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CHAPTER 3 

Research design and methods 

 

Chapters 1 and 2 looked at the ‘what’ aspects of the research and Chapter 3 covers the ‘how’ part of 

my study. This chapter takes the reader through the procedure (and its justification) which was 

followed in order to answer the following research questions, which guided this study. The research 

questions (also found in Chapter 1 Section 1.7) are repeated here for the convenience of the reader 

so the research design can be understood better in the light of the research questions.  

Research question 1: 

What is the nature and extent of misconceptions about evolution found in Grade 12 Life 

Sciences curriculum support materials (the Curriculum and Assessment Policy Statement, 

textbooks, and teacher guides)? 

Research question 2:  

What is the nature and extent of latent problems found in Grade 12 Life Sciences curriculum 

support materials?  

Research question 3: 

To what extent do the Grade 12 Life Sciences textbooks point out common misconceptions and 

provide the correct scientific explanations to counter the misconceptions? 

Research question 4:  

To what extent do the teacher guides address teachers’ pedagogical content knowledge (PCK) by 

a) pointing out common misconceptions; b) providing the correct version of the specific 

misconceptions; c) pointing out pre-requisite knowledge which ought to be learnt first in order to 

understand the topic of evolution; d) pointing out typical difficulties students encounter when 

learning the topic of evolution? 

 

As pointed out by Bak (2004), methods chapters should specify five important aspects. Firstly, where 

the data is obtained; secondly, how data is gathered; thirdly, the rigour of the research; fourthly, how 

the data is analysed, and, finally, how ethical concerns are addressed. Figure 9 shows the outline of 

this chapter.   
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3.1  RESEARCH DESIGN   
 
According to Leedy (1989), many people misconceive ‘research’ as gathering information using the 

library. However, Burns (1997) points out that for an endeavour to qualify as a research activity it has 

to meet certain methodological requirements. Research can be defined as an investigative process 

aimed at solving problems (Le Compte & Preissle, 1993), or answering research questions, through 

systematic procedures (Leedy 1989; Burns, 1997). Research involves logical inquiry steps such as 

data collection, data analysis, and interpretation, in order to "understand, describe, predict or control 

an educational or psychological phenomenon or to empower individuals in such contexts" (Mertens, 

2005, p. 2). 

 

In order to conduct organised research, a researcher needs to have a plan or research design. 

According to Yin (2003, p. 19), a research design “is an action plan for getting from here to there, 

where ‘here’ may be defined as the initial set of questions to be answered and ‘there’ is some set of 

(conclusions) answers.” Different authors use different terms to describe the plan. Research designs 

are "blueprints" for research (Mouton, 1996, p. 107; Mertens, 2005); specific procedures and 

strategies (Creswell, 2012); work “plans” which spell out the ‘structure’ of an enquiry (Schumacher & 

MacMillan, 1993, p. 31); and logical plans that illuminate how the study is done (Mouton 1996; Le 

Compte & Preissle, 1993). Figure 10 outlines the research design for this research, and the rest of the 

chapter explains these steps in more detail.  

 

Because a research design precedes the research process (Mouton, 1996), it has a useful function in 

research studies as it helps the researcher see the link between the research questions, research 

data and possible conclusions to be drawn from the research (Yin, 1994). Research designs are 

important in research studies as they spell out sampling methodology, instruments for data collection, 

data collection methods, and how the data is analysed (de Vaus 2005; McMillan & Schumacher 2010; 

Creswell, 2012). According to Leedy (1989), research designs have the function of guiding the 

researcher’s efforts so as to investigate sources of data in a way that helps elicit appropriate 

information (data) and this is important in bringing about successful research. Mouton (1996, p. 175) 

points out that the research design helps the researcher to "execute" the research process so that the 

chances of getting appropriate inferences from data are maximised.  

 

3.2  RESEARCH PARADIGMS 
 

A research paradigm is about beliefs, mind sets, or ways of thinking that simplify the way researchers 

view the complex world (Patton, 1990). Denzin and Lincoln (2000) explain that these beliefs are 

based on philosophical questions about reality (ontology), and knowledge of how we come to know 

what we know, and validate it (epistemology). Research paradigms influence the way researchers 

come to know what they know and how to interpret it. By aligning with a paradigm, the researcher’s 

intent, focus and outlook on the research are implied. When researchers do not spell out their 

paradigm, the basis for the literature to be reviewed, the choice of research questions, and the 

methodology to be followed during the research are not clear to the reader (Bogdan & Biklin, 1998). 

The choice of research methods to be used in the research is underpinned by the researcher’s 

ontological and epistemological assumptions (Opie, 2010), whether or not they are aware of the 

paradigm in which they are working.  
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3.2.1  Types of research paradigms common in educational research 
 

Three research paradigms are common in educational research: positivist, constructivist and 

pragmatic. Positivist and constructivist research paradigms will be explained due to their historical 

Figure 10. Research design for the study  
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importance in research and because an understanding of these two helps one to see how the 

pragmatic paradigm (the one used in this study) came about.  

 

Positivist research paradigm  

 

Positivist researchers believe that pre-defined and measurable knowledge about the world exists and 

can be determined by objective observations (Hatch, 2002; Opie, 2010). This philosophical standpoint 

tends to influence positivists to use quantitative methodology involving techniques such as 

experimentation (Hatch, 2002; Opie, 2010) because its rationale is that through objective 

observations and measurements a researcher can reveal facts about our world (O'Leary, 2004). 

According to Mertens (2005, p. 8) the positivist paradigm is sometimes referred to as the 'scientific 

method' or 'science research', since, as pointed out by Creswell (2003, p. 7), it is "... based on the 

rationalistic, empiricist philosophy which reflects a deterministic philosophy in which causes probably 

determine effects or outcomes." A positivist approach assumes that pre-determined facts exist which 

can be discovered by following a particular research method (Mertens, 2005). Many authors 

inappropriately call the positivist paradigm the ‘quantitative paradigm’. However, a paradigm should 

not be named after a research approach but is the way of thinking embraced by the researcher when 

conducting research. 

 

Constructivist research paradigm 

 

After World War II, positivism was beginning to be seen in a modified form―post-positivism (Mertens, 

2005). According to Cook and Campbell (1979), post-positivists assume that any study can be 

influenced by other well-established ways of knowing. O'Leary (2004, p. 6) points out that post 

positivists have an intuitive and qualitative outlook (a move away from positivism), which is similar to 

the constructivist paradigm
9
 because "what might be the truth for one person or cultural group may 

not be the ‘truth’ for another". Because of the premise that different people perceive the world and 

construct their own realities differently (Patton, 2002), a new paradigm emerged: the constructivist 

paradigm. Constructivist researchers believe in multiple interpretations of knowledge about the world 

(Mertens, 2005; Opie, 2010). From this angle of thinking, researchers working within the constructivist 

paradigm place emphasis on the experiences and the subjects’ “…. views of the situation being 

studied” (Creswell, 2003, p. 8). The ontological and epistemological underpinning of the constructivist 

paradigm is that different humans experiencing and immersed in the same phenomenon have 

different ways of thinking about the world under consideration (Mertens, 2005). Constructivists 

therefore tend to use qualitative research methodologies (Mertens, 2005; Opie, 2010). 

 

The emergence of the pragmatic paradigm 

 

The belief that research methods (influenced by researchers’ belief systems) cannot be mixed raised 

a lot of controversy which resulted in the so called ‘paradigm wars’ (Patton, 1990). The dissatisfaction 

about using research methods traditionally associated with a single particular research paradigm led 

to debates on the superiority of positivist over constructivist paradigm and vice versa (Lincoln & Guba, 

1985). Some researchers felt that the positivist research paradigm had shortcomings and others 

pointed out that sticking to constructivist beliefs could also have some weaknesses. This resulted in 

the emergence of an alternative paradigm (Patton, 1990) which became known as ‘the pragmatic 

paradigm’. Researchers who supported the idea of merging methods traditionally associated with the 

two dominant paradigms pointed out that each of the approaches (qualitative and quantitative) has its 

                                                           
9
 The constructivist paradigm is not synonymous with the constructivist  theory of learning 
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own strengths and weaknesses and using more than one approach may result in advantages of 

having weakness in one being counteracted by strengths in the other (Johnson & Onwuegbuzie, 

2004). Patton (1990), who introduced the idea of the pragmatic paradigm, called it ‘the paradigm of 

choices’. The basic premise of the paradigm of choices belief system focuses on the problem under 

study and the best possible ways to gather research data, instead of focusing on the philosophical 

aspects (ontological and epistemological) related to the research. Reeves and Hedberg (2003) used 

the term the eclectic―mixed methods―pragmatic paradigm to refer to this research paradigm, as the 

approach mixed qualitative and quantitative methods. According to Oxford English Dictionaries 

(2014), the term pragmatic, refers to “doing what works best.” The term was used during historical 

times to describe philosophers and politicians who were concerned with sensible and practical 

application of ideas to solve real-world problems (The Dictionary, 2014). Eclectic has to do with 

“deriving ideas, style, or taste from a broad and diverse range of sources” (Oxford English 

Dictionaries, 2014). Other researchers (for instance Mertens, 2005) have used a shortened version of 

this name, the ‘pragmatic paradigm’.  

 

According to Reeves and Hedberg (2003), researchers who work within the eclectic―mixed 

methods―pragmatic paradigm are flexible in terms of which research methods they use for research. 

Pragmatists focus on the importance of research outcomes rather than starting with their 

epistemological and ontological beliefs, and use whatever methods (qualitative, quantitative or mixed) 

help them adequately answer their research questions (Mertens, 2005). Early pragmatists dismissed 

the idea that a single methodological approach was the only way of finding the 'truth' and this led to 

the idea of using mixed methods (Mertens, 2005). Creswell (2003) explains that pragmatic 

researchers do not subscribe to one philosophical view about reality but rather they focus on the 

'what' and 'how' of the research problem which can best result in a successful research study. The 

researcher takes the research problem as the focal point of the study, and data collection and 

analysis methods are chosen without aligning to any specific methodological approach but instead 

due to their potential to lead to suitable insights (information) that can adequately meet the aims of the 

research. Because of this open philosophical outlook, pragmatism is often inappropriately referred to 

as the mixed-methods paradigm (Tashakkori & Teddlie, 2003). 

  

3.2.2  Research paradigm for this research 
 

As a researcher, I subscribe to a pragmatic philosophy for two reasons. Firstly, the flexibility which 

results from the pragmatic philosophy enabled me to be flexible in the methods used to adequately 

answer my research questions. Secondly, using a mixed-methods approach (mainly quantitative and 

when the need arose qualitative methods) enabled me to have a chance to take advantage of having 

the weakness in one approach being counteracted by strengths in the other which, according to 

Patton (1990), can help improve the rigour of a given research study. 

  

3.3  THE RESEARCH APPROACH USED: DOCUMENT ANALYSIS 
 

In order to get data that answered the research questions, the process of document analysis was 

used, executed through the technique of content analysis. Document analysis involves the 

investigation of written or visual content of documents (Schumacher & McMillan, 2010; Gall et al, 

1996). According to Fraenkel et al. (2012, p. G-3), “… written or printed materials” qualify to be called 

documents. Examples of documents include letters, journals, newspapers (Schumacher & McMillan, 

2010) and “textbooks, students’ completed homework assignments, tests ... and drawings” (Gall et al., 

1996, 356). Gall et al. (1996) point out that it is important for a researcher to initially find relevant 
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sources of data (documents) which will provide information to answer the research questions, 

discussed later in Section 3.4.1.  

 

3.3.1  Content analysis  

 

Content analysis is the technique through which the process of document analysis can be executed. 

Content analysis is used for determining the presence or absence of certain concepts, symbols and 

“expressive contents” within documents so that inferences about the text can be made (Krippendorff, 

2013, p. 49). In this study, I used the technique of content analysis for analysing the documents for 

manifest errors and latent problems.  

 

Content analysis, like any other technique used in research, has its own merits and demerits. In this 

study, the relevant advantages of using content analysis for my purposes were viewed in the light of 

helping maximise the validity of the research results. 

 

Advantages of content analysis  

 It offers insights into complex human language use and thought on a given subject (Johnson & 

Onwuegbuzie, 2004; Writing@Colorado State University, 2014) and in this study the careless 

use of language (which may reflect the ideas held by the author about the phenomenon) which 

might be misconstrued, leading to the development of misconceptions, was investigated. 

 It is a non-intrusive (non-reactive) research methodology so is not subject to distortion of 

information typical of human manipulated responses (Neuman, 1997). This study looked at the 

ideas as presented in text documents which were written before the research process was 

conducted, so did not require investigation of humans, who may have manipulated and 

distorted their responses to provided questions. 

 

Disadvantages of content analysis 

 

Content analysis has the disadvantages of being time consuming to conduct, posing the risk of 

reducing rich complex text to simple word counts, and being subject to errors in coding (Kang, Kara, 

Laskey, & Seaton 1993; Writing@Colorado State University, 2014). Kang et al. (1993, p.17) point out 

that a “… major methodological issue in context analysis is the consistency of interpretation and 

categorisation of the objects of interest ...” In this study the risk of having coding errors was 

addressed by inter-coder reliability checks, as described later. Because the issue of consistency in 

the interpretation and categorisation of data can affect the trustworthiness of the research results, 

several measures were taken to improve rigour in this study are described in Section 3.7.  

 
3.3.2  Unit of analysis for this study 
 

When conducting content analysis, the researcher needs to define which part of the text or unit of 

analysis the researcher will investigate (Fahy, 2001), as this affects the type of information to be 

extracted from the text in order to answer the research questions (Cook  & Ralston, 2003). A unit of 

analysis or ‘data segment’ is a term, phrase, or sentence which presents a coherent concept 

(Fraenkel et al., 2012), or “... text that is comprehensible by itself and contains one idea, episode, or 

piece of relevant information” (Schumacher & McMillan 2010, p. 370). Whilst choosing a particular 

size of unit for analysis depends on the type of context, it is an important step because it affects the 

type of information to be extracted from the text and whether the research results of a particular study 
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can be compared to similar research where the same analysis technique was used (Cook & Ralston, 

2003).  

 

In this study, as recommended by Henri (1992), Gunawardena (1997), and Schumacher and McMillan 

(2010), a complete idea, theme or message which has a full meaning was chosen as the unit of 

analysis. My unit of analysis varied from single words to phrases to whole sentences, depending on 

what was necessary to provide a coherent segment of meaning. Each unit of analysis in the text was 

represented by a code (discussed in more detail in Section 3.4.4).  

 
3.4   PREPARATORY PHASE  
 

Data gathering is about a systematic gathering of relevant information on specific areas of interest, in 

order to accept or nullify set hypotheses or answer research questions (Sapsford & Jupp, 2006). If 

data is inaccurately gathered, the validity of the research is affected, and this results in a poor quality 

study (Fraenkel et al., 2012).  

 

According to Pierce (2007), whilst dictionary meanings of the terms data, information and evidence 

could be the same, it is important for researchers to take note of the differences between them. 

Researchers refer to data as the collected raw ideas from which knowledge or information is sifted to 

give evidence to answer research questions or support a hypothesis and back conclusions (McMillan 

& Schumacher, 2010). Data gathering can be thought of as happening in three important stages:  

First, the raw data is gathered. Second, the data is organised and distilled into 
information. Thirdly, evidence is abstracted from the information through processes of 
analysis and testing. But neither information nor evidence is self-evident: the material 
seldom ‘speaks for itself’. Some interpretation is required (Pierce, 2007, p. 80). 

In practice these three stages are not easy to follow in this given sequence (Pierce, 2007), but what is 

crucial is that the researcher addresses all the key steps for analysing and interpreting qualitative 

data. Creswell (2012, p. 238) warns that data analysis phases and steps are “… iterative, meaning 

you cycle back and forth between data collection and analysis” and researchers who are not careful 

may produce research reports that may appear repetitive. In this study the problem of being repetitive 

was avoided by use of a flow diagram to guide what was done step by step in three phases: the 

preparatory phase, the analysis phase, and the reporting phase (see Figure 11). 

 

3.4.1  Identifying documents for analysis: use of the entire population 
 

As shown in Figure 11 on the next page, the first step in the preparatory phase was the identification 

of documents for analysis. Most education researchers use samples for their research (LoBiondo-

Wood & Haber, 1998). Sampling in research is about choosing part of a population to be 

representative of the entire population because it is not feasible to study all the objects or members in 

the population due to factors such as limited time and excessive costs (LoBiondo-Wood & Haber, 

1998). The population is the total number of individuals, objects or subjects that possess certain 

characteristics which are of interest to the researcher (Polit & Hungler, 1999). If sampling is 

appropriately done, results obtained can be used to infer trends in the entire population (Creswell 

2012; Fraenkel et al., 2012).  
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Whilst most studies use samples (Polit & Hungler, 1999), in this study no sampling was used because 

the documents making up the entire population for this study were available. The Life Sciences 

curriculum statement and all Grade 10 to 12 Life Sciences textbooks and teacher guides on the 

Department of Education approved list were investigated. For textbooks to be used in South African 

schools, they have to meet certain requirements listed in an undated Department of Education 

textbook evaluation form (Department of Basic Education Textbook Evaluation Form, n.d, p.1). The 

criteria include meeting Curriculum and Assessment Policy Statement (CAPS) requirements in terms 

of “content knowledge”, “practical approach/ activities”, “form of assessment”, and “textbook design 

and layout” (Department of Basic Education Textbook Evaluation Form, n. d, p. 1). Verbal 

communication from one of the publishers attending a workshop organized at the University of the 

Witwatersrand (Sanders, Tshuma, & Makotsa, 2012) revealed that if a publisher released any 

unapproved book for use in South African schools they faced banning of all their publications for 

school use.  

 

The population investigated in this research consisted of 33 documents: the one Life Sciences 

Curriculum Statement, 16 Grade 10 to 12 Life Sciences textbooks, and their 16 teacher guides. The 

Curriculum and Assessment Policy Statement was investigated because teachers and textbook 

writers are expected to follow it when teaching and writing textbooks respectively. Because Grade 12 

textbooks and teacher guides contain most of the evolution content (defining evolution and explaining 

 Figure 11. Steps followed to gather and report data  
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the mechanisms of evolution by natural selection, the area where most misconceptions have been 

identified by researchers) compared to other grades, these were investigated in detail for manifest 

and latent errors. Textbooks and teacher guides for Grades 10 and 11 were investigated, together 

with Grade 12 books, for fragmentation and sequencing problems. Table 4 summarises the 

documents analysed in this study. 

 

Table 4.  Documents used for analysis 

Grade Type of document Number 

10, 11 and 12 Life Sciences Curriculum and Assessment Policy Statement 1 

12 Life Sciences learner books 7 

Life Sciences teacher guides 7 

11 Life Sciences learner books 3 

Life Sciences teacher guides 3 

10 Life Sciences learner books 6 

Life Sciences teacher guides 6 

 Total number of textbook publishers 8 

Total documents 33 

 

3.4.2  Identifying relevant sections for analysis 
 

The next step in my content analysis, as recommended by Pawson (1995), was to single out the 

specific text areas of the documents to be investigated (see step 2 in Figure 11) so as to gather 

specific data that could answer my research questions. I read through the contents pages of each of 

the documents in my population of documents to be investigated so as to identify the evolution 

content, evolution-related sections, and pre-requisite knowledge needed to understand evolution. In 

this study, evolution content is defined as text ideas that have to do with the concept ‘evolution’. For 

instance, the concept of what evolution is all about and types of evolution (micro- and macro-

evolution). Evolution-related ideas are those aspects of the text that are linked to evolution. For 

example, the mechanisms of natural selection, evidence for evolution, and hominin development. 

Evolution pre-requisite knowledge includes topics which ought to be learnt first in order to understand 

evolution by natural selection, for example artificial selection, mutation, variation in organisms, and 

genetics and inheritance.  

 

The purpose of reading through the content pages was to identify the sections that were needed to 

yield data to respond to the aims of my investigation. A biology education expert then verified that I 

had included all the evolution content, evolution-related topics and evolution pre-requisite knowledge, 

that no important topic or section had been omitted, and that no irrelevant sections had been 

included. 

 
3.4.3  Preparation of materials for analysis 
  

The third step (see Figure 11) involved preparation of materials for analysis. After having the biology 

education expert verify that I was working only with the relevant chapters and sections, I made copies 

of the documents I was going to analyse so that I did not have to write on the actual books. The first 

document I printed was the CAPS document. Because I had an electronic version of the whole 

document I printed the whole document in order to gather data on the nature and extent of 

misconceptions about evolution in the Curriculum and Assessment Policy Statement (focus of 

research question 1).  
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For the textbooks and teacher guides I scanned and printed the relevant pages so that all underlining 

and commenting could be done on copies of the document. The advantage of using printouts from 

scanned documents was that if there were too many comments which made the document 

incomprehensible, a new copy to work on could easily be printed for use.  

 
3.4.4  Developing tools for collecting data 
 

Various kinds of data-gathering instruments have been developed and used as tools for content 

analysis (Neuedorf, 2002). Rourke, Anderson, Garrison, and Archer (1999) explain that, where 

possible, it is advantageous to use existing data-analysis instruments and coding systems during 

content analysis. There are two benefits which come from using existing instruments. Firstly, the use 

of the same instrument on different documents implies that any weaknesses in the instrument can be 

identified and be corrected (Staccy & Gerbic, 2003). Secondly, this contributes to a growing catalogue 

of tried and tested instruments for research use (Rourke et el., 2001). However, even after an 

extensive search (involving a literature review and consultations with several staff members involved 

in textbook analysis research) no suitable existing instrument was found. This is because most 

studies involving textbook analysis do not look for misconceptions, or for fragmentation and 

sequencing issues. For instance, Emereole (2007) designed a textbook analysis instrument for 

investigating evolution, but it excluded the identification of misconceptions. Furthermore, few 

researchers described the instruments they used. My study needed instruments which catered for the 

specific needs of answering my research questions (presence of misconceptions and latent problems, 

and the extent to which teacher guides helped the teacher handle the problem of misconceptions). 

Thus new instruments were developed to cater for the aims of this study.  

 

The data analysis tools used in this study involved developing a coding system (discussed in the 

following section) and designing data-capture sheets, including a checklist for the teacher guides.  

 
The coding system  

 
According to Fraenkel and Wallen (1993, p. 388), a coding system involves defining: 

… as precisely as possible those aspects of a document’s contents that the researcher 
wants to investigate and then formulating relevant categories that are so explicit that 
another researcher who uses them to examine the same material would find essentially 
the same proportion of topics emphasized or ignored. 

In this study, I define a coding system as the list of categories, sub-categories and specific problems 

and the abbreviated codes to represent each aspect analysed in the documents. During content 

analysis, the text is analysed to identify segments of meaning, which are then placed in categories 

which are given specific codes. A code is a symbol or “… a phrase that is used to provide meaning”   

or to represent each data segment (Schumacher & McMillan 2010, p. 370) (e.g. MN2). The rationale 

for using codes to represent categories of meaning is that they provide a short-hand which identifies 

and distinguishes different data segments, rather than writing long descriptive phrases on the 

document being analysed, which may eventually make the annotated document incomprehensible. 

 
Thomas (2006) points out that a coding system can be developed using a deductive or inductive 

approach. In this research both inductive and deductive thinking were used to develop the coding 

scheme. Deductive thinking refers to approaches “… that set out to test whether data are consistent 

with prior assumptions, theories, or hypotheses identified or constructed by an investigator” (Thomas 

2006, p. 238). Inductive reasoning uses “...detailed readings of raw data to derive concepts, themes, 

or a model through interpretations made from the raw data by an evaluator or researcher” (Thomas, 
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2006, p. 238). According to Schumacher and MacMillan (1993, p. 481), inductive logic “… means that 

categories and patterns emerge from the data rather than being imposed on the data prior to data 

collection”. Zhang and Wildermuth, point out that one advantage of using inductive logic is that it 

allows for the emergence of new themes (Zhang & Wildermuth, 1966, p. 2). The focus in inductive 

thinking is therefore from general raw data to coming up with specific themes (Elo & Kyngäs, 2008).  

 
In this study, deductive and inductive logic were applied at different stages during the development of 

the coding system. Deductive thinking was used first where I started with the categories of typical 

problems identified in the literature. Inductive logic was then applied according to the 

recommendations by Schumacher and McMillan (2010, 371), who point out that as a researcher you 

need to “continue to refine your coding system”. New categories of manifest and latent issues 

(discussed below) emerged during the initial analysis of documents and these were continually 

updated throughout the research. 

 
The coding system used for the curriculum document, the textbooks, and the teacher guides catered 

for two main types of problems, manifest errors (actual misconceptions) and latent issues (see Figure 

12 for these two main categories and how they fit into the bigger picture of the whole coding system).  

 
Developing the coding system for manifest errors  

 
Manifest errors are obvious and easily detectable scientifically incorrect statements (misconceptions) 

(Fraenkel et al., 2012).  

 
In this study, I started with the original coding system I developed together with another student (who 

was doing a similar project to mine) for our Honours project. The coding system for the Honours and 

Masters projects were originally developed deductively through a number of steps: 

 Identifying misconceptions from the literature: Evolution misconceptions were identified from 

the literature and compiled into a list.  

 Clustering misconceptions into similar categories: The misconceptions were then clustered 

so that similar ones were placed logically together and allocated similar codes.  

 Splitting misconceptions which had more than one idea. Misconceptions which contained 

two or more ideas were split. Of the four categories under which the unscientific ideas were 

clustered, three had to do with the sources of the misconceptions: religion, misunderstanding of 

the mechanisms of evolution and the nature of science. Scientifically incorrect ideas due to lack 

of knowledge were placed in the fourth category. According to Schumacher and McMillan (2010, 

371), when coming up with the coding system, it is important to “compare codes for duplication 

…” In this study, the coding system was then checked for duplicates which were subsequently 

eliminated, or merged with similar ones. 

 Allocating codes to misconceptions. Appropriate codes were then allocated to each of the 

categories and sub-categories. Miles and Huberman (1994) recommend that when coming up 

with codes for the coding system, it is a good idea to come up with codes which are meaningful 

to the researcher for easy recognition. In this study, the scientifically incorrect ideas associated 

with religious beliefs were therefore allocated MR codes. The MR code was used to denote that 

they were misconceptions (M) associated with religious beliefs (R). The misconceptions 

associated with misunderstanding the mechanisms of evolution were allocated MM codes to 

show that they are misconceptions (M) associated with misunderstanding of the mechanisms (M) 

of evolution.   
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Those scientifically incorrect ideas perhaps associated with lack of understanding of the nature 

(N) of science were allocated MN codes). The scientifically incorrect ideas about evolution 

probably based on lack of knowledge were simply allocated M codes.  

 
Table 5a shows misconceptions under each of the four categories and the code for each. The original 

coding system from my Honours project had 39 errors in total. However, new misconceptions were 

added under each of the four categories as they emerged (inductively) from the document analysis 

during my Masters study. The total number of misconceptions continued to rise, reaching 71. After the 

inductive analysis of all the documents, the total number of misconceptions under the category 

scientifically incorrect ideas associated with religious beliefs rose from 7 to 11; codes for scientifically 

incorrect ideas associated with misunderstanding the mechanisms of evolution rose from 20 to 46; the 

number of misconceptions under scientifically incorrect ideas perhaps associated with lack of 

 Darwin’s finches 

issues for 

investigation 

  

Manifest errors  

Latent issues 

Scientifically incorrect ideas possibly 
associated with religious beliefs (MR codes) 

Scientifically incorrect ideas associated with   
misunderstanding the mechanisms of 
evolution (MM codes) 

Scientifically incorrect ideas perhaps 
associated with a lack of understanding of 
the nature of science (MN codes)   

Other scientifically incorrect information 
about evolution (perhaps “ignorance”) (M 
codes) 

Unsatisfactory explanations 

Types of risk-terms 

Fragmentation  
and sequencing 

unexplained use of cultural/religious 

beliefs  

misleading wording 

 explanation incomplete 

poorly explained 

Anthropomorphic explanations 

Teleological explanations 

natural selection 

adapt or die 
 survival of the fittest 

euphemisms 

ape-man / 

ape-child 

links to one of the  identified misconceptions 
 and corrects it without saying what the 
misconception is 

 African Eve / Adam 

fit 

jargon 

metaphors 

adapt 
[selection] pressure 

 theory 

 survival/survive 

paradoxical 
jargon Cradle of 

Humankind 

jargon 

species (in certain 
instances) 

Darwinism 

 Darwin’s theory 

organisms (rather than populations) 

specific  
risk-terms 

explains why misconceptions are erroneous 

points out common misconceptions 

Positive aspects 

handling of 
common 
misconceptions 

pointing out 
links 

unspecified 

Figure 12. Categories used in the coding system 
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understanding of the nature of science rose from 5 to 6; and the number of misconceptions probably 

due to lack of accurate ideas rose from 7 to 8. The final list of manifest errors is shown in Table 5a. 

 
Table 5a. Coding system for manifest errors 

Scientifically incorrect ideas possibly associated with religious beliefs  

MR1 Evolution and religion are incompatible (people who believe in evolution cannot believe in God and vice versa) 

MR2 Evolutionary theory denies the existence of God [evolution does not address the matter] 

MR3 Creation beliefs can be taught as a valid alternative explanation to evolution 

MR4 The first living organisms appeared on Earth at about the same time that the Earth was created.   

MR5 The first living organisms appeared on Earth less than 6000 years ago. 

MR6 There is not enough time for evolution to have occurred [could include …because Earth is less than 6000 years old] 

MR7 All species exist today as they did when first created (i.e. have not evolved).  Evolution does not occur. 

MR8 Humans have not changed / evolved since they first appeared on Earth   

MR9 It is the apartheid government that is responsible for the claim that evolution is ungodly 

MR10 Churches say evolution is ungodly 

MR11 Creationists (usually) reject evolution 

Scientifically incorrect ideas associated with misunderstanding the mechanisms of evolution  

MM1 Individual organisms evolve  

MM1a Species evolve 

MM2 Organisms adapt during their life-times  

MM3 Organisms which have adapted during their life-times pass such evolutionary advantages on to their offspring   

MM4 Evolution involves organisms trying to adapt. 

MM5 Organisms change because they need to (in order to survive) 

MM6 Environmental change must happen before evolution can occur /environmental changes cause  evolution 

MM7 Organisms that adapt/ evolve become a new species 

MM7a Geographic isolation is needed for speciation 

MM8a Evolution takes place only over very long periods of time (thousands or millions of years) 

MM8b Evolution can’t be observed within a human’s life-time 

MM8c Evolution is a very slow process 

MM9 Microevolution occurs over short period of time 

MM10 Microevolution – when organisms can’t interbreed anymore and form a new species 

MM11 Evolution involves organisms bettering themselves as they steadily progress from “lower” to “higher” organisms   

MM12 Evolutionary change happens at 3 levels (ecological, reproductive and genetic) 

MM13 The only mechanism resulting in evolution (change) is natural selection 

MM14 Evolutionary change by natural selection is a chance process. 

MM15 Natural selection is passing useful traits to offspring  [this is reproduction]                                                                                                   

MM16a Individuals with a favourable adaptation will only mate with each other 

MM16b The well-adapted become the next parental generation 

MM17a Individuals with favourable characteristics will survive [no guarantees – they could die for many unrelated reasons] 

MM17b Individuals with favourable characteristics WILL reproduce   ……     [they could fail to reproduce for other reasons] 

MM17c If individuals have favourable traits they WILL be inherited by the offspring  [not necessarily – depends on zygosity] 

MM17d Individuals with less favourable characteristics will die / become extinct [not necessarily – just won’t be as successful) 

MM18 Eventually ALL organisms in a population develop the favourable trait / all unfavourable disappear   [not necessarily] 

MM19 Only beneficial traits are selected (in artificial or natural selection) 

MM20 “Survival of the fittest” means that only organisms that are physically strong survive.  

MM21a Only the fittest can survive and reproduce. Organisms which are not “fit” cannot reproduce [and therefore die].  

MM21b ‘Fit’ refers to survival success  

MM22 If they don’t adapt they  die / become extinct  

MM24 Most species are unable to survive in a new environment 

MM25a The theory of evolution explains that people evolved from apes  

MM25b Because apes evolved into humans there should be no apes alive today 

MM26 People in colder climates have more hair  (with globalisation this generalisation does not hold true) 

MM27 White people evolved from (more primitive) black people 

MM28a Dominant alleles are always more frequent in a population than recessive alleles 

MM28b Uses ‘genes’ not ‘alleles’ when reefing to characteristics in a population.  

MM29 Only organisms with dominant alleles are selected for, and result in evolution 

MM30 Mutations affecting phenotypes cause genetic diseases [some beneficial mutations are needed for natural selection] 
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MM31 Mutations give rise to new species  

MM32 Mass extinctions associated with changing conditions result in speciation [it does not always] 

MM33 Fossils take millions of years to form 

MM34 Fossils are preserved in stone  / only in sedimentary rock  [not always] 

MM35 It is either gradualism or punctuated equilibrium [can be both] 

MM36 Punctuated equilibrium always happens, never gradualism 

Scientifically incorrect ideas perhaps associated with a lack of understanding of the nature of science 

MN1 Evolution is just a theory (implying it has is a hypothesis not yet proven to be true). 

MN2 Gaps which exist in the known record of fossils disprove the theory of evolution. 

MN3 Scientists disagree that evolution happens. 

MN4 The evidence scientists have to support evolution is weak. 

MN5 Evolution cannot be tested or proven (e.g. by experiment) 

MN6 Scientific ideas are only beliefs 

Other scientifically incorrect ideas perhaps just resulting from a lack of knowledge (“ignorance”) 

M1 Evolution (of new species) has never been observed 

M2 The theory of evolution by natural selection explains how the Earth was created. 

M3 Darwin’s theory of evolution by natural selection explains how living organisms first appeared on Earth 

M4 A long time ago humans hunted dinosaurs. 

M5 Lower organisms like viruses and bacteria evolve, but higher organisms don’t. 

M6 Evolution happened in the past, and is no longer taking place 

M7 Humans / human ancestors first evolved in South Africa/ in the Cradle of Humankind 

M8 Darwin observed evolution in action / you can see evolution in action on the Galapagos islands 

 
Developing the coding system for latent issues 

  
The second category of problematic text investigated dealt with latent issues, which are statements 

that are not misconceptions per se but which have the potential to be misconstrued, leading to the 

development of misconceptions (Fraenkel et al., 2012).  Latent problems may arise from careless 

language use (Thompson, 2008) which hampers student understanding and comprehension of the 

subject content (Meyer et al., 1988).  

 
The same steps followed during the development of the coding system for the manifest errors were 

followed during the development of the coding system for the latent issues. The coding system for the 

latent issues was also initially developed for my Honours project, but was modified for the current 

study. More latent issues were added inductively during the course of analysing documents, and their 

number rose from 30 initially identified from the literature up to 54 in the final coding system I used. 

Appendix C shows all the modifications (in red arrows) which were done to the Honours coding 

system to suit the focus of this study. 

 
The first two major categories of latent codes were language related (see Table 5b) and are outlined 

below: 

 
The first category of latent issues codes involves ‘unsatisfactory explanations’ (as outlined in Table 

5b).  Unsatisfactory explanations are statements whose explanation is poor, incomplete, misleading, 

and has teleological and anthropomorphic meaning (already dealt with in Section 2.7.1 of Chapter 2). 

The codes for the category ‘unsatisfactory explanations,’ were subdivided into seven sub-categories 

as listed and explained in Table 5b. The sub-category 4, ‘unexplained use of cultural beliefs’ (as used 

in my Honours project instrument, was split into two in the Masters study: ‘unexplained use of cultural 

beliefs’ and ‘unexplained use of religious beliefs.’ The rationale for splitting this sub-category was that 

different latent problems which were linked to culture and to religion emerged during analysis of 

documents.  
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Table 5b. Language-related coding system for latent issues (unsatisfactory explanations and risk terms). 

U
n
s
a
ti
s
fa

c
to

ry
 e

x
p
la

n
a
ti
o

n
s
 

IE1 poorly explained Explanation unclear, either because the use of language is poor, or the explanation 
is poorly explained 

IE2 explanation 
incomplete 

Explanation lacks essential concepts necessary for full understanding 

IE3 misleading wording Wording implies something incorrect – e.g. that there are alternative scientifically 
acceptable theories to natural selection 

IE4a unexplained use of 
cultural beliefs 

Using cultural beliefs / folk-lore (even if spiritual) without explaining that they are not 
scientifically acceptable explanations, and giving them credible status alongside 
science 

IE4b unexplained use of 
religious beliefs 

Using religious beliefs based on the middle-Eastern six-day creation story 
(Christianity, Judaism, Islam)  without explaining that they are not scientifically 
acceptable explanations, and giving them credible status alongside science 

IE5 unexplained diagrams 
on cultural beliefs 

Using diagrams illustrating cultural beliefs / folk-lore without explaining that they are 
not scientifically acceptable explanations, and giving them credible status alongside 
science 

IE6 anthropomorphism The attribution of human characteristics or behaviour to a god, animal or object 

IE7 Teleology 
 

Explaining phenomena by the purpose they serve rather than by their causes 

R
is

k
-t

e
rm

s
 

IT1 euphemisms  Words used instead of evolution / evolve (e.g. develop, change, acquire new 
traits, appear, become, creates, grows resistance, overcome vulnerability, are 
modified, become specialised) 

Metaphors Figures of speech in which a term which is not literally true is used to describe a 
concept  

IT2a survival of the fittest 
 

Phrase implies that only the fittest survive, which is not literally true. Could thus lead 
to the misconception MM20 or the misconception that those without the adaptation 
die. 

IT2b adapt or die Phrase suggests that if individuals don’t adapt they die, or if groups don’t they 
become extinct. This is not literally the case and could lead to MM20 and MM22. 

IT2c natural selection Nature does not literally select. [This aspect is discussed in Chapter 4]. 

IT2d Unspecified Any other problem 

IT2e African Eve / Adam These are not Adam and Eve from the Bible, but metaphors used to illustrate these 
are the “first original humans”. 

paradoxical jargon Words with two meanings, often an everyday meaning and a scientific one (e.g.  
‘theory’, ‘pressure’, ‘fitness,’ and ‘adapt’) 

IT3a theory  When they really mean suggestions / ideas / hypotheses 

IT3b [selection] pressure Implying some sort of force / coercive CAUSAL action (rather than facilitation of 
change) 

IT3c adapt  Inadequately explained, implying individuals can adapt in their life-time due to need 

IT3d survival/ survive ‘In biology not referring to individuals living or dying but to the long term well-being 
of populations, so it is possible for “less fit” organisms to survive and reproduce.  

IT3e Fittest In biology, not having the everyday meaning of physical health and well-being, but 

referring to higher rates of reproductive success. 

IT3f successful Implies physical wellness of organisms 

Specific risk terms 

IT7a Darwin’s theory More people were involved in the idea of evolution than just Darwin. Also, the term 
raises negative emotions in some people, and is better avoided. 

IT7b Darwin’s finches Incorrectly implying the finches were his 

IT8 Darwinism In the place of “natural selection” or “evolution 

IT9 species (in certain 
instances) 

The use of the term “species (in certain instances) implying the whole species 
evolves. Rather use the term “population” in such instances. 

IT10 Organisms When used instead of populations, implying individuals evolve 

IT11 Cradle of Humankind Misleadingly named area in South Africa 

IT12 ape-man / ape-child When ancestral types are referred to thus it increase the chance of the 
misconception that humans evolved from apes 

 
Two new sub-categories, ‘anthropomorphic explanations’ and ‘teleological explanations,’ were added 

to the original coding system because a study by Sanders (2014) revealed that these two were a 

major problem in South African Natural Sciences textbooks and appeared to explain some common 
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evolution misconceptions associated with adaptation. Definitions of the two sub-categories are shown 

in Table 5b, and further details are described in Section 2.7.1 of Chapter 2. 

 
Types of risk terms: The second category of latent problems is based on the use of technical jargon 

or ‘risk terms’. ‘Risk terms’ are correct terms used to describe evolution content and are therefore 

necessary for use in textbooks and in the classroom. For my Honours project this category was given 

a sub-heading ‘inappropriate terminology’ and the sub-heading was changed to ‘risk-terms’ (Tshuma 

& Sanders, 2014) because the use of these terms is a risk in that if they are not explained, they are 

easily misinterpreted, and this has the potential to lead to the development of evolution 

misconceptions. As outlined in Table 5b, the codes for the risk terms were divided into three sub-

categories: euphemisms, metaphors, and paradoxical jargon. Literature-based explanations about 

each of these have already been provided in Section 2.7.1 of Chapter 2. Metaphors were further 

divided into five specific examples: survival of the fittest, adapt or die, natural selection, Adam and 

Eve, with the fifth for other unspecified examples. 

 
Fragmentation and sequencing: The third category of latent issues in the coding system included 

fragmentation and sequencing problems (see Table 5c). 

Fragmentation refers to a state of being broken into pieces (The Oxford English Dictionaries, 2014). In 

this study, the coding system was aimed at finding out whether related evolution concepts are dealt 

with in different sections of the curriculum document and textbooks, and whether or not cross-

referencing or links were provided. The codes were also focused on finding out if content of evolution 

was scattered throughout the same book or in different books by the same publisher covering 

different grades. A positive sign was attached to the codes where links and cross-referencing were 

made in the textbook. In cases where links are not made when such links would be useful, such 

codes had negative signs attached to them (see Table 5c). 

 

Sequencing is about the logical way in which related ideas or concepts are made to follow each other 

(The Oxford English Dictionaries, 2014). Problems of sequencing may arise if ideas are fragmented. 

In this study, the coding system was aimed at finding out if prerequisite background knowledge for 

understanding a specific aspect of evolution is only covered later in the chapter, book or only covered 

in later grades.  

 
Table 5c. Coding system for fragmentation and sequencing matters  

Fragmentation and sequencing issues 

Fragmentation   F             
 

When different concepts needed to understand evolution by natural selection are dealt with in 
different grades or different chapters, and no specific cross-referencing or links are made  

Cross-
referencing 
made or 
needed 

- L No links are made to prior knowledge, at a point when such links would be useful  

+Li Links are made, but are inadequate (too brief / incomplete) 

+L (G/S/B) Refers  to cross references being made (+ve) between grades (G), between subjects (S) to 
other sections of the same book (B) 

Sequencing S When concepts needed to understand a new point are only dealt with LATER in the chapter, 
or in the book, or in a later grade. 

 
What textbooks include about misconceptions. The other aspect on latent problems in the coding 

system deals with whether misconceptions are handled in textbooks. These codes, detailed in Table 

5d, focused on finding out if textbooks pointed out and explain why certain given misconceptions are 

erroneous. In cases where misconceptions were neither pointed out nor explained, when pointing 

them out could have helped the readers become aware of them, then this was coded as a ‘missed 

opportunity’ to shed light on that particular misconception. 
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Table 5d. Coding system for checking what textbooks include to address common misconceptions 

Checking what the textbook includes to help address misconceptions 

C
o
m

m
o
n
 

m
is

c
o
n
c
e
p
ti
o

n
s
 P1a+ Points out common misconceptions on the topic  

P1b+ Counters misconceptions by explaining where the error lies and giving the correct science  

P1C+ Links to one to a common  misconception and corrects it without saying what the misconception is 

MO An opportunity to explain a misconception  

 
Developing the teacher guide coding system  

 
The coding system for the teacher guides for manifest and latent errors was the same as that used for 

textbooks. However, three other types of codes were added in order to gather information to answer 

Research Question 4. The first added codes focused on finding out whether the answers found in 

the teacher guides to certain ‘tasks and activities in the learner book’ helped address the problem of 

evolution misconceptions (see Figure 13). This aspect only looked at certain activities and tasks in the 

learner books whose answers, if appropriately spelled out in the teacher guides, had the potential to 

address evolution misconceptions. Table 5e outlines the types of codes used. 

 

Table 5e. Coding system for checking whether teacher guides  provided ‘feedback on tasks and 
activities’ in learner books that helped address evolution misconceptions 

Feedback in teacher guides on tasks and activities in learner books 

(AF- ):  
No answers or 
explanation given 

(AF+): 
Does have feedback, but 
only factual answers 

(AF+E): Has feedback, but errors 
have crept into the answers  

(AF++ ): Feedback has the 
facts as well as addressing the 
misconception 

 
The second types of codes added focused on finding out if teacher guides helped teachers with the 

pedagogical knowledge for teaching the topic of evolution. The added codes (see Figure 13) were 

based on four of the five categories of Sanders’ (2008) PCK model (discussed in Chapter 2 Section 

2.8). Table 5f shows the actual codes that were used under each of the four categories of PCK: 

common misconceptions, typical difficulties, best teaching approaches and curricular knowledge. 

Shulman’s other category, subject matter knowledge was not considered for the teacher guide coding 

system since teacher guides focus mainly on pedagogical issues and the evolution content is dealt 

with in the learner books.  

 

Prerequisite knowledge for understanding evolution by natural selection: The third type of 

codes added to the teacher guide coding system focused on finding out whether teacher guides 

pointed out the pre-requisite knowledge (explained above) for understanding evolution by natural 

selection to the teachers. The added codes focused on finding out if teacher guides reminded the 

teachers by summarising the important topics or ideas which learners ought to have learnt before they 

can start learning the topic of evolution. The actual codes which were used are outlined in Table 5g 

on page 72. 
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Figure 13.  Other codes added to the teacher guides coding system 

 

The codes for pre-requisite knowledge for understanding evolution by natural selection which were 

added to the teacher guide coding system were divided into four groups (see Table 5g). The first 

group involves finding out whether teacher guides summarised for teachers the difficulties posed by 

the potential religious/evolution controversy. The second group looked at whether teacher guides 

emphasised to teachers that learners must be aware of ideas on the nature of science before they 

learn about evolution. The third group of codes looked at whether teacher guides emphasised that 

learners should know that genetics is a source of variation before they learn the topic of evolution. The 

fourth group of codes looked at whether teacher guides explained the aspect of how ‘adaptations’ 

occur in populations. 
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Table 5f. Coding system for checking how textbooks addressed the problem of common 
misconceptions   

Checking what the TG has to help teachers with the necessary PCK for teaching evolution 

Teacher 
PCK 

Common 
misconceptions 

P1a+ Points out common misconceptions on the topic so teachers can tackle them 

P1b+ Counters misconceptions by explaining where the error lies and giving the correct science 

Typical 
difficulties 

P2a+ Draws teachers attention to potential problems for religious children (conflict between 
religious beliefs and the science) [see PCK section for advice] 

P2b+ Warns teachers about specific difficult terminology  

P2c+ Warns teachers that children find timescales difficult because of confusion between 
billions and millions of years ago, and if they have to use maths to do calculations 

Best teaching 
approaches 

P3a Imply that learners should decide for themselves if evolution is true 

P3b Encourages the use of debates about evolution   

P3c+ Teacher advised to be objective (not influence learners by stating what teacher believes) 

P3d+ Suggest the need to be sensitive to learner religious diversity and give advice on how to 
do so 

RC1+ Book explains that people can believe in God and believe what scientists say about 
evolution: It is not a case of either / or (to address MR1) 

RC2+ Book does reassure learners that learning about evolution is not intended to get 
them to change their religious beliefs or convert them into evolutionists 

RC3+ Book does emphasise that this is what scientists have found and while it is okay to 
have different religious beliefs, they are not science-based (to address MR3) 

P3e+ Gives teachers guidance on  specific misconceptions associated with misunderstanding 
the nature of science 

NoS1+ explains to teachers that scientific ideas change over time as better tools and more 
research is done, and it is not that scientists disagree. (Addresses MN3) 

NoS2+ explains to teachers that we expect gaps in the fossils record because soft-bodied 
animals do not fossilise; conditions may not have been right at that time and place 
for fossils to be formed. missing information does not disprove something, if 
evidence is still being explored, so gaps in the fossil record might still be filled. 
(Addresses MN2) 

NoS3+ explains that in science the word theory has a different meaning (an explanation of 
why something happens, widely investigated and agreed to by scientists, so no 
other viable explanation exists at that point in time) to the everyday meaning (a 
tentative explanation / guess / hypothesis / possible reason).(Addresses MN1) 

Curricular 
knowledge 

P4a+ Summarises for teachers what topics need to be taught before a particular concept can be 
taught  

 

3.4.5  Piloting the coding system  
 

After developing the coding systems for the textbook and teacher guide instruments, they were then 

piloted. According to van Teijlingen and Hundley (2002, p. 33)  

“pilot studies’ refers to mini versions of a full-scale study (also called ‘feasibility’ studies), 
as well as the specific pre-testing of a particular research instrument such as a 
questionnaire or interview schedule. Pilot studies are a crucial element of a good study 
design”.  

In this study, I wanted to find out if the coding system catered for all the problems and also if the 

data-capture instruments could be used to capture all identified manifest and latent errors, 

because according to Rourke et al. (2001) and Neuedorf (2002), face validating and piloting the 

instruments to see if they cater for all the problematic areas under investigation helps maximize 

accuracy, precision, objectivity, replicability and validity during the research. Therefore I coded 

one textbook and one teacher guide as a pilot study.  
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Table 5g. Coding system for the prerequisite knowledge for understanding evolution by natural 
selection. 

Prerequisite knowledge for understanding about evolution by natural selection (this is what people need to already know, if it 
is not specifically dealt with under “evolution”)   

RC religious 
controversy 

 
RC1+ 
 

RC2+ 
 
RC3+ 
 
RC4+ 

RC5+ 

Unless this is dealt with  misconceptions about religion could exist 

 People can believe in God and believe what scientists say about evolution: It is not a case 
of either / or. They are different domains. 

 Reassure learners that learning about evolution is not intended to get them to change their 
religious beliefs or convert them into evolutionists 

 Emphasise that this is what scientists believe (and say why) 

 Personal beliefs not proven or reliable 

 Treat other’s views/beliefs with respect even if contrary to science 

NoS 
 
 
 
 
 
 
 
 

nature of 
science 

NoS1+ 
 
NoS2+ 

NoS3+ 

 

NoS4+ 

 Scientists do not know everything, and scientific knowledge is constantly being added to as 
better tools and more research is done. Thus scientific knowledge / ideas change over time. 

 Missing information does not disprove something, if evidence is still being explored 

 A theory in science is something widely investigated, with such a body of supporting 
evidence that no other viable explanation exists at that point in time. Explains many “facts”. 
Is a consensus view.  It is NOT the everyday-English meaning of theory as a tentative 
explanation / guess / hypothesis. 

 Science is evidenced-based 

V genetics as 
a source of 
variation  

V1+ 
 

V2+ 

 

V3+ 

V4+ 

V5+ 

 People usually look at  phenotypes but how an organism LOOKS is controlled by the 
genotype 

 Mutations are a source of new variations (can be favourable, unfavourable, or have no 
effect) 

 Crossing over during meiosis results in variation during meiosis 

 Random assortment of genes during mating (combination of male and female gametes)  

 Independent assortment of homologous chromosomes /chromatids during meiosis 

A adaptation  A1+ 

A2+ 

 
A3+ 
 

A4+ 

 Adaptations do not happen in individuals but in populations  

 Evolution cannot happen in one life-time. It takes generations for favourable  alleles to 
spread in a population, so the population evolves/ adapts 

 Organisms (other than humans) cannot be consciously aware of the need to adapt to 
conditions (so they can survive) 

 Organisms cannot make an effort to change. Their genes are fixed, and they will not be able 
to make and control lasting evolutionary changes  

 

The pilot study revealed that some problematic sections of the text were not catered for in the coding 

systems (for the textbooks and teacher guides). More codes were therefore added inductively to cater 

for all new manifest errors and latent issues as they emerged during the pilot study. After the pilot 

study, the same procedure was repeated during the analysis of the rest of the documents as outlined 

in Section 3.5. 

 

Data-capture instruments  

 

Data-capture instruments are tools used to record data. The data can be manually or electronically 

captured (Burnside, 2000). The purpose of data-capture instruments is to reduce massive amounts of 

data into smaller more manageable units that can be easily analysed for patterns and themes 

(Creswell, 2012). 

 

Five electronic data-capture instruments to capture the exact details of coded responses were 

developed for this study. 
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 CAPS data-capture instrument 

The CAPS data-capture instrument had two sections. The first section did not focus on 

research data as such but captured CAPS details and information on the document’s year of 

publication and implementation by schools. The second section included CAPS document 

details to do with the total number of weeks allocated for tuition and the time allocated per 

section. The third section (see Figure 14) captured manifest problems and latent issues. The 

last category was to capture data on fragmentation and sequencing problems.  

 

MANIFEST AND LANGUAGE-RELATED PROBLEMS 

Content 

Manifest errors Latent problems 

Page Comments Page 
Inadequate 
explanations  

Inappropriate 
terminology 

No links to 
prerequisite 
knowledge 

       

 
FRAGMENTATION AND SEQUENCING PROBLEMS 

Section Page 
Latent problems 

Positive links 
Fragmentation  Lack of  links Sequencing  

      

Figure 14. Extract from the data-capture instrument for the CAPS curriculum document   

 

 Textbook data-capture instrument  

Figure 15 is an extract showing components of the textbook data-capture instrument. The first 

section captured textbook details such as authors, publishers and year of publication. The 

second section (see Figure 14) captured manifest problems and latent errors. The third section 

captured data on fragmentation and sequencing problems. The last section captured data on 

typical common evolution misconceptions (see Figure 15). 

 

 Teacher guide data-capture instrument 

As shown in Appendix D, the teacher guide data-capture instrument consisted of different 

sections (placed in appendix due to its relatively longer size).  

 
MANIFEST AND LATENT ISSUES 

Section Page Manifest errors 

Latent errors 

Positive aspects Inadequate 
explanations 

Terminology Issues 

 
 

     

     

 

FRAGMENTATION AND SEQUENCING 

   

 

TYPICAL COMMON MISCONCEPTIONS 

   

 

 

Figure 15. Extract from the data-capture instrument for textbooks 
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The sections captured information on teacher guide details, manifest errors and latent issues, 

and fragmentation and sequencing similar to that captured by the CAPS document and 

textbook data-capture instruments. The other section captured data on ‘feedback on exercises 

and activities’ in learner books offered by teacher guides. 

 Teacher guide PCK checklist 

In order to capture data on whether teacher guides helped teachers with pedagogical content 

knowledge, a checklist was developed (see Table 6). The checklist was developed because it 

offered a quick and easier way to capture the data on how the teacher guides assisted teachers 

with the PCK for teaching evolution.  

 

The teacher guide PCK checklist data-capture instrument had two sections (see Table 6): the 

first section is also about teacher guide details and captures non-research information such as 

name of teacher guide publisher, name of guide, grade and number of evolution related pages. 

The second section captured information on teacher PCK under three columns: ‘PCK-related 

aspects’, The ‘PCK related aspects’ which is divided under four sub-section: ‘advice to handle 

religious controversy’, ‘advice to do with the nature of science’,  ‘advice to help teacher address 

the problem of  misconceptions’ and ‘advice for teacher to deal with the issues of adaptation to 

the environment.’  

 

Table 6. Checklist for PCK in the teacher guides 

Publisher: 

Name of Guide:                                                        

Grade:               

Number of evolution-related pages: 

Aspects of PCK Direct quotes Covered in book 

Advice to do with how to handle religious controversy     Yes No 

Reassure that people can believe in God and believe what scientists say about 
evolution: It is not a case of either / or.  

   

Reassure that learning about evolution is not intended to get them to change 
their religious beliefs or convert them into evolutionists 

   

Provides an explanation on the differences between science and religion    

Provides guidelines on how to deal with the perceived conflict between evolution 
and religion 

   

Suggest the need to be sensitive to learner religious beliefs.    

Explains that it is inappropriate for learners to decide for themselves if evolution 
is true  

   

Teacher advised to be objective (not influence learners by stating what teacher 
believes) 

   

Advice to do with the nature of science: Explains that  

scientists do not know everything, and scientific knowledge is constantly being 
added to as better tools and more research is done. Thus scientific knowledge / 
ideas change over time 

   

missing information does not disprove something, if evidence is still being 
explored 

   

a theory in science is something widely investigated, with such a body of 
supporting evidence that no other viable explanation exists at that point in time. It 
is NOT the everyday-English meaning of theory as a tentative explanation / 
guess / hypothesis / possible reason. 

   

Advice on addressing the problem of misconceptions in general: Explains … 

Evolution 
misconceptions 

Points out common misconceptions    

Provides the correct science (counter misconceptions)    

Suggests activities on how to deal with evolution 
misconception specifically 

   

that evolution does not occur at individual organism level    

that evolution does not occur at species level    

that organisms do not adapt during their life-times     

that evolution that organisms which have adapted during their life-times pass    
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such evolutionary advantages on to their offspring   

that evolution does not involve organisms trying to adapt.    

organisms do not change because they need to (in order to survive)    

that environmental change does not have to happen before evolution can occur 
/environmental changes do not  cause  evolution 

   

that organisms that adapt/ evolve do not become new species    

that geographic isolation is needed for speciation    

that evolution does not take place only over very long periods of time (thousands 
or millions of years) 

   

that evolution can be observed within a human’s life-time    

that it is erroneous to think that evolution is a very slow process    

that organisms cannot make an effort to change. Their genes are fixed, and they 
will not be able to make and control lasting evolutionary changes. 

   

that evolution cannot happen in one life-time. It takes generations so the allele 
spreads in the population. 

   

that anthropomorphic thinking is the attribution of human characteristics or 
behaviour to a god, animal or object. This could lead to the erroneous thinking 
that organisms are consciously aware of the need to adapt to conditions so they 
can survive. 
 

   

that teleological thinking is about explaining phenomena by the purpose they 
serve rather than by their causes. This could lead to the erroneous thinking that 
organisms evolve traits in order to serve the specific needs of the organisms 
rather than the fact that these traits arise due to random genetic mutation. 

   

Explanations of potential language-related problems (risk terms): Explains why the … 
 

 use of euphemisms for evolution may cause the development of misconceptions    

careless use of metaphors  such as ‘survival of the fittest’ may cause the 
development of misconceptions 

   

careless use of paradoxical jargon ‘adapt’ may cause the development of 
misconceptions 

   

careless use of  the term ‘Darwin’s theory’ may cause the development of 
misconceptions 

   

careless use of the term ‘species’ may cause the development of 
misconceptions  

   

careless use of the term ‘organisms’ may cause the development of 
misconceptions  

   

careless use of the term ‘Cradle of Humankind’ may cause the development of 
misconceptions  

   

careless use of the term ‘ape-man’ may cause the development of 
misconceptions  

   

 

As shown in Table 6, the teacher guide PCK checklist (which involved ticking the yes or no column), 

checked whether the teacher guide offered advice on four main aspects: a) advice on how to handle 

potential evolution/religion controversy, b) advice on how to handle ideas about the nature of science, 

c) advice on how to handle the problem of misconceptions in general and d) explanations of potential 

language-related problems (risk terms). Details on what each of these aspects focused on are 

summarised in Appendix E. 

 
3.5  ANALYSIS PHASE  
 

The fourth step in my study was ‘data analysis’ (see Figure 11). Data analysis is a systematic process 

of simplifying data (or making it more comprehensible) through techniques such as description, 

condensing, and evaluation of data in a way that make it easy to see the patterns and themes that 

emerge from the data (Fraenkel et al., 2012). Because a vigilant researcher is in a position to make 

tentative research conclusions (about what is meant by things) during for instance data collection and 

reduction (Miles & Huberman, 1994), I was on the lookout for any conclusive patterns during the data 

analysis phase. The conclusive patterns hepled in shaping how I drew final conclusions for the study.  

 

Because quantitative approaches place emphasis on frequencies, they are sometimes criticised for 

missing ‘syntactical and semantic information embedded in the text’ (Weber, 1990). Qualitative 
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content analysis looks at what Zhang and Wildermuth (1966) describe as meanings beyond just 

physical messages: 

Qualitative content analysis goes beyond merely counting words or extracting objective 
content from texts to examine meanings, themes and patterns that may be manifest or 
latent in a particular text (Zhang & Wildermuth, 1966, p. 1).  

In this study, I did not only focus on frequency counts of manifest and latent problems, I also 

carefully read each sentence in the documents investigated so as “… to understand …. reality in a 

subjective but scientific manner (Zhang & Wildermuth, 1966, p. 1), especially when analysing latent 

errors.  

 

3.5.1  Analysis for errors in documents- steps followed 
 

Data analysis using codes usually involves the use of a set of identified systematic steps to condense 

massive amounts of printed information into more manageable forms of data (Sapsford & Jupp, 2006) 

or what Miles and Huberman (1994) term data reduction.  

 

In this study, data was analysed as described by Creswell (2012, p. 239): “hand analysis of data 

means that researchers read the data, mark it by hand, and divde it into parts”. The problematic 

parts of the text in the documents (manifest errors and latent problems) were identified through 

careful word-by-word reading and scrutiny of the text. Each unit investigated was then ‘marked 

up’ by underlining the problematic text section, and then coded with the appropriate code.  My 

research project supervisor (who is a specialist in evolution education) then checked if all 

sections (in 9 out of the 15 documents) which needed coding were coded using appropriate 

codes and that no irrelevant part of the text was coded. In cases where there were 

disagreements between myself and the science education specialist in terms of which code to 

use for a particular section of the text, a second science education specialist was consulted and 

the insights from the consultations were used to inform the code assigned to that particular 

section of the text. The text segments which were coded are only those which were erroneous 

and were likely to promote misconceptions, simple errors (e.g. grammatical errors) which may 

not promote any evolution misconceptions were not coded. The exact coded text sections (such 

as words, phrases, and sentences and paragraphs) and the pages on which they are found 

were then captured (recorded on the electronic data-capture sheet). 

 

3.5.2  Analysis for fragmentation and sequencing  
 

I wanted to find out a possible logical sequence of teaching evolution requisite and pre-requisite 

knowledge for easy conceptual understanding or what Johnson et al. (2011) term ‘curricular 

coherence’. I started by looking at the three American Association for the Advancement of Science 

(AAAS) content maps (American Association for the Advancement of Science, 2013) because these 

maps are compiled by experienced groups of academics and teachers after extensive discussions 

and consultations. I found the three maps to be problematic for my purpose because of the many 

complicated arrows and because the three maps did not agree on the grade at which a particular 

topic should be taught. Appendix G outlines the topic sequences proposed by the three different 

maps. 
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Experts’ advice for a possible logical sequence 

 

In my quest to find out whether there is the best way to sequence evolution and evolution-related 

topics, I then consulted two biology experts who are university lecturers with many years of 

experience teaching evolution. The first expert (expert A) happens to be teaching evolution to the 

second years students and the other (expert B) teaches evolution courses to student teachers.  

 

I listed a number of topics on small cards which could be easily reshuffled during discussions on 

sequencing. The topics, which I got from literature reviews, were ‘adaptations’; ‘importance of 

evolution by natural selection’ ‘history of life on Earth’, ‘human evolution’, ‘artificial selection’, ‘history 

of ideas about evolution’, ‘evidence for evolution’ and ‘natural selection as the mechanism of 

evolution’. Several cards were left blank so the lecturers could add any important topics which they 

felt had been left out. On consultations with the first expert (Expert A), she was quick to point out that 

there is no “one correct” sequence of teaching evolution-related topics. Her suggested sequence is 

shown in the first column (column A) of Table 7. She pointed out that ‘speciation’ is one of the 

important topics I had left out, and added it to her sequence. Her suggested sequence is shown in the 

first column (column A) of Table 7. 

 

The second lecturer (expert B) handed me his course outline which showed the order in which he 

teaches evolution (see Table 7). He also pointed out that there is no one best order in which to teach 

the topic of evolution.  

 

Table 7: Logical sequencing of evolution topics by two experts (university lecturers) 

Expert A Expert B 

a) history of ideas about evolution a) history of ideas about evolution 

b) evidence for evolution’ b) evidence of evolution 

c) ‘natural selection as the mechanism of evolution c) evolution by natural selection 

d) Importance of evolution by natural selection d) human evolution 

e) artificial selection e) visit to Origins centre 

f) adaptations f) ideas about evolutionary adaptations 

g) speciation g) out of Africa hypothesis 

h) history of life on Earth h) evolution and religion 

f) human evolution  

 

Table 7 shows similarities and differences in the sequencing of the two lecturers. It is interesting to 

note that the first three topics are sequenced in the same order by the two experts. They both 

preferred to start with historical ideas about evolution. However, expert B did not have natural 

selection, speciation and adaptation as topics standing on their own. According to expert B, and 

unlike expert A, the relationship between ‘evolution and religion’ is an important aspect of teaching 

evolution. Whilst expert B placed the topic ‘evolution and religion’ at the end, Sanders (2010) 

recommends placing it at the beginning in order to avoid potential problems experienced by some 

religious students. Placing the topic ‘evolution and religion’ at the beginning prevents making the 

learning about evolution a negative stressful experience. 

 

Checking the sequencing of evolution topics in textbooks  

 

Information from the American Association for the Advancement of Science (AAAS) maps and my 

consultations with the two evolution lecturers made it clear that there is no one best way in which to 

sequence a given set of science content topics for purposes of teaching. After having realised that 
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there is no one ‘correct way’ of sequencing evolution tropics when teaching the topic of evolution, I 

then went on to find out how topics are sequenced in the textbooks. 

 

Investigation of sequencing in curriculum documents was done by using a checklist which compared 

the topic sequencing of textbooks from Grade 10 to 12 according to the sequence used by the CAPS 

document. It was striking to note that all the textbooks used the same wording as that used in the 

CAPS document and most of the heading and sub-headings used by textbooks were exaclty the 

same as those used in the CAPS document (see Appendix F). 

 
3.5.3   Capturing the data  
 

The fifth step in my data analysis (see Figure 11) involved ‘organising data’ through capturing data in 

electronic data-capture sheets already described in Section 3.4.4. In this study, electronic data-

capture tables were used to capture the data for each document investigated. The data-capture 

instruments were used to capture (reduce) data into tables (data matrix) with rows and columns (see 

Figure 14 under Section 3.4.5 as an example). All the coded phrases and terms (data segments), and 

the exact pages where they are found were recorded in the electronic data-capture instruments so as 

to facilitate frequency counts and use of exact quotes during discussions in my results chapter. This 

study used five data capture instruments as already discussed in Section 3.4. The data capture 

instruments used included those that catpure data on: the curriculum document, textbooks, teacher 

guides, teacher guide PCK and  lastly, one for fragmentation and sequencing. 

 

3.6  REPORTING PHASE  
 

The last step in a research study is the reporting phase, in which researchers present their findings in 

ways that allows discussion and conclusions to be drawn from the study (Chenail, 2011). 

Researchers may use data displays as a way of presenting their research findings (Miles & Huberman 

1994). According to Miles and Huberman (1994, p. 11), data displays are “... an organised, 

compressed assembly of information that permits conclusion drawing and action”. Data displays, such 

as the use of tables and graphs are therefore ways of visually organising data so that answers to 

research questions can easily arise from emerging patterns in tha data (Miles & Huberman, 1994; 

Sapsford & Jupp, 2006). Reporting data by use of data displays has two advantages. Firstly, the data 

displays provide an overview (or summary) of what was has been studied (Miles & Huberman, 1994) 

and, secondly, the researcher gets an opportunity to condense data so that it becomes easy to see 

any errors which could have been made during data collection (Sapsford & Jupp, 2006).  In this study 

research data was transformed into patterns by use of data displays such as tables from which 

conclusions could be easily drawn. 

 
3.7  IMPROVING THE RIGOUR OF THE RESEARCH    
 

I have already touched on some aspects of rigour in preceding discussions, but this consolidated 

section on rigour provides a single more coherent picture of all aspects of rigour as applied in this 

research.  

 

Research rigour is about the reproducibility and trustworthiness of research results (Norman & 

Lincoln, 2000). If research lacks reliability and validity (discussed in the next two sub-sections), then it 

is of poor quality and the results cannot be useful for informing and improving practice in science 

education (Novak, 19977).  Douglas and Altman (2002) point out six setbacks of poor quality research 

resulting from aspects such as a faulty data collection. Firstly, it fails to accurately answer research 
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questions. Secondly, a poor quality research is not easily repeatable by other researchers who may 

wish to verify the results of the research. Thirdly, it misleads other researchers into following 

unbeneficial avenues of research. Fourthly, it produces research results that are not a useful 

foundation for future research.  Fifthly, it results in wastage of resources due to inaccurate findings 

and failure to make meaningful contribution to science research by not contributing to expanding 

knowledge. Finally, it negatively affects research and practice which relies on current science 

research knowledge. 

 
3.7.1  Reliability 

 
Reliability refers to the consistency and repeatability of research findings, for example, so that 

different researchers can come up with similar results on repeated trials (Fraenkel et al., 2012; 

Lederman, 1991). Lederman (1991) identifies two categories of reliability which are applicable during 

content analysis: accuracy and reproducibility or what other researchers such as Rourke et al. (2001) 

term inter-coder reliability. She says the most important type is accuracy which “... refers to the extent 

to which the classification of text corresponds to a particular standard or norm’’ (Lederman, 1991. p. 

199). In this study, the validated coding system was the standard against which accuracy was 

checked.  

  

Rourke et al. (2001) point out that inter-coder reliability is important as it is an indicator of objectivity in 

content analysis: 

 ... the reliability of a coding scheme can be viewed as a continuum beginning with coder 
stability (intra-rater reliability; one coder agreeing with oneself over time), to inter-rater 
reliability (two or more coders agreeing with each other), and ultimately to replicability (the 
ability of multiple and distinct groups of researchers to apply a coding scheme reliably) 
(Rourke et al., 2001, p. 7). 

 
Reproducibility is the extent to which the same content can be analysed and coded by two 

independent coders to get similar results [inter-coder reliability] (Lederman, 1991; Fraenkel et al., 

2012). According to Lombard, Snyder-Duch and Bracke (2002), failure to do inter-coder reliability 

checks is a research blunder that can negatively affect the reliability of the research results.  

 

Despite taking all the precautions to ensure accuracy, the element of human error may affect 

reliability and for this reason, no matter what precautionary efforts are taken, coding mistakes can 

only be minimised but not necessarily eliminated (Gottschalk, 1995). There is room for error because 

human “… coders are subject to fatigue and are likely to make more mistakes as the coding 

proceeds” (Zhang & Wildermuth, 1966, p. 3). Furthermore, because latent errors rely mainly on 

subjective individual understanding, they are more likely to be interpreted differently by different 

people (Fraenkel et al., 2012), so in this study, a particular effort was made to pay attention to coding 

latent errors accurately.  

 

Different scholars suggest different limits for acceptable reliability index levels: 75―80% (De Wever, 

Schellens, Valcke & Van Keer, 2006) and 80% (Gottschalk, 1995). I found that problematic because it 

provided allowance for the researcher to code about a fifth to a quarter of the codes inaccurately. 

Because I needed to be accurate for all the codes, i.e. wanted 100% reliability, consensus between 

the second coder and myself had to be reached, as described in earlier sections. Inter-coder reliability 

checks were conducted for the first 9 out of the 15 documents investigated in this study. 
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3.7.2  Validity 
 

Validity has to do with the extent to which research findings and the researcher’s inferences are as 

close a representation of the real phenomenon under study as possible (Lederman, 1991). Central to 

validity is that the research instruments measure what they claim to measure, and that they measure 

what the researcher intended to investigate (Fraenkel et al., 2012).  

 

The validity of instruments is usually first addressed while the instrument is being developed and this 

is often determined by means of face validity. Face validity is an “obvious” or “common truth” which is 

based on an experts’ subjective judgement about how something should work (Krippendorff, 2013. p. 

329).  

 

In this study, validity in the data collection was promoted through two important steps. Firstly, this was 

done through the use of data analysis instruments which had been produced through a reiterative 

cycle of face validation. Secondly my coding system was face validated to judge if the developed 

codes were likely to cater for problems identified in the literature. In cases were errors were identified, 

these were attended to before further coding or data-capture was done. The efforts to maximise the 

validity of the results also involved piloting the coding systems for the textbooks and teacher guides. 

The newly developed teacher guide instrument (see Section 3.4.1) was also piloted.  

 

According to Fetterman (1989), prolonged engagement with the data has a positive effect on 

maximising the validity of research results. This is because through prolonged engagement with the 

data, errors are more likely to be picked up and codes used in the study are likely to be thought out 

and consequently get refined. Creswell and Dana (2010) point out that whilst there is no prescribed 

time limit which should be spent on the data; most researchers spend from four months to a year on 

sources of data. In this study, I spent more than eighteen months working on the data in the following 

ways: identifying the evolution content, reading and coding the relevant sections of the text, typing out 

all the problematic sections of the texts in the data-capture instruments, and categorising problematic 

sections into frequency tables across different publishers. Spending time on the data enabled me to 

think about and correct various problems as they were identified.  

 

3.8  ETHICAL ISSUES 
 

Research ethics is usually concerned with upholding moral principles so as not to cause physical or 

psychological harm to any individuals or communities (Dingwall, 2008; Sikes & Piper, 2008). This 

project only dealt with documents and not human beings, so obtaining ethical clearance was not 

required. However, I report the research results for my research anonymously so that no publisher 

may feel that their textbooks have been exposed to the public as having errors.  

 
3.9  CONCLUDING REMARKS 
 

This chapter presented a literature-informed outline of how the instruments were used to collect data 

for answering the research questions. Issues of reliability and validity were addressed which involved 

piloting of the coding systems for the textbook and teacher guides. The collected data and how it was 

analysed were also discussed.   

 

 

 


