flash disk 

the researcher had as back-up got damaged. The researcher had to rely on the computers in the 

library for most of the work. It was not easy to be in the library most of the time after school 

work. As a result, the researcher missed valuable workshops from the Department of Education 

and had to turn down the opportunity to represent the district at provincial level as a Natural 

Sciences and Technology teacher. The reason was that the researcher wanted more time to 

engage with the data gathered in this study. 

The researcher came to learn that research is a journey on which one needs to walk with others, 

mindful of the roadblocks one may encounter. These roadblocks are capable of frustrating or 

diverting one and one can lose sight of the destination in the process. 
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Lastly, if the researcher was to do this research again, the questioning technique would be 

improved. Questions in the diagnostic, summative tests and in completed worksheets during 

interventions had gaps in them. It was challenging to ensure that they related to the research 

questions. The researcher would also improve the focus group interview questions to cover 

gaps identified in them. 

6.7 Conclusion 

This study illuminated the extent to which learners are able to make sense of chemical reactions 

when familiar resources are used. This was critical in order to improve the mediation of the 

early learning of chemical reactions at high school level. 

The study established that prior knowledge influences the sense-making of scientific concepts. 

Learners in this study had challenges pertaining to concepts which culminated in impediments 

to their understanding of chemical reactions. They were not properly instructed in these vital 

concepts and consequently could not connect well to the abstract concepts of chemical 

reactions. They resorted to memorising the concepts and this strategy led to poor retention. 

Furthermore, the study established that misconceptions occurred because learners came for 

instruction holding meanings of words that differed from their scientific meanings (Nakhleh, 

1992). This prior everyday knowledge contributes to learners’ failing to express themselves 

effectively during instruction. Teachers should introduce scientific terms by emphasising the 

difference between the everyday meaning and the more precise scientific meaning (ibid.).  

Other social factors impeding sense-making include the language of learning and teaching and 

the language of science. Language is part and parcel of the learner’s life. Learners’ ability to 

think and learn depends on their ability to make sense in this crucial medium. It follows that 

care should be exercised in language use by teachers. Strategies such as code-switching and 

‘learner talk’ (Lemke, 1990) should be adopted in our classrooms to help learners master the 

LoLT and the language of science. 

The study further acknowledged that the use of practical activities, employing familiar 

resources, enhances learners’ sense-making of scientific concepts. This calls for effective 

planning by teachers to ensure that they marry theory in the classroom with practical activities 

to ensure that meaningful learning occurs. 

The research concludes that there is a need for regular support within the science community 

of practice at cluster and district levels. Professional development for science teaching is 
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enhanced when teachers meet to discuss strategies to support learners and to find solutions to 

problems hindering sense-making in contemporary science classrooms. 
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Appendix E 
 

ACTIVITY SHEET 

NAME: _______________________________________________ 

DATE: ________________________________________________ 

INSTRUCTIONS: 

1. Choose the correct or is the best answer from the multiple choice questions given (A; 

B and C). 

2. Mark on the appropriate letter with a cross (x). 

3. Write down your explanation for your choice on the lines below. 

1. My friend says that when water freezes, the molecules get cold and turn hard. Do you 

agree? 

A: Yes I agree 

B: I don’t agree 

C: I am not sure 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

2. Would you expect a solid iron ball heated on a stove to? 

A: be a little smaller than before. 

B: be a little larger than before. 

C: stay exactly the same. 

Explanation 
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

3. Your teacher lit a candle and told you that this was a chemical reaction. What are the 

reactants (substances reacting) in this chemical reaction? 

A: wax and fire 

B: wax and oxygen 

C: string or wick burning. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

4. In a physical change, like changing state from a solid to a liquid, the substance itself 

doesn’t really change. How is a chemical change different from a physical change? 

A: Atoms and molecules speed up or slow down. 

B: A new substance not is formed. 

C: A new substance is formed. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

5. In your opinion, what is a chemical reaction?   

A: Is what happens when we mix different products. 

B: Is an explosion 

C: Is one in which there is a change of substance. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

6. The teacher boiled an egg for 10 minutes. He asked the student to compare an uncooked 

egg with the cooked one. Which is the best explanation made by the student? 

A: This is an example of a physical change as ‘it was an egg and it is still an egg’. 

B: A boiled egg is a new product 

C: Neither answer A nor B is correct. 
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Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

7. The roof of the Cathedral in High street has copper roofing. The roof is turning greenish in 

colour. This is because: 

A: Copper roofing sheets are burned by sun’s heat 

B: It’s just that way. 

C: A chemical change is taking place because of oxygen in air. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

8. If a lump of white wax is warmed, a pool of clear liquid is found in its place. This change 

of state is an example of: 

A: chemical change as wax has changed its form. 

B: Physical change as was has changed its form but remain the same substance. 

C: Neither a chemical change or physical change. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

9. If an iron nail is left outside for a very long time, a quantity of red/brown powder will be 

found in its place. 

A: Mass of the nail increases.  

B: Mass of the nail decreases. 

C: Mass of the nail remains the same. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

10. When a beaker of water is boiling, big bubbles form at the bottom and rise to the top. 

These bubbles are clear- ‘see through’. What is inside the bubbles or what are the bubbles 

made of? 

A: There is oxygen and hydrogen 
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B: There is nothing. 

C: Bubbles have air dissolving in water. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

11. If a beaker of water is kept boiling for a long time, it can be seen that the level of water in 

the beaker goes down. Why does this happen? 

A: Heat destroy the water particles. 

B: Water particles are ‘lost’ from the beaker. 

C: Neither answer A nor B is correct. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

12. A slice of bread is held down in a toaster for 10 minutes, a crisp black slice emerge. This 

slice is black through and through. Imagine you have a slice of bread and one of these black 

slices on the table in front of you. How many substances would there be on the table? 

A: 1 

B: 2 

C: Neither 1 nor 2 substances. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

13. Why do ice blocks dissolves faster in hot water than could water? 

A: Heat cause a quick chemical reaction. 

B: Particles gains heat energy, move quickly and melts. 

C: Heat slow down reaction. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

14. When you heat a solid iron ball on the stove: 
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A: The number of molecules increase  

B: Molecules expand or get larger 

C: Molecules stay the same size but further move further apart. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

__________________________________________________________________________ 

15. What are things that happen in a chemical reaction? 

A: Smelly change. 

B: Bubbling change 

C: Both A and B are correct. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 
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Appendix F 

 

DIAGNOSTIC TEST ON CHEMICAL REACTIONS 

ACTIVITY SHEET: 1     2 June 2015. 

NAME: _______________________________________    Grade: 8 

DATE: ________________________________________________ 

INSTRUCTIONS: 

1. Choose the correct or is the best answer from the multiple choice questions given. 

2. Circle your choice of answer. 

3. Write down your explanation for your choice on the lines below. 

 

QUESTIONS 

1. The roof of the Grahamstown Cathedral Hall in High street has copper roofing. The roof is 

turning greenish in colour. This is because: 

A: Copper roofing sheets are burned by sun’s heat 

B: A chemical change is taking place. 

C: There are plants growing there. 

D: It is underneath coating coming out. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

2. If an iron nail is left outside for a very long time, a quantity of red/brown powder will be 

found in its place. If you weigh the brown powdered iron on the scale, what could be the 

possible observations?  

A: Mass of the nail increases.  

B: Mass of the nail decreases. 

C: Mass of the nail remains the same. 

D: Mass of nail increase and then suddenly decrease. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 
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4. When a beaker of water is boiling, big bubbles form at the bottom and rise to the top. 

These bubbles are clear- ‘see through’. What is inside the bubbles or what are the 

bubbles made of? 

 

A: There is oxygen and hydrogen 

B: There is nothing. 

C: Bubbles are air dissolving in water. 

D: Bubbles are water vapour.  

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

4. If a beaker of water is kept boiling for a long time, it can be seen that the level of water in 

the beaker goes down. Why does this happen? 

A: Heat destroy the water particles. 

B: Water particles are ‘lost’ from the beaker. 

C: Water particles are condensing. 

D: Water particles cannot go down. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

__________________________________________________________________________  
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5.Which of the following properties give the best description for particles in a liquid state:

 

 

A: Have a strong force holding them together 

B: Have weaker forces between them. 

C: Have extremely weak forces between them. 

C: Move very fast. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

5. Complete the following statement with the appropriate word from the list below: 

All matter is made up of the smallest building blocks called ______________. They are very, 

very small and everywhere, even in the food we eat. 

A: Compounds 

B: Elements 

C: Atoms 

D: Mixtures. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

6. Fill in the correct word: 

An ______________ consists of atoms of only one kind, such as hydrogen (H) and chlorine 

(Cl). It cannot be separated or broken down into another simpler substance. 

A: Compound 

B: Element 

C: Atoms 

D: Mixture. 
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Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

8.A slice of bread is held down in a toaster for 10 minutes, a crisp black slice comes out This 

slice is black all the way through.  Imagine you have a slice of bread and one of these black 

slices on the table in front of you. How many substances would there be on the table? 

A: 1 

B: 2 

C: 1; 2 and 3 

D: All of the above. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

__________________________________________________________________________ 

9. The teacher boiled an egg for 10 minutes. He asked the student to compare an unboiled egg 

with the boiled one. Which is the best explanation made by the student? 

 

A: This is an example of a physical change.  

B: A boiled egg is a new product 

C: This is an example of a chemical change as ‘it was an egg and it is still an egg’. 

D: A boiled egg is not a new product. 

Explanation 
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___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

10. If a lump of white wax is warmed, a pool of clear liquid is found in its place. This change 

of state is an example of: 

 

A: Chemical change as wax has changed its form. 

B: Physical change as wax changed its form but remain the same substance. 

C: Chemical change as wax has not changed its form. 

D: Physical change as wax has changed its form. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

11. When you heat a solid iron ball on the stove: 

A: The number of molecules increase  

B: Molecules expand or get larger 

C: Molecules stay the same size but further move further apart. 

D: Molecules stay the same but move closer to each other. 

Explanation 
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___________________________________________________________________________

___________________________________________________________________________

__________________________________________________________________________ 

12. A burning candle (on question 10) is an example of a chemical reaction. Which are the 

reactants (substances reacting) in this chemical reaction? 

A: wax and fire 

B: wax and oxygen 

C: string or wick burning. 

D: Wax and wick burning. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

13. Magnesium is burnt to produce magnesium oxide and excess heat. This is an example of a 

chemical change. How is a chemical change different from a physical change? 

A: Atoms and molecules speed up or slow down. 

B: A new substance is not formed. 

C: A new substance is formed. 

D: A chemical change can be reversible by physical means. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

14. Using the burning of magnesium as an example, which of the following describe a 

chemical reaction?   

A: It is what happens when we mix different products. 

B: It is an explosion of a balloon. 

C: It is one in which there is a change of substance. 

D: It does not have products and reactants. 

Explanation 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

15. What are some of the things that happen in a chemical reaction? 
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A: Always accompanied by a smelly change. 

B: Bubbles are always formed. 

C: There is bond breaking and bond forming. 

C: Reactants are produced. 
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Appendix G 
 

LESSON PLAN: 1     Grade: 8 

27 July 2015      Time: 45 minutes 

Topics: Oxidation of iron and Magnesium.  

Lesson objectives: 

State observations of the reactions. 

Explain the observations. 

Identify reactants and products in the reactions. 

Share group observations (Test sense-making. Do the groups get the same results?). 

Materials used: 

Familiar resources: Oxidised mathematical sets and partial new mathematical sets to compare 

effects of rusting. 

Specialist resources: Magnesium ribbons. 

Introduction: I introduced the topic by: 

Bringing household chemicals and discussed about them. Eliciting from learners examples of 

bases and acids done in grade 7. Then, asking learners about to give their own examples of 

chemicals from home and examples in the environment. Then, the concept of chemical reaction 

was introduced and I asked learners to share their examples of chemical reactions. Some 

examples shared included photosynthesis, decaying, burning and drying of leaves. 

Activity 1: Oxidation of iron 

I gave each group two sets of mathematical sets. One was heavily oxidised and the other 

partially new. Learners were instructed to observe the two sets. I asked questions about rusting 

and its effects. A classroom discussions ensued on observations and some ways to prevent 

rusting. 

Familiar resources: Oxidised mathematical sets. 

Specialised resources: Magnesium ribbon. 
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Activity 2:   Oxidation of magnesium. 

Burning magnesium ribbon in a flame. Caution: Learners were cautioned not look directly into 

the magnesium flame as it burns as it may hurt their eyes. They were asked to burn the ribbon 

on candle flame. I had to scrap some ribbons with sand paper to remove the oxide layer that 

was preventing burning. 

Method: 

Learners were instructed to place magnesium ribbon onto the flame of a burning candle and 

observe. 

I asked the learners to discuss the following questions in groups and later report to the class.  

1. What will happen if you place magnesium ribbon on the candle flame? ------------------------

----------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------- 

2. What do you think are the reactants involved? (The substances that react with each other 

are called reactants and the new substances that form during a chemical reaction are called 

products). ------------------------------------------------------------------------------------ 

3. And what products are formed? --------------------------------------------------------------------  

5. Can you explain why the change takes place? ------------------------------------------------------ 

To conclude the lesson, learners were given worksheets to complete. The written activities 

were given to determine their understanding of the topic and to check the impact of everyday 

chemical change by giving another example- specialist chemical change example. 
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Appendix G1 Worksheet 1 (Wrk 1) 
Name: -------------------------------------------------------- 27 July 2015. 

Date: -----------------------------------------          Grade: 8 

Exercise: 1 

Answer the exercise on the blank spaces left on the answer sheet. Try to answer all the 

questions. 

1. The picture shows damaged cars that have been rusted. 

 

i. Explain what is rusting? (1) 

ii. ----------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------- 

iii. Why is it not a useful reaction? (2) 

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------- 

iv. How are cars protected from rust? (2) 

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------- 

v. Name two factors that cause rusting to happen? (2) 

 

 

2. Activity: Burn magnesium ribbon in a flame. Caution: Do not look directly into the 

magnesium flame as it burns. It may hurt your eyes. 

http://previews.123rf.com/images/shotsstudio/shotsstudio1501/shotsstudio150100081/35593533-used-damaged-cars-backdrop-Stock-Photo.jpg
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i. What do you predict will happen if you place magnesium ribbon on the 

candle flame? (1) 

ii. What do you think are the reactants involved in magnesium burning?   (2) 

iii. And what products are formed? (1) 

iv. Can you explain why the change take place? (2) 

----------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------- 

3. Copy and complete the following sentences about chemical reactions. Use the words: 

PRODUCTS AND REACTANTS ONLY.  

In a chemical reaction, the substances that are produced are called the ---------------------------- 

of the reaction. 

In a chemical reaction, the substances that react with one another are called the ---------------- 

Substances can react with each other to form ----------------------------- with different chemical 

properties. 

In reactions, re-arrangement of the atoms takes place, to form different ----------------------  (4) 
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Appendix H 
 

LESSON PLAN: 2     Grade: 8 

29 July 2015      Time: 90 minutes 

Topics: Egg/Vinegar reaction and Calcium carbonate/Hydrochloric acid reaction. 

Lesson objectives: 

State observations of the reactions. 

Explain the observations. 

Identify reactants and products in the reactions. 

Share group observations (Test sense-making. Do the groups get the same results?). 

Materials used: 

Familiar resources: Eggs and Vinegar. 

Specialist resources: Calcium carbonate (Caco3), Hydrochloric acid, Beakers and test tubes. 

Introduction: I introduced the topic by asking learners about examples of chemical 

reactions. This was to get an idea of the prior knowledge learners are bringing to the 

classroom. 

Activity 1: The researcher and learners placed an egg in the beaker with vinegar. The egg 

was 2/3 covered with vinegar and left over the weekend. Observations were done the 

following Monday, in groups. 

Method: 

(a) Place your egg shells carefully into the beaker. 

(b) Pour the vinegar over the egg shells. 

Observations/Results:  Learners were asked to answer the following questions in groups: 

(a) Can you see anything happening? Describe your observations. 

(b) Explain your observations. Why did this happen. 

(c) Groups sharing observations, reactants and products. 

Activity 2:   Lesson continued. 
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I instructed learners to drop few drops of diluted hydrochloric acid to calcium carbonate in 

test tube.  

Method: 

(a) Place calcium carbonate chips into a test tube.  

(b) Pour the hydrochloric acid carefully into the test tube with calcium carbonate. 

Observations:  Learners were asked to answer the following questions in groups: 

(a) Can you see anything happening? Describe your observations. 

(b) Explain your observations. Why did this happen. 

(c) Groups sharing of observations, reactants and products. 

To conclude the lesson, learners were given worksheets to complete. The written activities 

were given to determine their understanding of the topic and to check the impact of everyday 

chemical change by giving another example- specialist chemical change example. 
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Appendix H1 Worksheet 2 (Wrk 2) 
Name: ------------------------------------------------------- 29 July 2015. 

Date: -----------------------------------------          Grade: 8 

Exercise: 2 

Answer the exercise on the blank spaces left on the answer sheet. Try to answer all the 

questions. 

1. The picture shows an egg in vinegar after a period of 24 hours.  

 

 

fig. 1. An egg after 24 hours. 

(a) What did you observe after 24 hours? (2) 

---------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------- 

(b) Name the two reactants in the reaction? (2) 

---------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------- 

(c) Why does an egg breakdown in vinegar? (1) 

---------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------- 

(d) Below is an equation for the chemical reaction between vinegar and egg shells: 
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Egg shells (98 % Calcium carbonate) + vinegar = calcium acetate + water + carbon 

dioxide. 

Name the products in the above reaction. (3) 

                ---------------------------------------------------------------------------------------------------- 

                ---------------------------------------------------------------------------------------------------- 

2. In the test tube, few drops of hydrochloric acid were added to powdered calcium 

carbonate. 

(a) What did you observe? (2) 

---------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------- 

(b) Name the two reactants in the chemical reaction. (2) 

------------------------------------------------------------------------------------------ 

(c) Below in an equation for the chemical reaction between hydrochloric acid and 

calcium carbonate: 

Calcium carbonate + hydrochloric acid Calcium chloride + water + carbon dioxide. 

Name the products in the chemical reaction. (3) 

                            ------------------------------------------------------------------------------------------- 

                             ------------------------------------------------------------------------------------------ 

                             ------------------------------------------------------------------------------------------- 

(d) What things have happen in reactions in question 1 and question 2 which shows 

that a chemical reaction has taken place? (3) 

(i) -------------------------------------------------------------------------------------- 

(ii) --------------------------------------------------------------------------------------- 

(iii) --------------------------------------------------------------------------------------- 

    (18 Marks) 
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Appendix I 
 

LESSON PLAN: 3     Grade: 8 

29 July 2015      Time: 45 minutes 

Topics: Making lemon tea and blowing with a straw through clear limewater. 

Lesson objectives: 

State observations of the reactions. 

Explain the observations. 

Identify reactants and products in the reactions. 

Share group observations (Test sense-making. Do the groups get the same results?). 

Materials used: 

Familiar resources: Lemon (acid) and Black tea (indicator). 

Specialist resources: Limewater and test tubes. 

Introduction: I introduced the topic by asking learners about examples of chemical 

reactions. This was to get an idea of the prior knowledge learners are bringing to the 

classroom. 

Activity 1: Making lemon tea. 

I brought prepared black tea and poured it into two 100ml beakers. Each group was given two 

beakers with black tea. Each group was given cut lemons and were asked to squeeze lemon 

juice into one of the beakers with black tea. Then, learners were asked to compare colour of 

tea in the two beakers. Learners were asked to share observations in order to learn from one 

another. 

Observations/Results:  Learners were asked to answer the following questions in groups: 

(d) Can you see anything happening? Describe your observations. 

(e) Explain your observations. Why did this happen. 

(f) Groups sharing observations, reactants and products. 

Activity 2: Blowing through the clear limewater. 
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I gave learners each a plastic drinking straw and test tube with limewater. I instructed each to 

blow through the clear limewater and observe colour changes. Learners were asked to share 

observations and to draw them. 

Observations:  Learners were asked to answer the following questions in groups: 

(d) Can you see anything happening? Describe your observations. 

(e) Explain your observations. Why did this happen. 

(f) Groups sharing of observations, reactants and products. 

To conclude the lesson, learners were given worksheets to complete. The written activities 

were given to determine their understanding of the topic and to check the impact of everyday 

chemical change by giving another example- specialist chemical change example. 
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Appendix I 1 Worksheet 3 (Wrk 3) 
Lesson: 3                                                             Grade: 8 

29 July 2015 

Topics:Blowing of carbon dioxide in clear limewater. 

 Question 1 

Activity: Add abut 2cm limewater to a test tube. Blow through a drinking straw to 

bubble carbon dioxide through the lime water solution. 

i. What do you observe? (1) 

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

------------------ 

ii. Explain your observations. Why did this happen? (2) 

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

--------------------------- 

iii. What are the reactants for the reaction? (2) 

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

------------------ 

Question 2 

Activity: Pour the same amount of black tea into each of the two test tubes. 

Add a little lemon juice to one of the test tubes of black tea. 

Leave the second test tube with only black tea. 

Compare the colour of the black tea in the two test tubes. 

Empty and rinse out the test tubes. 

 

 

    fig. 1. Making of lemon tea 

i. What happened to the tea with the lemon juice in it? (1) 
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---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

--------------------------- 

ii. Complete the following statement: (1) 

Acids, like lemon juice, turn black tea ----------------------------------------------------

------ 

iii. When you add lemon juice to black tea, which is the indicator? Give a reason to 

support your answer. (2)  

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

-------------------------- 

iv. What is an indicator? (1) 

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

------------------ 

v. Is the reaction of the lemon juice and black tea a chemical reaction? Give a reason 

to support your answer. (2) 

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

--------------------------- 

(12 Marks) 
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Appendix J 
 

NAME:     14 August 2015. 

GRADE: 8                                           Marks: 50 

I hour. 

SUMMATIVE TEST: CHEMICAL REACTIONS. 

INSTRUCTIONS AND INFORMATION 

 This paper consists of   5 pages. 

 Read all questions carefully before you start answering. 

 Answer all questions in the answer sheet provided. 

 Number your answers correctly according to the numbering system used in this 

question paper. 

 Write neatly and legibly. 

 

1.1 If a pile of screws is left outside for a very long time, a quantity of red/brown powder will 

be found on the screws as shown on figure 1. This process is called rusting. 

Fig.1: Pile of rusting screws 

 

 

1.1.1 Define the term ‘rusting’.        (1) 

1.1.2 Name any factor that causes iron to rust.      (1) 

1.1.3 Is rusting a physical or chemical change? Give reason for your answer.  (2) 
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1.2 If a lump of white wax is warmed, a pool of clear liquid is found. 

1.2.1 Is this change physical or chemical?       (1) 

1.2.2 Give a reason for your answer in question 1.2.1                (1). 

1.3 When a beaker of water is boiling, big bubbles form at the bottom and rise to the top. 

These bubbles are clear- ‘see through’ as shown on figure 2 below: 

Fig. 2: Bubbles of water boiling. 

 
 

1.3.1 Is the above process a physical or chemical change?    (1) 

1.3.2 Give a reason for your answer in question 1.3.1     (1) 

1.3.3 Explain how bubbles are formed?       (2) 

1.3.4 What is inside the clear ‘see-through’ bubbles?      (1) 

1.4 A grade 8 learner bubble carbon dioxide into lime water solution for 2 minutes. 

Fig. 3: Learner bubbles into limewater. 
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1.4.1 What observations were noted by the learner?      (1) 

1.4.2 Explain your observations in question 1.4.1. Why did this happen?   (2) 

1.4.3 What are the reactants for the reaction?       (2) 

1.5 An egg was put in vinegar and observations were done after a period of 24 hours. 

Fig. 4: The egg after 3 days. 

1.5.1     Describe what was observed.         (1) 

1.5.2 Identify the reactants of the above reaction.     (2) 

1.6    The bacteria that live in our mouth create acids. These acids combine with sugar in foods 

and beverages. The acids may breakdown our teeth. 

1.6.1 Give an example of a substance that we use so that our teeth are not ‘eaten’ away by 

the acid.       (1) 

1.6.2 Explain how the choice of your substance works to prevent acids from breaking down 

our teeth.        (1) 

1.7     Magnesium ribbon is burned in a candle flame. 

1.7.1 Describe the reaction of magnesium burning?      (1) 

1.7.2 Identify the product(s) when magnesium burns in air.      (1) 
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1.7.3 Explain the changes that take place?        (2) 

1.8       The following stages show the making of lemon tea from black tea. Carefully study the 

stages and answer the questions that follow. 

Fig. 5: Making of lemon tea. 

 

 

1.8.1 What happened to the black tea when lemon juice was added to it?   (1) 

1.8.2 Is the reaction of the lemon juice and black tea a chemical reaction? Give a reason 

to support your answer.        (2). 

1.9 Choose from the list of words below to complete the following sentences. Write the 

question number and the answer only on your answer sheet. E.g. 1.9.7 Element. 

force reactants atoms products form properties break 

In a chemical reaction, the substances that are produced have new and different -------------- 

(1.9.1) --------. In the reactions, -------- (1.9.2) ---- are re-arranged. A chemical bond is a ------

--- (1.9.3) ----- that holds -------- (1.9.4) ------------- together.  In a reaction, the chemical bonds 

in reactants-------- (1.9.5) ------and new bonds form in the products.    (5) 

10. In the test tube, few drops of hydrochloric acid were added to powdered calcium carbonate. 

10.1What was observe?         

 (1)10.2 Explain the changes that take place in the reaction of hydrochloric acid and 

powdered calcium carbonate.         

  (2) 

11. Match the terms in Column A with their correct meaning in Column B. Write only the 

correct number next to the letter. E.g. 11.8. F. 
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Column A Column B 

11.1 Bond. A. A basic building block of matter. 

11.2Atom B. Increase in size of a solid when heated. 

11.3 Compound. C. A pure substance which cannot be split up into anything 

simpler by chemical reactions. 

11.4 Element. D. A force that holds atoms together. 

11.5 Expand. E. A pure substance formed by a chemical reaction between 

two or more different elements. 

                    (5) 

12.  State whether the following statements describe a physical or chemical change. The first 

has been done for you. 

E.g. Bubbles seen when two substances are mixed.   Chemical change. 

12.1 An ice cube melts.     ----------------------- 

12.2 Trees’ leaves decaying     ----------------------- 

12.3 A burning candle.     ------------------------ 

12.4 A boiled egg.      ------------------------- 

12.5 Ripening of fruits.     ------------------------- 

       (5) 

13. Describe three observations that tells you that a chemical reaction is taking place. 

13.1 

13.2 

13.3.        (3). 

      (50 Marks). 
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Appendix K 
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E~ .shells ('J8% Cnlcium carhilmlll') + vinq!ar .... -calcium ~u:·ct:J tr + w;•ttr + cnrbun 

dioxide. 

Name ~he pmduc1s ;jab<""" rc;~cuon. ( '( / 

c..,~l9.\.ti}'\ ___ ~~HJ~~--~--~~-- --<>-.:~t.hAY-'.'>!.t~-'-<ol~ ----<HR-. 

• j>J.Q_"!;\1,\~ !":'> .... -•••••••••••••••••••• ---••• ·-·-·-••••• ·····-· • -••••••• -·· •••• - ••• -· -•••• 

cm bt,natc. 

(.1) \Vh:11 c.lid you oh$ci'\L'.' l2) 

-tr ::=~:~~:::::=~~=:~:~i::~~~~~~~: ::::: 
(h) N: .. unc lhc 1wo retlCIU,~·' m 1hc ~.·hl.'flliL":tl rcactinn. (2J ~ . ,. " . 

J:{_jdJ!'2r.hlm.l --~- -~<>ktu.~ ...... a!l>:>n,-, - ·---············ 

(c) Below mom <:ttu:tiWI, ft,r the dll.·mkal reaction between hydrcu.:hlnrk acid and 

(,;illdum carbonate: 

C:tkium carbonalc + hy,h-ochloric acid 

carbon dioxide. 

------+ C;lltium chfttddc + \\:th:r -

Name the products II! the du.'lnic;ll r~.:lt on. (~ ) 

(.i:ltC..l~ ...... h..? .. ~R!JrJ .. U. ........... ...,,.....,.,. . ., . ., ..... ~~T.,.----------·-----·· 

.t--1<\L~------~-----------J_ ------------····-··-------- ----------·------

~~---~~-h<>r.-..... dJ=~~--------------------------- -----------
(d) \Vh;n things ha,·c hapjll·n in rC<\t~1ions in quc~linn I 1.111d tJUl''lllln 1 \\Jl1dt ~htm•s 

tlt.11 ;t chcmic31 rcaclimt hm, taf..t."tl ptu.:c·! {3 ) J 
( i) ~h\.!.UlS..i.m.~':Y~J.'l-, . .,{$ltm~.-J ••• ~·-··:.t· .. ··---· ···--···· 
(iii .::.,:l: <h-ar.E:J~~L s .. t AI1\J.t .•. ... • ~"'~---------------·-·---

(iii) -~()j-- .. ix ... =-.ji£Qd.v.L>td.---·······················-·····--···· .. 
(I H M:u·ks) 

• 

• 
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• 

• 

M5-l 

Toeics.,;. Grade: 8 

~ Bubbling of carbon dioxide in limewater. 
!1. Observing colour cha,,ge using black tea and lemon Juice 

1. 

i. 

ii 

iii. 

2. 

Activity: Add abut 2cm limewater to a test tube. Blow through a drinking straw to 

bubble carbon dioxide through the l ime water solution. 
What do you observe> (1) 

-·y···--................. -···-·-····--····---·········-·····If({;···-··-·-····-··-····· .. . 
l.Y~ .. Q.I::l~~---~-s,bS!~f&.Q£.!P.R.C.9 ..... !: ............................. . 

~~~~-~~~.:.~.~~~~-~~:.~::.~:~~:.~.~~:~.~-~~~-~~~~-~x ............ ~·~·••• uo•uuuu••• ..... ••• 

!~--~~<!Y9.:l: .. 9-(\?9!:~00 ... bot&. ~Q.n -~l?l~. ___ or~--- · ·-··- ({1;(() 
_§s:l\.t;a~~ .... £'?.m~ .. ~ .... C.~ .. '-:'.~!:Q ... ~L ... -~ .. ~-~QQn ~r 
What are the reactants lot t e reaction> (2) 
..... ········ ........... fl......... . ..... ·-·-.···-· ·:-:-!::· ..........................••...•........•... 
. ~X~ ..... Q. . ...... f)!JLLLIJ:l~.-~tB.r.h.···-·····-····--··--·············· 

Ac t•vity: Pour the same amour>! of black tea into e•ch of the two test tubes. 
Add a Ii lli~;! lemon juic~ to Ofll::! or lht! tt:~t lUlJe), ol IJidl..k ll;!d. 

leave the second test tube with only black tea. 
Compare the colour of the black tea in the two test tubes. 
Empty and rinse out the test tubes . 

11. lompletc 111e following statement: (l) 
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A 'd l'k I . . bl L () ' o..>l<'l ~o.J,Y c1 s. 1 e emon JUICe. tu1n ac. tea .u ... -~·~----· ---- ---~---·--· 
iii. When you add lemon · •ce to black tea. which is the indicator? Give a reason 

to support your ans er {2) 

112 Marks) • 
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·ij, Wha1 arc :he rc..1\!.l<JJlb invo cd in nlag,Jl~nn burn ing? (2) 
~~CL~?-t~--- ---~g _____ ij_Y-.:f-~W _____________ ______________ _ 

-~D:~I.JJ_(b_ __ qy._~_ci~-----------------···············-··· ··-··- ·---
hi. 

~~b~~·-~~~~:::;r.~:.~~: _______ ··-····························-······· 
C;tn you explain why thl! dwngc take place'! {2) 

k ... C.b~~-~ol .. c.~~~-·· .. ······· .. ···-·--··--····--··-··--
i. 

• 
3. l\,py and complct-: the li . .~llowi.ng~cmcnccs :tlwul \.:hcmi~.:ul rcac.:twn~. Usc the 

'"'nh: 1'1/0/JUC/S :l ND I/E,JC7 lNISOXI. l". 

h __ ..1 In a chc~caction. the •uh<tanccs th:ll arc produt·cd nrc calkd the 
y(c;:p\.IC..t< . ...... ~ .. ~ ............. ~~-~ ..} ______ nt the rcactwu. 

In a chemical n;.l~tion. the suhstan:.:cs thm rc~u:t "llh nne another arc caiii.!J the 

--~s::nc.'l;s~.o.~ ....... ...!.......... . __ /. 
Suhst<lnccs <:lll> l'eact with ""'h other t<> form ---;9'-00IJ~~ ................. .. 

with di ftl:rcnt chcmi<::tf pro,>ertics. 

(~~~~ r"actinn$, re·:u·rallgfnfthc tdOIIlS Iukes plnce, to 1\mn uitTc11.11l 

__ .p _________ \.t\...~---···---···--·-· (-'I) 
• 

(1 7 Mnrl<s) 
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: l~ 
l)IAC\:O.lll{'_1U1 0'1 t,Hii'-IICAL Rf'ACTIO'iS 

A( l '\ IIY SHI'!:T I 

(""'"'''': I h..- ""Iff\.'\. I ''r I' at..: tx· ... t .m"" .. ~r li\'\r.tthc muh1pk cht'lt..'\: qu.....,tu'n~ W\'t."'l 
.:! Cu .. l..- )'"-'' dk•h .. -.: ''' :.10)\\Cf 

·' · \\'nlc dC\\\0 ~''ut tr.:\f'I.JI\JIIc'f'l ft,r )~\ur dtt•h:C un 1.hc lines bell''' · 

I ll•c ""'f c>f1ho Cit.Jh.un;tti\\R C:nhc"tlr•l Hall1n li1gh street....,, c(lppcr roofing. The ,,..,r" 
IUrnllll! ytcL:nl\h 111 n•l•1ur 'I ha, h llet.:.ul,l.', 

e ~ C'\tf~lhlfii1J.I ' I U.:i.'l~ 'Ill.! hornell "Y M:n .... lh . .'al 

B: A chcmlcul ""'"'¥" ;, 111~11111 plucc. 

• 

C: 'l l><·rc <ll'c J> l lllll~ 11r'"' illij lhcr.:. 

I) II 1\ um14.:rncnlh t.:Hiiltny \:f..HniUV tmt. 

I;:\UI!!UU\1\lO 

bec<o~.t>t. -Ire. ,c..,n "'S I~ 1 heacc. 
1~ ~.. '"''~:rs "1 

~ If Jn '"'"nail I' Jell nuhid~: fnr a <'\.'1'Y Inns umo:. a quantity of rcl.brown powder Will b.: 
1<11111<1111 "' piJ.:c I r ""' \\ Clj;ll I he bnm n J"•«<k'1'loU imn on the Sl'•k. \<Mt wuld he the 
P."""'ihl~ ubo\.Cf\·Jtaun.,·• 

( ~.-:» ur lhi..' n.ut R.11Wif~ th~ !\;JfT'h: 

Q !.lib> o~i\&IIIO.:n:.I\C Jnd ll>..'ft ·ud.k1'11) Ill.=. 

E.\cl.m•uppg 

h.. 1.:. £1f0J.o ........ ;,.,.­

st , • t ---
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3 Wl-.'1\ • t..;.at.,.,. ••I " ·'""'" h.11lonJ!. hig hubbi<.:S form a<lhdx•U••m Jn<l n"' '" ch,· hlp 
TlH.""C huhhfc-, \In: ..::1'-"ill· ·"""\: thwuJ;h". \\ ~~ "1&idc ltb.: bubblt."' U( \\h.1t .an.: ltk 
t-ut>~>k-. nu.~c •• r• 

(3 Tik·n· '" 4'\)i;l.."n and h~c~1.·n 
n· n"'-rc ·~ nutluny 

c~ Auhhlc" :uc mr \1 tli~&\ I \'J 11 f:. lf1 .\ liiCr, 

l): lluhhh.:~ M\.! W,ll \!1 \UilOIIF 

..&a<~ \l'lc. ~~'Q~I•.,. ~tl;_~Git<'~ p~ '\U CI\ C.I 

"""' <>-~ ~c:l' rwl 1-t~l•~eJf" • ~ 'v,.lo.'< ... r ~ 
4. II n h~~~~~r ' ' '" ul~r ;, ~~pi l~nllng for o l<>ng lim~. il ~an be seen thai I he lc<cl ul 11 •lcrt n 
th~ hctl~cr ~;~>co down. Wh). d<'t:> lhb httflpcn'! 

(II;) 1 1 ~.11 d•·;nroy ahc \\Dlcr pan tck . 

B Wutcr p•fl•clc; utc . ,.,,, . frum t~c bc:~ker. 
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• 

• 

A: Have a strong fbn:~: holding_lhcm ~ether 

® H;t\·c \\'l!ot~er ftm:<:' bctwecn~6 

C: Hdvc ..... <tr(..·mdy wc~1k rorci!S between thcrn. 

C' \1ovc \'t:ry lh~l. 

we,e,k erOf\W« b;iu eer 11)c th • 

(l . Ctmtph:u: the rollowing ~tutcment with the ttppropriatc word rrom t~ below: 

Allmaucr is made up of I he smallest buddmg blocks called .,it.~_«J;, . They arc w ry. 
\ err small and c-vc:ry\\ here. even in the JOod \\'C t.'\JI. 

A: Com1X>unds 

B: Elcmcnl' j 
©A•c:omv 
D: M iXIUI'CS. 

~plan:ninn 

.-\he. etsmenLS Qle. 

?. Fill in the corrcct)vord: 

An ~. I trn•.f"t: V consists of atoms or only one kind, such as hydrogen (H) and chlorine 
(CI). h c.10110t he sep<mlled or broken down into another simpler substance . 

C: Atoms 

EXI)Janation 

8. A s li ce ofbrcn.d is hclc.J c.lown ifl n toa.stc1· tor 10 mlnutc:l. o cri~p hlnck sllcc come~ out 'this 

slice is b lack <~li the way through. Imagine y"u have a slice of bread nnd one of these b lack 
sficcs nn I he lablc in fmnt of you. How many suhstancC$ W~)ufd chc1c be on the table? 
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6 I 'fi 
B·' 

C: 1: 2 .u\CI l 

1). <\liM the Jbmc. 

t::snlooJitpn 

c. an t~ 

~C\-
\1. The teacher boiled an egg li>r 10 minutes. He a,<h'<ilhc studcnl lo compare an UJl001h:d egg 
11i1h 1hc l1<ulc:tl one. Which i~ 1hc hcsL cxplan~li<m m>de by lhc student? 

A. Th15 IS an c~ample of a ~hysical chongc. 

B: A boik'tl Cllll is 11 nc\\ product 

~ Th1s " •n •=-•mplc of • chc~l change liS '11 was an e¥s and itts still on egg·. 

0: A It"' led e1111 is nola new pmducl 

""'*"""on 
IL_ 1ho"""'--

I 0. If a lump of whllo wax 1s wnnntd. a pool of clc:1r liqu1d is foutd in it• plac.:. nus chllllJ;C 
<>f s1a1c IS an c.~runplc of. 
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' 

e A: Ch4!11'i~ul ~hunt;c: 11 .. wn<i. h.a-; ~h11nJ;.cd il~ ftmu. 

• 

B: Ph) ••m:ol dwn1;c n:\ wax changed i1s fonn but remain the sumc ~ut, ... tancL:. 

<.:: ChcmtcoJI clmn~c tiS Wtl \! h:ss ntH chun~cd ic" IUnn. 

@I'~.:" I d10n~c , ,~ 1\ ;1~ has changed liS funn. 

~((tll O I I UU\ 

1\1, __.Q ~i;\ l:tC\.\ ~O"CJ<"< 
¥ 1t u f:f'u-
JJ . When you hc:~l a ><•l id irun ball u11 1hc stove: 

A The num\x"'' ,r 111\llt'\:ulc.s mcrca.s~ 

B: Mt>l~ule$ e~r·•~~<l ••r gel lari!C< 

c· Mllk'\.'111. ... <IUy I he ••me S17.C bul funllcr move funii<T apan. 

<!). Moi~C$ slay I he -arne bul mo•c doscr 111 each mher. 

~Wl!ll 

'Th~ 
C,wo,~ 

12. A hunun11 cnmllc cun qu<!l>1inn I 0) 1S an c~amplc of a chcm1ml n!Jclu•n. Which arc IIIC 
rt:a\:lJnl) (~uhscanet.-s n:~tcttng) in lhl~ d'k.."'lltc:aJ n.~nct•,,n·? 

0J "'·" and lire ~ 
B: wax and o' ygcn 

C: ~trint; or \\ id~ bun·ung... 
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0: \Vu~ .md 111~k hutoiiii!!­

L.wl.on,UII.IJ.I 

wu< !(., 

J 1 Magnc. .. •um ., hum I lu pn-.tuu: motgncsmm t.lXtd...: anc.l t:\:(..'\..'"S ~·.n 1111'> ·~ :m fr."\,lnlplt: ,,, o1 

..:hcrnic.1l ch.mJ:~ lin" h" -.:hcmil',ll~o.·hmgc different from a rh)~lc.:JI ch...1ng.c' 

A; A tun~ .mel muk'\."Ul.,.":\ 'Jll.'-d ur or ~tow duwn. 

B A nt:\\ "'lUJ.IIlu: 1 .. nul fimnL-..1. 

(9 1\ nc'\...4 .... 111<.\'" lo•mR,I. 

0 . A dh .. 1llu.:o•l t.:h.lllt;4: ,;Jn he r.,:\\.'l ~ihlc hy rhysiei~l mcan~·­

Exn!Jn.UJvn 

C\1e_ c•ec,t-•"~ 01sdw 
~ct_e~--!;;~~!.l'L ~·ecc•rlj 

.£~'41..~ 1--J\"1~" 
It<' c...I-!J~e. 

Cl'l•"" oco.\ 
~ '<.'-1\:>s \CJ"CC:: 

t ·t l ' smg the hurmng n I' muJ:!ncs•um ,, ' an example. which of lh\! ~~ .. l knving dc-t:icrlb~,.: u 
.;lu.:n•ic~•lt·~:u.:ti,)n·.• 

® h ~hon haJ'Ih.'ll:-. \\ ht.' '' ''c mix di l'f.:rl.!n1)lrtlducls. 

a: II b •Ill c!\""''IIUl pfJ h,tl h~tm 

C· It is um; IU \\ h 1t:h th~.:rc It; a Chi1nJ::C Of substance. 

D: ll d~H."' nHt hJ\ c rt'\)(]ut.!tS .tntJ ··~.:ncmnt-.. 

Exni.IDJI!\11' 

IS. \VhJt .:an.• -Mltn.· 4\f I h.: thin!!~C: lh.Jl hnpp...-n m a ilicmkal rcaL1inn? 

t\ 1\ I\\ D}' """""'Jillnicd by a smdly ch.m_gc. 

8: Ruhhl.:s ore"'"'">" fimnC<I 

(': Th\!1\: o< "''"" brc.o~inll an<l ho.md limmng. 

C R\.'th:l.mtl\ nh. ~'I·,..Juccd. 

• 

• 
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• 

.. ' .(!i] 
1. 1,\~vS t•')' r-s 

'\~~ <)h<!] I~ 
~rfn<., 

~J 

6rg-le Bb 

O.VI~.:Il-lo,.. • 

Ql \'\"(_\ ;r) \en 
ru~: 

'·'·z.>-ra\tf. ~ 
f.~s. T ~ is a C.~ttv>; c.~l c..n~~ b~<.-.3~ 

~J..a~'~.:._' 
i,Z.I. (. hl!,...,i ~() J 

1.2 . z.. \3e<.-~ 

<,..hi'~.L.­

~·1,·3 .1. G. h(J1'1;c;a) "f' 
-:f:F. 1 .-:~.2. B~c.a<..U~ :y><.J 

1'·3·3. \--!1..~" ::.1~ 
lh~t, t~ ~-,~~.<lr 

be.• I <l"<:) n.~ 07 'jO up a.....t 
10.u-. Tr is ~H:.t. 

A 

• J.L\.\.\jcu 'p \~~ 'P 
l·ll· ~- B~c~ t h~ I ~ilfh~r l:o..J bl<:wv 

Jboub l<0-l 1-<.rm(CI. T J 
I.(J..~. Oxj';,\~~ and G~fbo., d.~.~ 

\.JS,I. A <.c\ovr ;:~-o.,,"9~ ·~ cD 
(6.~. 'l~...;t.~a-c./ev-0 <Jn '!::J.:J ~\\.-
II'. 

~ · 1>.1 W<!~l'.r . ~ 
~(:,_ 2. jo•.J dn" lc. 

ac.i<::l vb.-.+ <j'<:.t' 

MA-4 

OU\-s'tcl~ (:01 a lonJ 

~ VI~ Sl!.~ ' IT • 

v P· 
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Appendix L 
 

Transcript of focus group interview 

Q. Some learners would say that the topic on chemical reactions is 

difficult. What would you tell them? 

L1: Some of us we are studying the topic for the first time 

Tr : So?  

L1: The topic is new, so we sometimes don’t understand it. 

Tr : What is it that you don’t understand? 

L2: A lot of things we don’t understand (pause) 

Tr : Go on 

L2: Some words needs a dictionary to understand them. 

Tr : You mean, some words in science are difficult to understand? 

L5: Many words teachers use, we don’t understand them. The words are ‘big’, for example, 

hydrochloric acid, limewater and many others. 

Tr: Oh ! 

Tr : Anyone who would like to add something? 

Silence 

Tr : Anyone to add something 

L3: When we don’t understand the words used in class, we won’t be learning. 

Tr: What then should be done? 

L3: Teachers should mix English and Xhosa to help us understand as these rare words are a 

problem for us. We lose interest in learning because of these hard words. 

Q. How would you then describe the best way of teaching and 

learning chemical reactions? 
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L6: Teachers should use substances we see everyday like the ones we were using. Substances 

we use at home to make learning of chemical reactions easier to understand. 

L1:I will be focused on unfamiliar substances because I fear that it will damage my skin and 

not focussing on the lesson. 

Tr: Anything to add? 

L1: Teaching using practical activities makes science easy to understand. 

Tr : How does it make understanding easy? 

L4: We can see things changing. 

L1: We observe chemical reactions happening. 

Tr : What else? 

Tr : Yes (glancing to a learner who had not said anything) 

L5: You can touch. 

Tr : Which other sense would you use (fanning with a hand) 

L6: Smelling. 

L3: Sir, learning is easier when we are doing practical activities. 

Tr : Ok 

Tr :Q. What of the use of familiar resources? Did you find it as a 

useful way to learn chemical reactions? 

Ye-s (Chorus answer) 

L2: Using what we know like eggs and vinegar made us discover what we did not know. 

Tr: Like what? 

L2: Like vinegar is an acid 

Tr: What does an acid do? 

L3: It makes egg shell to dissolve 

Tr: What other things did we use? 



145 
 

L4: Handy –andy, sunlight liquid 

Tr : We didn’t use them but I showed you as examples of chemicals from home 

L3:Tea 

Tr : Black tea (pause); Was their use helpful? 

L2: Yes, because we know these things from home. 

Tr : What do say (referring to L6) 

L6: What do you say? I don’t understand  

Tr : Using familiar resources from home, was it helpful to understand chemical reactions? 

L6: Yes Sir. 

L1: The things we know makes it easier to remember science. 

L4: Teachers should always give us worksheets to complete after lessons. 

Tr : Why? 

L4: You can do further study at home. 

L3: Use of resources from home is important.  

Tr : It makes you like science and studying it. 

Tr : Thank you guys! 

Tr :Q. Did you find the use of practical activities in the learning of 

chemical reaction in Natural Sciences useful or not? 

L4: Practical activities make science so easy as practical activities are easy to follow 

L1: It was useful Sir. Teachers who don’t use practical activities makes life difficult. 

Tr : Do you agree 

L5: We see what we are doing and practical activities help us to develop more knowledge   

L2: Teachers write what they want us to do on chalkboard 

L4: If teacher says do this on chalkboard, science becomes boring. 
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Tr : What else are the uses of practical activities?(referring to L6) 

L6: Easy to remember and help us to handle substances such as acids. 

L3: Practical activities help us to link things we know at home with sciences in the classroom 

and makes science fun to do 

Tr: Anything else: 

L5: Practical activities help us to know substances that react and those that do not 

Tr: Thank you. 

Tr : What was it like for you when you were learning chemical 

reactions using specialised chemicals and familiar resources? 

(Silence) 

Tr : We used specialised and familiar chemicals in our lessons. Which part of the lesson have 

you enjoyed the most? 

L4: Specialised 

Tr : Which part? 

L4: When we were burning magnesium 

Tr : Ok which part of the lesson was easier to understand 

L1: When we used familiar resources 

Tr : Can you explain why you think so?  

L1: We don’t understand some words of specialised chemicals, the language used we don’t 

understand. E.g. Limewater. 

Tr : You mean the language is not familiar 

Yes (chorus answer). 

Tr : Thank you so much. 

 

END. 
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Appendix M 
 

ANALYTICAL MEMO (AM) 1: CONCEPTS FOUND CHALLENGING BY LEARNERS (Collated 

from pilot test, diagnostic test, learners’ class worksheets, summative test, learners’ 

concept maps and reflections and from semi-structured interviews with the focus group) 

Table A1: Summary of attempts to make meaning from scientific concepts: Which 

scientific concepts do learners find difficult to construct precise meaning in interpreting 

chemical reactions? [This will inform Section 5.1 of chapter 5]  

Category Question 

number (Pilot, 

Diagnostic and 

Summative 

tests) 

Learner responses Source of 

response/data 

Learners’ 

description of 

physical 

phenomenon 

1 Copper roofing are burned 

by sun and heat. 

 

Diag: 

MA-

1p1;ML-

5p1;MS-

4p1;MQ-

1p1;NL-

2p1 

Pilo:MA-

1p3;MA-

1p4;ML-

2p2;MT-

2p1;ME-

1p2. 

4  It’s because heat is the 

destroyer of particles, 

meaning that particles are 

easily destroyed by heat. 

Diag: MS-1p2; ML-

2p2;MB-3p2;MA-

4p2;MQ-1p2 
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4  I think the particles would 

get lost because the heat 

would have been enough, so 

they would losen up as 

particles of gas and 

disappear 

Diag: MZ-1p2 

10 I think so because it would 

have changed from being 

solid to liquid, when 

explains that the form it was 

before let go the particles 

and turned into another 

form 

Diag: MZ-1p4 

4 It is heat that destroy 

because water is kept 

boiling for a long time 

Diag: MN-2p2;MS-

2p2;NB-1p2 

2  I think the mass will 

increase because iron gets 

more heavier in powder 

form or any form  

Diag:MZ-1p1 

1 The roof is ‘getting old’  Diag:MH-1p1;MS-1p1 

2 The nail will be ‘old and 

rusty’  

Diag:MH-1p2 

2  Mass of nail decrease 

because the particles are 

broken down 

Diag:MQ-1p1 

9  This is example of physical 

change, because the egg 

turned to a new product 

which is no longer the 

liquid. It is solid egg. 

Diag:NL-1p3 

2  Mass of nail increases 

because it has gotten some 

Diag:NL-1p1 
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nutrients, light and heat 

from the sun 

10  It’s a physical change 

because when you light it 

goes down little by little 

Diag:NS-4p4 

2 Iron ball shrinks when it got 

cooled down 

Pilo: NS-5p1 

Learners’ 

description of 

chemical 

phenomenon 

   

1.6.2  It contains calcium and the 

calcium makes the teeth 

strong and protected from 

acid 

Summ:MS-1 

1.1.1  Rusting is when the 

product turns dry or old 

Summ:MS-2 

1.1.3 Object which is attracted to 

rust  

Summ:MS-2 

10  Chemical change as wax 

has changed its form, to 

become water because it 

melts 

Summ:NL-1p4 

1.2.1 Chemical change you form 

two substances 

Summ:ML-2 

1.2.1 Chemical change because 

wax changes to clear liquid 

Summ:MS-3 

1.1.3  Chemical change because I 

see it change 

Summ:MS-4 

1.3.2  Chemical change because 

mix some products 

Summ:MQ-1 

 EGG AND VINEGAR  

 Iganda liyatshinsha ikhala 

libemhlope 

Cm: MA-1 

 The shell disappears Cm:MQ-1 
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 It eats the shell and change 

colour 

Cm:NS-4 

 It develops small bubbles Cm:NS-4; MZ-1;ML-5 

 The egg is eaten up by 

vinegar until it is soft 

Cm:NL-1 

 Vinegar eats the shell Cm:MZ-1 

 The shell becomes soft Cm:NS-1 

 The egg is boiling Cm:NS-1 

 BLOWING THROUGH 

CLEAR LIMEWATER 

 

 Colour change Cm:ME-1;MS-2;MA-

4;MS-5;ML-2;NS-

4;MQ-1 

 Changes its colour into 

complete white 

Cm:ML-5 

 More bubbles are formed Cm:MS-1 

 Carbon dioxide is added Cm:NS-1 

 Colour changes it turns to 

milky 

Cm:MA-1 

 RUSTING  

 When something rust, its 

make of water and sun 

Cm: MB-1;MM-1 

 Metal changes colour Cm:NL-1; MT-1; ML-

2; MA-4; MS-2; MZ-

1; MS-1; NA-2; ME-1; 

NS-1; NS-5;ML-5. 

Responses that 

may indicate 

conceptual 

 I don’t understand the 

language 

Refl: MA-4 

 The challenges that I face 

are when the teachedoen’n 

do example and when I 

Refl:NS-5 
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challenge to 

learners 

don’t see the reall things 

that we learn about 

 Many terms we don’t know Refl:ML-2;MA-4 

 Words we don’t understand 

e.g hydrochloric acid 

Refl:MA-4 

 WE memorise words and 

soon forget them 

Refl:MS-5 

 Boring because of words we 

don’t understand 

Refl:MA-4 

 Rare chemicals are a 

challenge 

Refl:MS-1 

 I will be focused on 

unfamiliar resource because 

of fear that it will damage 

me – my skin … lesson 

becomes boring 

Refl:MS-1 

 Hard to understand Refl:ML-5;MS-4;ME-

1 

 (I understand science) when 

Im taught in English and 

Xhosa 

Refl: NS-5; MS-2;NS-

1. 

 Words I don’t understand 

make me lose interest in the 

subject 

Refl:MA-4;NS-1 

 The topic is new, so we 

sometimes don’t understand 

it. 

Fgi:L1 

 Some words need a 

dictionary to understand 

them. 

Fgi:L2 

 When we don’t understand 

the words used in class, we 

won’t be learning. 

Fgi:L3 
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  Many words teachers use, 

we don’t understand them. 

The words are big, for 

example, hydrochloric acid, 

limewater and many others. 

Fig: L5 

  Teachers should mix 

English and Xhosa to help 

us understand as these are 

rare words are a problem for 

us. We lose interest in the 

learning because of these 

hard words. 

Fig: L3 

 

 

Key for the respondents: 

Diag: MA-1p1- Diagnostic test; Learner code number; page one 

Pilo: MA-1p3- Pilot test; learner code number; page 3 

Summ: MS-1- Summative test; Learner code number. 

Cm: MS-3- Concept maps; learner code number 

Refl: ML-2- Reflections; learner code number 

Fgi: L3- Focus group interview; Learner 3 
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Appendix N 
 

ANALYTICAL MEMO 1: APPLYING PRIOR KNOWLEDGE PRACTICES (Collated 

from pilot test, diagnostic test, learners’ class worksheets, summative test, learners’ 

concept maps and reflections and from semi-structured interviews with the focus group) 

Table A2: Summary of prior knowledge application in Natural Sciences: WHAT FORMS 

OF PRIOR KNOWLEDGE ARE BEING APPLIED BY LEARNERS? [This will inform 

Section 5.2 of Chapter 5] 

 

 

Category Question 

number 

Learner responses Source of 

response/data 

Everyday 

notions of 

oxidation of 

metals. 

1 Copper roofing are burned by sun 

and heat 

Diag: MA-

1p1;ML-

5p1;MS-

4p1;MQ-

1p1;NL-2p1 

Pilo:MA-

1p3;MA-

1p4;ML-

2p2;MT-

2p1;ME-1p2. 

9 Because the rust eats the iron nail 

and will lose its mass 

Pilo: MK-

1p3;NS-5p3 

2 Because mass of the nail increases 

because of the weather outside 

Pilo: MT-2p1 

2 The nail will be ‘old and rusty’ Diag;MH-1p1 

2 Mass of nail decrease because the 

particles are broken down 

Diag:MQ-1p1 
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2 Mass of nail increases because it 

has gotten some nutrients, light and 

heat from the sun 

Diag:NL-1p1 

1.1 Rusting is when a substance such 

as water and oxygen gets attracted 

to an iron or steel 

Wrk 1:MS-2 

1.1 Rusting is a chemical reaction 

which contains water and oxygen 

Wrk 1:ML-3 

1.1 Rusting is something that is old Wrk 1:MM-1 

1.1  Rusting is when something 

becomes dull with brownish colour 

Wrk 1:MQ-1 

2.1 I think it will grow larger because 

when metal burns it grows due to 

the heat 

Wrk 1:MZ-1 

1.7.3  Magnesium ‘appears’ like 

fireworks and ashes are formed 

Summ:MS-1 

 MAGNESIUM BURNING  

 Ashes are formed Cm: NS-1; MZ-

1;MA-4; MS-5 

 Light like fireworks Cm:MZ-1;MA-

4;MS-5 

 RUSTING (CM)  

 When something rust, its make of 

water and sun 

Cm:CM: MB-

1;MM-1 

 Powder is formed Cm:MS-1 

 Water causes rust Cm:NS-1 
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Uses of 

everyday prior 

knowledge to 

explain 

scientific 

concepts 

1 Copper roofing are burned by sun 

and heat 

Diag: MA-

1p1;ML-

5p1;MS-

4p1;MQ-

1p1;NL-2p1 

Pilo:MA-

1p3;MA-

1p4;ML-

2p2;MT-

2p1;ME-1p2. 

4 4 Its because the heat is the 

destroyer of particles, meaning that 

the particles are easily destroyed by 

heat 

Diag:MS-1p2; 

ML-1p2; MB-

3p2; MA-4p2; 

MQ-1p2 

4 4 I think the particles would get lost 

because the heat would have been 

enough, so they would losen up as 

particles of gas and disappear 

Diag:MZ-1p2 

10 10 I think so because it would have 

changed from being solid to liquid, 

when explains that the form it was 

before let go the particles and 

turned into another form 

Diag: MZ-1p4 

10 Chemical change as wax has 

changed its form, to become water 

because it melts 

Diag:NL-1p4 

1 The roof is ‘getting old’  Diag:MH-

1p1;MS-1p1 

1 Water get cold and turn hard Pilo:ME-1p1 

3 The water is ‘getting hot’  Diag:MH-1p2 

2  Mass of nail decrease because the 

particles are broken down 

Diag:MQ-1p1 
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11 Heat destroy the water particles Pilo:ML-2p4 

9 This is an example of a physical 

change, because the egg turned to a 

new product which is no longer the 

liquid. It is solid egg 

Diag:NL-1p3 

10 It’s a physical change because 

when you light it goes down little 

by little 

Diag:NS-4p4 

2 Iron  ball shrinks when it gets 

cooled down 

Pilo:NS-5p1 

1.1 Rusting is when a substance such 

as water and oxygen gets attracted 

to an iron or steel 

Wrk 1:MS-2 

1.1 Rusting is a chemical reaction 

which contains water and oxygen 

Wrk 1:ML-3 

1.1  Rusting is when something 

becomes dull with brownish colour 

Wrk 1:MQ-1 

1a Egg gets bigger Wrk 2:MS-5 

1c Egg breaks down Wrk 2:ML-5 

2a It starts to boiling Wrk 2:MB-

2;MA-4;NA-3. 

 EGG AND VINEGAR  

 Igandaliyatshinshaikhalalibemhlope Cm:: MA-1 

 The shell disappears Cm:MQ-1 

 It eats the shell and change colour Cm:NS-4 

 It develops small bubbles Cm:NS-4; MZ-

1;ML-5 

 The egg is eaten up by vinegar until 

it is soft 

Cm:NL-1 

 Vinegar eats the shell Cm:MZ-1 

 The shell becomes soft Cm:NS-1 

 The shell fall Cm:MA-4 

 The egg shell brakes Cm:MS-1 
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 The egg is boiling Cm:NS-1 

 Egg shell is removed Cm:ML-5 

Everyday 

notions of 

boiling 

4 Its because heat is the destroyer of 

particles, meaning that particles are 

easily destroyed 

Diag:MS-1p2; 

ML-2p2; MB-

3p2; MA-4p2; 

MQ-1p2 

4  I think the particles would get lost 

because the heat would have been 

enough, so they would losen up as 

particles of gas and disappear 

Diag:MZ-1p2 

4  It is heat that destroy because 

water is kept boiling for a long time 

Diag:MN-2p2; 

MS-2p2; NB-1p2 

11  Because the water molecules will 

burn 

Pilo: MK-1p4 

4  Heat is absorbed by water Diag:MH-1p2 

5 The water is ‘getting hot’ Diag:MH-1p2 

11  Heat destroy the water particles Pilo:ML-2p4 

11 Heat is burning the water Diag:MA-1p1 

5  Water particles will move very fast Pilo:MT-2p4 

13  Water is hot and the particles gains 

heat energy 

Pilo:MT-2p4 

4 Water can be destroy Diag:MA-5p2 

11 Water molecules will burn Pilo: NS-5p3 

2a It starts to boiling Wrk 2:MB-

2;MA-4;NA-3 

1.3.1 Chemical change because the water 

is boiling, which means there is a 

change 

Summ:MS-3 

Everyday 

notions of 

4 Its because heat is the destroyer of 

particles, meaning that particles are 

easily destroyed by heat 

Diag:MS-

1p2;ML-

2p2;MB-
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heating 

substances 

3p2;MA-

4p2;MQ-1p2 

2.1 I think it will grow larger because 

when metal burns it grows due to 

the heat 

Wrk 1:MZ-1 

8 Its because heat creates new 

substances, e.g boiling water. 

Boiled water is safer than non-

boiled because of heat 

Diag:MS-1p2 

1  I think so because once heat get 

very hot it makes an object change 

its colour due to the hot heat 

Diag:MZ-1p1 

4  I think the particles would get lost 

because the heat would have 

enough, and so they would losen up 

as particles of gas and disappear 

Diag:MZ-1p2 

10  It is heat that destroy because 

water is kept boiling for a long time 

Diag:MN-

2p2;MS-2p2;NB-

1p2 

11  I think it will be a little larger than 

before because the particles will 

expand or spread due to heat 

Diag:MS-

2p4MS-3p4;MA-

4p4;NL-1p4 

4  Heat is absorbed by water particles Diag:MH-1p2 

11 Heat destroy the water particles Pilo:MT-2p4 

11  Heat is burning the water Diag:MA-1p1 

13  Water is hot and the particles gains 

heat energy 

Pilo:MT-2p4 

1.2.1 Chemical change because wax 

change to clear liquid 

Summ:MS-3 

Uses of 

everyday 

language 

1.1 Rusting is when a substance such 

as water and oxygen gets attracted 

to an iron or steel 

Wrk 1:MS-2 
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1.1 Rusting is a chemical reaction 

which contains water and oxygen 

Wrk 1:ML-3 

1.1 Rusting is something that is old Wrk 1:MM-1 

1.1  Rusting is when something 

becomes dull with brownish colour 

Wrk 1:MQ-1 

1a Egg gets bigger Wrk 2:MS-5 

1c Egg breaks down Wrk 2:ML-5 

2a It starts to boiling Wrk 2:MB-

2;MA-4;NA-3. 

1 Copper roofing are burned by sun 

and heat 

Diag: MA-

1p1;ML-

5p1;MS-

4p1;MQ-

1p1;NL-2p1 

Pilo: MA-1p3; 

MA-1p4; ML-

2p2; MT-2p1; 

ME-1p2. 

9 Because the eats the iron nail and it 

will lose its mass 

Pilo: MK-1p3; 

NS-5p3 

4 Its because the heat is the destroyer 

of particles, meaning that the 

particles are easily destroyed by 

heat 

Diag:MS-1p2; 

ML-1p2; MB-

3p2; MA-4p2; 

MQ-1p2 

4  I think the particles would get lost 

because the heat would have been 

enough, so they would losen up as 

particles of gas and disappear 

Diag:MZ-1p2 

10  I think so because it would have 

changed from being solid to liquid, 

when explains that the form it was 

Diag: MZ-1p4 
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before let go the particles and 

turned into another form 

1  Sun burns the roofing and the 

colour changes 

Diag:MS-2p1 

10  Chemical change as wax has 

changed its form, to become water 

because it melts 

Diag:NL-1p4 

1 The roof is ‘getting old’  Diag:MH-

1p1;MS-1p1 

1  Water get cold and turn hard Pilo:ME-1p1 

3  The water is ‘getting hot’  Diag:MH-1p2 

2  Mass of nail decrease because the 

particles are broken down 

Diag:MQ-1p1 

11  Heat destroy the water particles Pilo:ML-2p4 

7 The sun’s ‘heat is strong’ Pilo:MA-4p3 

3  Wax melts when there is fire Pilo:MT-2p2 

2  Mass of nail decrease because the 

particles are broken down 

Diag:MQ-1p1 

9  This is an example of a physical 

change, because the egg turned to a 

new product which is no longer the 

liquid. It is solid egg. 

Diag:NL-1p3 

10  Its physical change because when 

you light it goes down little by little 

Diag:NS-4p4 

2 Iron ball shrinks when it gets 

cooled down 

Pilo:NS-5p1 

11 Water molecules will burn Pilo:NS-5p3 

13  The particles melt faster when 

combined with heat 

Pilo:NS-5p2 

1.1.3 Object which is attracted to the rust Summ:MS-2 

1.5.1  I thought the egg will be well 

cooked 

Summ:ML-2 

1.5.1 The egg was boiled Summ:MS-3 
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1.1.1  If you put iron out for a long time 

it will rust 

Summ:MM-1 

1.1.3  Chemical change because I see it 

changing 

Summ:MA-4 

1.3.1  Chemical change because I see it 

changing 

Summ:MA-4 

 RUSTING (CM)  

 When something rust, its make of 

water and sun 

Cm: MB-1;MM-

1 

 When a metal stays in water for a 

long time 

Cm:NS-4;MN-3 

 The colour it will be brown Cm:MS-5 

 When a metal has been heated, it 

get rusting 

Cm:MA-4 

 Powder is formed Cm:MS-1 

 Water causes rust Cm:NS-1 

 Its because of sun and air Cm:MN-3 

 EGG + VINEGAR REACTION  

 The shell disappears Cm:MQ-1 

 Colour changes Cm:MS-3; MA-

2; MM-1; MQ-1; 

MA-5; ML-2; 

MS-1; ME-1 

 It eats the shell and change colour Cm:NS-4 

 It develops small bubbles Cm:NS-4; MZ-

1;ML-5 

 The egg is eaten up by vinegar until 

it is soft 

Cm:NL-1 

 Vinegar eats the shell Cm:MZ-1 

 The shell becomes soft Cm:NS-1 

 The shell fall Cm:MA-4 

 The egg shell brakes Cm:MS-1 
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 The egg is boiling Cm:NS-1 

 Egg shell is removed Cm:ML-5 

 MAGNESIUM BURNING  

 Light like fireworks Cm:MZ-1;NL-1. 

 

Key for the respondents: 

Diag: MA-1p1- Diagnostic test; Learner code number; page one 

Pilo: MA-1p3- Pilot test; learner code number; page 3 

Summ: MS-1- Summative test; Learner code number. 

Cm: MS-3- Concept maps; learner code number 

Wrk 1: MZ-1- Worksheet 1; learner code number 

Wrk 2: ML-5- Worksheet 2; learner code number. 

Appendix O  

ANALYTICAL MEMO 1: CONCEPTS CULMINATING IN CHEMICAL 

REACTIONS UNDERSTANDING (Collated from pilot test, diagnostic test, learners’ 

class worksheets, summative test, learners’ concept maps and reflections and from semi-

structured interviews with the focus group) 

Table A4: Summary of concepts culminating in chemical reactions understanding: 

WHAT FORMS OF LEARNING INTERACTIONS ARE DONE BY LEARNERS 

DURING MEDIATION OF LEARNING? [This will inform Section 5.4 of Chapter 5] 

Category Question 

number 

Learner response Source of 

response/data 

Atoms as building 

blocks of matter 

6  Atoms are building 

blocks consisting of 

molecules which are 

called particles 

Diag:MS-5p3 
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7  Because atoms are 

elements which are 

called gases 

Diag:MQ-1p3 

6 Its because atoms are all 

the liquids and elements 

Diag:MS-1p3 

6 All matter is made up of 

the smallest building 

blocks called mixtures, 

they are everywhere in 

the food we eat 

Diag:MN-2p2 

7  Atoms are made up of 

elements 

Diag:ML-2p2 

6  Atoms are everywhere 

in the food we eat, they 

got oxygen that comes 

from plants 

Diag:NL-1p3 

Responses linked to 

change of state 

13  Because the particles 

melt faster when 

combined with heat 

Pilo:MK-1p4 

10 I think so because it 

would have changed 

from being solid to 

liquid, before let go the 

particles and turned into 

another form 

Diag:MZ-1p4 

10  Chemical change as wax 

has changed its form, to 

become water because it 

melts 

Diag:NL-1p4 

7  When something is 

heated it usually breaks 

Diag:ML-5p3 
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6  Physical change is when 

you change solid to 

liquid 

Pilo:MA-4p2 

3  Wax melts when there is 

fire 

Pilo:MT-2p2 

9  This is an example of a 

physical change, because 

the egg turned into a new 

product which is no 

longer the liquid. It is 

solid egg. 

Diag:NL-1p3 

10  It’s a physical change 

because when you light it 

goes down little by little 

Diag:NS-4p4 

1.2.1  Chemical change 

because wax change to 

clear liquid 

Diag:MS-3 

Responses linked to 

compounds, 

elements, mixtures 

and molecules 

14  Molecules expand or get 

larger 

Pilo:MA-1p4 

14 Its because chemical 

reactions take place 

when two or more 

compounds react and 

form a new substances 

Diag:MS-1p5;ML-

5p5 

14 The more iron get hot the 

more molecules expands 

Pilo:MT-2p4 

7 We call it an element 

because because an 

element is whereby two 

atoms are mixed together 

to make a solution or 

substance 

Diag:MS-1p3 
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6  All matter is made up of 

the smallest building 

block called mixtures, 

they are everywhere in 

the food we eat 

Diag:MN-2p3 

7  Compound made up of 

two substances 

Diag:MS-2p2 

7 Elements it have only 

one kind of hydrogen 

Diag:MS-3p3 

7 An element because air 

and materials are other 

kinds of elements 

Diag:NS-1p2 

11  molecules expand Diag:NS-1p4 

15 Its because chemical 

reaction is the process of 

producing reactants 

Diag:MS-1p5 

9  This is an example of a 

physical change, because 

the egg turned to a new 

product which is no 

longer the liquid. It is 

solid egg. 

Diag:NL-1p3 

1.3.2 Chemical reaction 

because mix some 

products 

Summ:MQ-1 

1.2.2  Chemical change 

because process of 

burning has taken place 

and have formed a new 

product 

Summ:NL-1 

 

Diag: MA-1p1- Diagnostic test; Learner code number; page one 
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Pilo: MA-1p3- Pilot test; learner code number; page 3 

Summ: MQ-1- Summative test; learner code number 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Appendix P 
 

ANALYTICAL MEMO 2: INTERPRETING OBSERVATIONS OF PRACTICAL 

ACTIVITIES (Collated from pilot test, diagnostic test, learners’ class worksheets, 

summative test, learners’ concept maps and reflections and from semi-structured 

interviews with the focus group) 

Table A3: Summary of learner observations of practical activities: WHAT FORMS OF 

LEARNING INTERACTIONS ARE DONE BY LEARNERS DURING PRACTICAL 

ACTIVITIES? [This will inform Section 5.3 of Chapter 5] 

Category 

 

Question 

number 

Learner responses Source of response/data 
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Responses due 

to learner 

observations of 

practical 

activities 

1.1 When you burn magnesium it 

will become ashes 

Wrk 1:MN-1;ML-1;MN-

2;MB-2;ML-2:ML-3 

2.1 I think it will be black Wrk 1:MM-1;MS-5 

2.1 It will change colour Wrk 1:MA-2;MB-1;MS-

1;MN-2;MB-2;ML-5;NS-3 

2.1 The magnesium ribbon will 

turn black 

Wrk 1:MS-2;ML-2 

2.1 It will burn Wrk 1:MS-6;ML-2;MS-

3;MA-4;MT-2;MN-3;MY-

1;MQ-1;NS-1;NA-2;NS-

2;NL-1;NS-5. 

2.3 Ashes Wrk 1:MS-1;MZ-1;MS-

2;MB-2;ML-2;ML-3:ML-

5;MS-5;MA-4;MT-2;ME-

1;MA-5;MY-1;MQ-1;NS-

1;NA-2;NS-2;NS-3;NL-

1;NS-5;NB-1. 

2.3 The products that are formed 

are the ashes 

Wrk 1:ML-5;ME-1 

1a I have observe bubbles. Wrk 2:MA-1;MK-1:MA-

1:MA-2:MP-1;MB-1;MS-

1;MN-2;MH-1;ML-2;ML-

3:Ms-3;MM-1;MB-3;MS-

4;ML-5;MS-5;MA-4;MS-

6;MT-2;ME-1;MN-3;MA-

5;MY-1;NA-1;NA-2;NS-

2;NS-3:NL-1;NS-4;NB-

1;NA-3. 

1a Change colour Wrk 2:ML-1;MS-2;ML-5. 

1a Egg  getting bigger Wrk 2:MS-5 

1c Egg breaks down Wrk 2:MA-2 

2a I observe bubbles Wrk 2:MA-1;MK-1;MA-

2;MP-1;MB-1;MS-1;MN-
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2;MB-2;MH-1:MH-2;ML-

2;MS-3;MM-1;MB-3;MS-

4;MS-6;MT-2:ME-1;MN-

3;MA-5;MY-1;NA-1NA-

2;NS-2;NS-3;NL-1;NS-

4;NB-1. 

2a It starts to boiling Wrk 2:MB-2;MA-4;NA-3. 

2d(i) Bubbles formed Wrk 2:MA-1;MA-2;MP-

1;MB-1;MS-1;ML-1;MN-

2;MB-2;MH-1;ML-2;ML-

3;MS-3;MM-1;MB-3;MS-

4;ML-5:MS-5;MA-4;MT-

2;ME-1;MN-3;MA-5;MY-

1;NA-1;NA-2;NS-3;NL-

1;NS-4;NB-1. 

2d(ii) Colour change Wrk 2:MP-1;MS-1;ML-

1;MN-2;MB-2;MH-1;ML-

2;ML-3;MS-3;MM-1;MB-

3;MS-4:ML-5:MS-5:MA-

4;MS-6;MT-2;ME-1;MN-

3;MA-5;MY-1;NA-2;NS-

3;NL-2;NS-4;NB-1. 

2d(iii) Heat is produced Wrk 2:MS-1;ML-1;MS-

2;MH-1:ML-2;ML-3:MM-

1;MB-3;MS-4;ML-5;MS-

5;MA-4;MT-2;ME-1;MA-

5;MY-1;NA-2;NA-3;NL-

1;NS-4;NB-1. 

1(i) Changing the colour Wrk 3:MA-1;MA-2;MP-

1;MN-1:MB-1;MS-1;MZ-

1ML-1:MN-2;MB-2:MH-

1;ML-2:MS-3:MM-1;MB-

3:MS-4;ML-5:MS-5:MA-
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4:MS-6:MT-2:ME-1;MN-

3;MA-5:MY-1;MQ-1:NL-

1:NS-4:NS-5:NB-1:NA-

3:NS-3:NS-2:NA-2 

1(ii) Colour change Wrk 3:MS-3;MS-4;MN-

3;NA-3;NS-3;MN-3;MY-

1;MQ-1;NL-1;NS-4;NS-

5;NS-2 

1(ii) A chemical reaction has taken 

place 

Wrk 3:MA-1;MB-1;MS-

1;MZ-1;MA-1;MS-2;ML-

2;ML-5;MS-

5;MA;4MT;2ME-1. 

2(i) It changes the colour Wrk 3:MA-2;MP-1;MB-

1;MS-1;MZ-1;ML-1;MN-

2;MB-2;ML-2;MS-3;MM-

1;MB-3;MS-4;ML-5;MS-

5;MA-4;MS-6;MT-2;ME-

1;MN-3;MA-5;MY-1;MQ-

1;NS-4;NS-5;NB-1;NA-

3;NS-2. 

2(i) A chemical reaction has taken 

place 

Wrk 3:MA-1;MS-2;MN-

1;MZ-1;MH-1;MN-3;NL-

1;NS-4;NS-2;NA-2. 

2(ii) Brown colour (tea) Wrk 3:MA-1;MP-1;MS-

1;MN-1;MZ-1;MS-2;MH-

1;ML-2;MS-4;ML-5;MS-

5;MA-4;ME-1;MN-3;MY-

1;MQ-1;NL-1;NS-4;NB-

1;NA-3;NS-3. 

2(iii) Black tea is the indicator Wrk 3:MA-1;MP-1;MS-

1;MN-1;MZ-1;MS-2;MH-

1ML-2;MS-4;ML-5;MS-

5;MA-4;ME-1;MN-3;MY-
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1;MQ-1;NL-1;NS-4;NB-

1;NA-3;NS-3. 

2(v) Chemical reaction Wrk 3:MS-1;MZ-1;MS-

2;ML-2;NL-1;NS-4;NS-5 

2(v) It changes colour Wrk 3:MA-2;MP-1;MB-

1;MM-1;MS-4;MS-5;MA-

4;MT-2;ME-1;MN-3;NS-4. 

1.2.2  Chemical change because 

there was a new substance 

formed 

Summ: MS-1 

1.3.2  Chemical changes because 

bubbles are formed 

Summ:MS-1 

1.7.3 Magnesium ‘appears’ like 

fireworks and ashes are 

formed 

Summ:MS-1 

1.1.3 It is a chemical change 

because it changes colour 

Summ:ML-2 

1.1.3  Chemical changes because I 

can see it changing 

Summ:MA-4 

1.3.1  Chemical changes because I 

can see it changing 

Summ:MA-4 

1.7.1  It gets bigger while it is 

burning and it changes into 

another product 

Summ:MA-4 

1.2.2  Chemical change because 

process of burning has taken 

place and have now formed a 

new product 

Summ:NL-1 

 REFLECTIONS IN CM  

 Practical activities are so 

easy, they tell us what to do 

and it is so easy. I enjoyed it  

Refl: MA-1; MQ-1 
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 Practical help us develop 

more knowledge 

Refl:MS-5 

 Flashing back the things I 

have learnt about in the 

experiment 

Refl:MS-1 

 The colour will be brown Refl:MA-5 

 CO2 + Limewater reactions  

 Colour change Refl:ME-1;MS-2;MA-4;MS-

5;Ml-2;NS-4;MQ-1 

 Colour change it turns milky Refl:MA-1 

 EGG AND VINEGAR 

REACTION 

 

 Igandaliyatshinshaikhalalibe

mhlope 

Cm: MA-1 

 The shell disappears Cm:MQ-1 

 Colour changes Cm:MS-3; MA-2; MM-1; 

MQ-1; MA-5; ML-2; MS-1; 

ME-1 

 It eats the shell and change 

colour 

Cm:NS-4 

 It develops small bubbles Cm:NS-4; MZ-1;ML-5 

 The egg is eaten up by 

vinegar until it is soft 

Cm:NL-1 

 Vinegar eats the shell Cm:MZ-1 

 The shell becomes soft Cm:NS-1 

 The shell fall Cm:MA-4 

 The egg shell brakes Cm:MS-1 

 The egg is boiling Cm:NS-1 

 Egg shell is removed Cm:ML-5 

 LEMON TEA MAKING  

 Change colour Cm:ME-1;NA-2;MS-1;MZ-

1;MA-4;MS-5;MT-2;NS-
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4;MQ-1;MA-1;MA-2;MS-

2;ML-5NS-5. 

 Smell lemon Cm:MZ-1;NS-4;ML-5 

 Black tea changes colour to 

brown 

Cm:NL-1 

 New substance formed Cm:MS-1 

 MAGNESIUM BURNING  

 Ashes are formed Cm: NS-1; MZ-1;MA-4; 

MS-5 

 Light like fireworks Cm:MZ-1;MA-4;MS-5 

 Burns into ashes Cm:NL-1;NS-4;ML-5 

 It burns Cm:NA-2; MT-2 

 Light affects your naked eyes Cm:MS-5; MQ-1 

 CACO3 + HCL 

REACTION 

 

 Bubbles Cm: MT-2;MA-4 

 Colour change Cm:MT-2; ML-2;MA-4 

    

 

Key for the respondents: 

Summ: MS-1- Summative test; Learner code number. 

Cm: MS-3- Concept maps; learner code number 

Refl: MA-1- Reflections, learner code number 

Wrk 1: MZ-1- Worksheet 1; learner code number 

Wrk 2: ML-5- Worksheet 2; learner code number. 

Wrk 3: MS-2- Worksheet 3; learner code number. 
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Appendix Q 
 

ANALYTICAL MEMO 3: CONCEPTUAL GRASP OF CHEMICAL REACTIONS 

(Collated from pilot test, diagnostic test, learners’ class worksheets, summative test, 

learners’ concept maps and reflections and from semi-structured interviews with the 

focus group) 

Table A5: Summary of conceptual grasp of chemical reactions: WHAT FORMS OF 

LEARNING INTERACTIONS ARE DONE BY LEARNERS TO REFLECT 

CONCEPTUAL GRASP OF CHEMICAL REACTIONS? [This will inform Section 5.5 

of Chapter 5] 
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Category Question number Learner response Source of 

response/data 

Evidence of 

chemical reactions 

14 Its because chemical 

reaction take place 

when two or more 

compounds react 

and form out new 

substances 

Diag:MS-1p5;ML-

5p5 

15 Its because chemical 

reaction is the 

process of producing 

reactants 

Diag:MS-1p5 

14 When you mix two 

things you are 

making chemical 

reaction 

Diag:NS-4p5 

2(iii) Black tea is the 

indicator 

Wrk 3:MA-1;MP-

1;MS-1;MN-1;MZ-

1;MS-2;MH-1ML-

2;MS-4;ML-5;MS-

5;MA-4;ME-1;MN-

3;MY-1;MQ-1;NL-

1;NS-4;NB-1;NA-

3;NS-3. 

2(v) Chemical reaction Wrk 3:MS-1;MZ-

1;MS-2;ML-2;NL-

1;NS-4;NS-5 

1.3.2 Chemical reaction 

because mix some 

products 

Summ:MQ-1 

1.1.3  It is a chemical 

change because it 

changes colour 

Summ:ML-2 
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1.2.1 Chemical change 

you form two 

substances 

Summ:ML-2 

1.3.1  Chemical change 

because it form 

bubbles 

Summ:ML-2;MS-

4;MS-5 

1.3.2 When two 

substances are 

mixed 

Summ:ML-2 

1.2.1  Chemical change 

because wax change 

to clear liquid 

Summ:MS-5 

1.1.3  Chemical change 

because the colour 

change 

Summ:ML-3 

1.1.3  Chemical change 

because I can see it 

changing 

Summ:MA-4 

1.3.1  Chemical change 

because I can see it 

change 

Summ:MA-4 

1.3.2  Chemical change 

because mix some 

products 

Summ:MQ-1 

1.2.2  Chemical change 

because the process 

of burning has taken 

place and have now 

formed a new 

product 

Summ:NL-1 

 RUSTING (CM)  

 Metal changes 

colour 

Cm:NL-1;MT-

2;ML-2;MA-4;MS-
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2;MZ-1;MS-1;NA-

2;ME-1;NS-1;NS-

5;ML-5 

 Breaks easily Cm:MS-5 

 Powder is formed Cm:MS-1 

 BLOWING 

THROUGH 

LIMEWATER 

 

 Colour change Cm:ME-1;MS-

2;MA-4;MS-5;ML-

2;NS-4;MQ-1;MS-

3;MA-2;MM-1;MQ-

1;MA-5;ML-2;MS-1 

 Changes its colour 

into complete white 

Cm:ML-5 

 More bubbles are 

formed 

Cm:MS-1 

 Carbon dioxide is 

added 

Cm:NS-1 

 Colour changes it 

turns to milky 

Cm;MA-1 

 MAKING LEMON 

TEA 

 

 Change colour Cm:ME-1;NA-

2;MS-1;MZ-1;MA-

4;MS-5;MT-2;NS-

4;MQ-1;MA-1;MA-

2;MS-2;ML-5NS-5. 

 Smell lemon Cm:MZ-1;NS-

4;ML-5 
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 Black tea changes 

colour to brown 

Cm:NL-1 

 New substance 

formed 

Cm:MS-1 

 MAGNESIUM 

BURNING-CM 

 

 Ashes are formed Cm: NS-1; MZ-

1;MA-4; MS-5 

 Light like fireworks Cm:MZ-1;MA-

4;MS-5 

 Burns into ashes Cm:NL-1;NS-4;ML-

5 

 It burns Cm:NA-2; MT-2 

 CACO3 + HCL  

 Bubbles Cm: MT-2;MA-4 

 Colour change CmMT-2; ML-

2;MA-4 

Responses linked to 

reactants and 

products. 

15 Its because chemical 

reaction is the 

process of producing 

reactants 

Diag:MS-1p5 

9  This is an example 

of a physical change, 

because the egg 

turned to a new 

product which is no 

longer the liquid. It 

is solid egg. 

Diag:NL-1p3 

1.3.2  Chemical reaction 

because mix some 

products 

Summ:MQ-1 
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1.2.2  Chemical change 

because process of 

burning has taken 

place and have 

formed a new 

product 

Summ:NL-1 

Responses linked to 

the use of familiar 

responses. 

 I prefer to learn with 

familiar resources 

because I understand 

it better 

Refl: MA-4 

 Learners should 

work with objects 

they know 

Refl:MS-5 

 When I don’t see the 

really things that we 

learn about 

Refl:NS-5 

 I see them every day 

and I use them every 

day… the 

understanding would 

be more perfect… 

Refl:MZ-1 

 

Key for the respondents: 

Diag: MS-1p5- Diagnostic test; Learner code number; page five 

Wrk 3: MZ-1- Worksheet 3; learner code number 

Summ: MS-1- Summative test; Learner code number. 

Cm: MS-3- Concept maps; learner code number 

Refl: MZ-1- Reflections; learner code number. 
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Appendix R 
 

UNIT OF WORK FOR TEACHING CHEMICAL REACTIONS 

GRADE: 8 

INTRODUCTION TO CHEMICAL REACTIONS. 

1. What are chemicals? 

Every substance in the world is made up of chemicals. The sea, land, plants, animals, air and 

even our bodies are all made up of chemicals. 

Chemicals are made up of atoms, elements, compounds and mixtures. 

Many substances in the world change. For example; lakes freeze in winter, sugar dissolves in 

a cup of tea, and water evaporates from a dam, coal burns in a fire, burning bread in a toaster, 

boiling of water on a stove, warming wax and so on. 

Q.  Can you give your own examples? 

Some changes are called chemical changes and some are not. 

Q    How can we tell the difference? 

2. Chemical and physical change 

There are different ways to spot a chemical change, but there is only one thing that MUST 

happen during every chemical change. 

A chemical change takes place when new substances are made that are different from the 

substances that we started with. 

Heating candle wax in an empty tin. 

 What do you observe? 

 Is the product really new? Why? 

A change where no new substance is formed is called a PHYSICAL CHANGE and in a 

CHEMICAL CHANGE a new substance is formed. 

Q. State 3 differences between a physical and a chemical change? 

3. Atoms 
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Everything around us is made up of vey tiny particles called atoms. These atoms can mix 

together to form mixtures, or they can join together to form bigger substances. 

Atoms join together in a chemical reaction. We call this process bonding. Atoms joined 

together form elements and compounds. 

4. Elements and Compounds 

They are many substances in the world. Yet everything in the universe is made up from about 

100 basic chemicals, called elements. 

 Some substances, like gold contain just one element. Others contain two or more 

elements joined together. 

 These combined elements are called compounds. 

Water is a compound made up of two elements called oxygen and hydrogen. 

 Elements: An element is a matter which consists of only one atom. Gold, silver, 

hydrogen and oxygen are all examples of elements. 

 Molecule: Is a particle containing two or more atoms joined together. Some molecules 

are quite small, for example, water molecule is made up of one oxygen atom and two 

hydrogen atoms. 

Inside a compound, they are forces that hold the atoms together. These forces are called 

bonds. 

5. Bond making and breaking 

In a chemical reaction, the bonds in the reactants break and new bonds form when the 

product are made. This cause a chemical change. This means that the products have 

completely new and different properties to the reactants because a new substance has 

formed. 

6. Chemical reaction 

Chemical reactions take place in the world around us all the time, some natural and others 

man-made. Sometimes there may be just two elements or compounds involved. But whenever 

a reaction takes place, at least one of the elements or compounds is changed, and new 

compounds are formed. 

Q.  Can you give three examples of reactions that are occurring naturally? Two examples 

have been given for you. 
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Natural chemical reactions: 

(a) Trees’ leaves decaying.  (b) Ripening of fruits. 

(b) ------------------------------------------------------------------------------------------------------- 

(c) ------------------------------------------------------------------------------------------------------- 

(d) ------------------------------------------------------------------------------------------------------- 

Man-made reactions 

Every substance in the world is made up of chemicals. The sea, land, plants, animals, air and 

even our bodies are all made up of chemicals. Sunlight liquid and Maq are examples of 

chemicals for dish washing in the kitchen. 

Give 4 specific examples of chemicals you are familiar with. 

(a) ------------------------------------------------------------------------------------------------------------ 

(b) ------------------------------------------------------------------------------------------------------------ 

© ------------------------------------------------------------------------------------------------------------- 

(e)------------------------------------------------------------------------------------------------------------ 

PRACTICAL ACTIVITY: 1 

Topics: Oxidation of iron and magnesium 

Lesson objectives: 

Make predictions (in the case of magnesium burning) 

State observations of the reactions. 

Explain the observations. 

Identify reactants and products in the reactions. 

Share group observations (Test sense-making). 

Materials used: 

Familiar resources: Heavily oxidised mathematical set casings and new mathematical set 

casings for comparison. 

Specialist resources: Magnesium. 
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Introduction: I introduced the topic by asking learners about what they were observing of 

the two sets of mathematical casings. This was to get an idea of the prior knowledge learners 

are bringing to the classroom. 

 I asked learners for explicit reasons on the differences and went on to discuss about 

rusting. What is it? 

 Effects of rusting and how it can be curbed was discussed. 

Activity: Burning magnesium ribbon in a flame. Caution: Do not look directly into the 

magnesium flame as it burns. It hurts your eyes. 

Place magnesium ribbon onto the flame of a burning candle. 

1. What do you predict will happen if you place magnesium ribbon on the candle flame? -----

----------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------- 

2. What do you think are the reactants involved? (The substances that react with each other 

are called reactants and the new substances that form during a chemical reaction are called 

products). ------------------------------------------------------------------------------------ 

3. And what products are formed? -------------------------------------------------------------------- 

5. Can you explain why the change takes place? ------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------. 

Exercise 

1. Copy and complete the following sentences about chemical reactions. Use the words: 

products and reactants only. 

In a chemical reaction, the substances that are produced are called the ---------------------------- 

of the reaction. 

In a chemical reaction, the substances that react with one another are called the ----------------- 

Substances can react with each other to form --------------------- with different chemical 

properties. 

In reactions, re-arrangement of the atoms takes place, to form -------------------------------- 
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2. Complete the table below by filling in the reactants and products of the given 

chemical reactions: 

Chemical reactions Reactants Products 

Burning candle wax   

Rusting of iron   

Burning wood   

Photosynthesis   

 

Elements can join together to form compounds. This is also called chemical reactions. During 

a chemical reaction, substances react to form completely new and different substances, which 

have different properties to the substances that reacted together. 

The substances that react with each other are called reactants. The new substances that form 

during a chemical reaction are called the products. 

7. Products and reactants 

Any new substance produced during a chemical change is called a product of the change. 

The substances we start with are called reactants. 

One way to work out if the products are really new or not is to ask yourself the question ‘Can 

I get the starting materials back again?’ If you can, then nothing new has been made. 

 If the physical change happens, the process of adding heat energy is called heating. 

The substance do not react with the air or the oxygen. 

 Adding heat energy can also cause chemical changes. The process is called burning 

or combustion, and sometimes energy is released in the form of light/or heat energy. 

8. A substance is only changed by a chemical reaction- there is a chemical change 

Investigation a chemical reactions 

PRACTICAL ACTIVITY: 2 

Topics: Egg/Vinegar reaction and Calcium carbonate/Hydrochloric acid reaction. 

Lesson objectives: 

State observations of the reactions. 
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Explain the observations. 

Identify reactants and products in the reactions. 

Share group observations (Test sense-making. Do the groups get the same results?). 

Materials used: 

Familiar resources: Eggs and Vinegar. 

Specialist resources: Calcium carbonate (Caco3), Hydrochloric acid, Beakers and test tubes. 

Introduction: I introduced the topic by asking learners about examples of chemical 

reactions. This was to get an idea of the prior knowledge learners are bringing to the 

classroom. 

Activity 1: The researcher and learners placed an egg in the beaker with vinegar. The egg 

was 2/3 covered with vinegar and left over the weekend. Observations were done the 

following Monday, in groups. 

Method: 

(c) Place your egg shells carefully into the beaker. 

(d) Pour the vinegar over the egg shells. 

Observations/Results:  Learners were asked to answer the following questions in groups: 

(g) Can you see anything happening? Describe your observations. 

(h) Explain your observations. Why did this happen. 

(i) Groups sharing observations, reactants and products. 

Activity 2:    Lesson continued. 

I instructed learners to drop few drops of diluted hydrochloric acid to calcium carbonate in 

test tube. 

Method: 

(a) Place calcium carbonate chips into a test tube. 

(b) Pour the hydrochloric acid carefully into the test tube with calcium carbonate. 

Observations:  Learners were asked to answer the following questions in groups: 

(g) Can you see anything happening? Describe your observations. 
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(h) Explain your observations. Why did this happen. 

(i) Groups sharing of observations, reactants and products. 

To conclude the lesson, learners were given worksheets to complete. The written activities 

were given to determine their understanding of the topic and to check the impact of everyday 

chemical change by giving another example- specialist chemical change example. 

PRACTICAL ACTIVITY: 3 

Topics: Making lemon tea and blowing with a straw through clear limewater. 

Lesson objectives: 

State observations of the reactions. 

Explain the observations. 

Identify reactants and products in the reactions. 

Share group observations (Test sense-making. Do the groups get the same results?). 

Materials used: 

Familiar resources: Lemon (acid) and Black tea (indicator). 

Specialist resources: Limewater and test tubes. 

Introduction: I introduced the topic by asking learners about examples of chemical 

reactions. This was to get an idea of the prior knowledge learners are bringing to the 

classroom. 

Activity 1:  Making lemon tea. 

I brought prepared black tea and poured it into two 100ml beakers. Each group was given two 

beakers with black tea. Each group was given cut lemons and were asked to squeeze lemon 

juice into one of the beakers with black tea. Then, learners were asked to compare colour of 

tea in the two beakers. Learners were asked to share observations in order to learn from one 

another. 

Observations/Results:  Learners were asked to answer the following questions in groups: 

(j) Can you see anything happening? Describe your observations. 

(k) Explain your observations. Why did this happen. 
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(l) Groups sharing observations, reactants and products. 

Activity 2:  Blowing through the clear limewater. 

I gave learners each a plastic drinking straw and test tube with limewater. I instructed each to 

blow through the clear limewater and observe colour changes. Learners were asked to share 

observations and to draw them. 

Observations:  Learners were asked to answer the following questions in groups: 

(j) Can you see anything happening? Describe your observations. 

(k) Explain your observations. Why did this happen. 

(l) Groups sharing of observations, reactants and products. 

To conclude the lesson, learners were given worksheets to complete. The written activities 

were given to determine their understanding of the topic and to check the impact of everyday 

chemical change by giving another example- specialist chemical change example. 

SUMMARY 

You can tell if a chemical reaction is taking place by looking for the following signs: 

 A colour change 

 Bubbles of fizzing 

 It feels hot or cold 

 A smell. 

 

 


