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ABSTRACT 
 

The aim of the study was to investigate the quality of diagrams and explanations of moon 

phases in grade 6 to 8 Natural Science textbooks; to establish whether the textbooks provide 

scientifically correct content information for learners and teachers and to investigate whether 

the textbooks used for teaching are effective conceptual development tools for grade 8 

learners, specifically when exploring moon phases. The research consisted of two phases, 

where the first phase investigated the quality of textbooks, and the second phase investigating 

learnersô ideas about moon phases. 

In the first phase, six textbooks were analysed, with varying results. The two grade 6 

textbooks analysed introduced cultural stories in an attempt to show how stories were used to 

help people understand moon phases. The cultural stories looking at scientific application, 

only achieved to explain the waxing and waning process the moon undergoes. Those stories 

however failed to explain correctly the cause of the moon phases. The diagrams presented in 

the textbook are misleading, as either the moon phase sequences are incorrect, or wrong 

moon diagrams are put for a particular phase. The activities though must be complimented, as 

they are good activities that would help learners understand the cause of moon phases a bit 

better. The remainder of the four textbooks, two grades 7 and two grades 8 did not include 

cultural stories. In terms of content accuracy, it was analysed that the correctness increased 

the higher the textbook grade was. 

In the second phase, it was investigated whether a textbook prescribed to learners at school 

would help learners understand the concepts on the phases of the moon.  For this purpose, 8 

learners were chosen to be interviewed. The interview involved learners being given a model 

of the sun, earth and the moon: where they were to use the models to show the relative 

position of the sun, earth and the moon for certain moon shapes that came directly from their 

textbooks. Results from the interview show that all learners had little understanding of 

concepts relating to the moon. This showed that a textbook alone was not a sufficient tool to 

help learners understand all aspects relating to the phases of the moon. 
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The findings of the two phases bring out the following implications: 

¶ Much needs to be done by tertiary institutions in equipping pre-service teachers with 

content knowledge that would help them identify misconceptions that arise in textbooks, 

so as to make sure that the misconceptions contained in textbooks are not passed down to 

learners that they teach. 

¶ Tertiary institutions should also strive to equip pre-service teachers with pedagogical 

skills that would help them design instruction that would help address learnersô 

misconceptions in relation to the phases of the moon. 

¶ There needs to be intervention by provincial departments of education, in helping to equip 

current teachers by means of workshops with pedagogical content knowledge in regards 

to the phases of the moon, and Astronomy education in general. 

¶ Textbooks prescribed by schools and government to learners, need to be taken to content 

specialist. This will help in providing textbooks that are more scientifically accurate, and 

help decrease misconceptions being passed on to learners. 
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Chapter 1 

Introduction  

1.1 Preamble  

 

This chapter provides the reader with an overview of the research, the rationale, the aims and 

objectives of the research, and the methods used in conducting this research. 

1.2 Research Background  

 

There are various topics covered at school level, in which teachers are expected to deliver 

appropriate scientifically correct content. One of the topics which falls under the section of 

óPlanet Earth and Beyondô is astronomy. 

In the RNCS (Revised National Curriculum Statement), óPlanet Earth and Beyondô has 

specific foci.  The RNCS outlines its focus areas as ñthe structure of the planet and how the 

earth changes over time, on understanding why and how weather changes, and on the earth as 

a small planet in a vast universeò (RNCS, p. 6). There are three phases mentioned in the 

RNCS: the foundation phase, the intermediate phase and the senior phase. Each phase 

contains different content under the heading of óPlanet Earth and Beyondô. In the 

intermediate phase, the following is expected to be taught: ñthe moonôs apparent shape 

changes in a predictable way and how these changes may be explained is by its motion 

relative to the earth moon and sunò (RNCS, p.69). 

In the intermediate and senior phases, which are the focus of my study, the RNCS makes 

explicit what kind of content is expected to be taught. The content that falls under astronomy 

includes the day-night cycle, moon phases and weather changes.  

A significant amount of research has been conducted on astronomy education, particularly to 

improve instruction of scientific concepts. Recently, Lelliott and Rollnick (2010) reviewed 

research conducted on astronomy education, and found that there were three sections that 

were difficult for instruction, and for learners to comprehend. These sections were: the moon 

phases, the relative sizes and distances in the universe, and seasons on earth. To give an 

example, learners are taught the different phases of the moon by the sequence in which they 

occur, accompanied by the name of the sequence and what each shape of the moon is called, 
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but it is difficult for learners to explain why these moon phases occur in relation to the 

position of the sun, earth and the moon. 

Moon phases are the common element between the sections outlined by the RNCS and my 

study. Since there seems to be considerable difficulty in understanding why moon phases 

occur, especially in the classroom context, textbooks are a source of information that teachers 

and learners depend on. Thus it would be significant to note how textbooks clarify this 

difficult concept through text and two dimensional diagrammatic representations.  

More importantly, it would be noteworthy to investigate whether the clarifications the 

textbooks provide are scientifically accurate and whether they promote abstract conceptual 

scientific development in learners. Furthermore, this study will investigate whether learners 

are able to use the text and two dimensional diagrammatic representations in science 

textbooks effectively and apply them three dimensionally. 

It is imperative for teachers to understand the content of what they are teaching so that they 

are able to present content in manner that it would be understandable for the learners. 

Shulman (1986) makes mention that subject matter knowledge is important for the 

transformation process. In his model, Shulman (1986) terms transformation as pedagogical 

reasoning. This term describes how teachers use their knowledge to teach or represent certain 

content to learners, and in order to transform the knowledge effectively, teachers would need 

to have good subject matter knowledge. 

Having good subject matter knowledge enables the teacher to choose appropriate source 

materials, such as textbooks, which will help their learners to understand correct scientific 

content, and to enhance their teaching. Textbooks thus form a crucial part in development. It 

goes without saying that textbook developers also need to have good subject matter 

knowledge, so as to represent content in various ways that learners are able to understand. 

1.3 Research Problem 

 

In li terature that has been reviewed (more detail about the literature is explored in Chapter 2), 

very few studies have looked at the relation between textbooks used at school by teachers for 

the purpose of instruction, and how it influences the learning of moon phases from a two 

dimensional perspective, and what this might mean for the learnersô three dimensional 

understanding. It is the main objective of this research report to address such a problem. 
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1.4 Aim of the Study  

 

The aim of the study is to investigate the quality of diagrams and explanations of moon 

phases in grade 6 to 8 Natural Science textbooks; to establish whether the textbooks provide 

scientifically correct content information for learners and teachers; and to investigate whether 

the textbooks used for teaching are effective conceptual development tools for grade 8 

learners, specifically when exploring moon phases.  

1.5 Research Questions 

 

In this research, the following questions will be investigated: 

1) What is the quality of diagrams and explanations of moon phases offered by 

grade 6 - 8 Natural Science Textbooks? 

a) What misconceptions can be identified by the content presented in the textbook? 

b) What structure is presented in relation to conceptual development (Does the structure 

in which content is presented build on concepts to aid conceptual development: i.e. 

concrete or abstract)? 

2) How do grade 8 learners interpret textbook diagrams of moon phases in relation 

to a physical model? 

1.6 Rationale  

 

Often the main learning sources given to students for mastery of scientific content is the 

science textbook which comprises science concepts. In schools with sufficient resources in 

South Africa, textbooks are given out to learners at the beginning of the year. These are then 

collected at the end of the year when learners write their final examination. These textbooks 

mostly provide exercises and texts explaining certain concepts in science. The learners use 

the textbook for study purposes. Since learners use textbooks in the learning process, it is 

important for the content to be scientifically correct. Given that this content may influence 

the learning of key concepts within a topic, accurate graphical representation of content is 

also imperative.  
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Through my experience of observing lessons as a pre-service teacher, I have seen that 

teachers are dependent on textbooks to assist in the teaching of content to the learners, 

especially if the teacher lacks content knowledge. Further, studies have demonstrated that 

some teachers are heavily reliant on textbooks as a teaching aid.  

Teachers tend to follow a textbookôs exact content and format without critically adapting 

lessons to account for issues such as the accuracy of the content needs of the learners, 

pedagogical strategies, guidelines regarding how the textbook is best utilised, and guidelines 

on how to assess learnersô grasp of the content (Chiapetta, Sethna & Fillman, 1991; Yore, 

1991). Therefore, textbooks have a critical role to play in enhancing learnersô content 

knowledge. 

There have been several studies that focus on learnersô ideas on moon phases. These studies 

have looked at how instruction influences the learning of scientific ideas (Barnett & Morran, 

2002; Sharp & Kuerbis 2006; and Trundle, Atwood & Christopher, 2007b). Very few studies 

have looked at the relation between textbooks and how it influences the learning of moon 

phases. Furthermore there is only a modest literature available linking texts and their 

corresponding two dimensional graphical representations, as well as their likeness to three 

dimensional models. Therefore, investigating how textbooks affect learning may help 

teachers to be cautious in the selection of prescribed textbooks to use for instruction. If the 

textbooks contain misconceptions, such misconceptions may be transmitted to learners, who 

then may hold incorrect scientific ideas about moon phases. This study may also help 

practitioners on looking at alternative ways that could be used to aid the understanding of 

moon phases to the learners.  

As explored above, since these topics are conceptually abstract they are often perceived as 

difficult topics to cover with learners, and they require teaching the core knowledge of 

concepts rather than superficial facts (Trundle et al.,2007b). A principal tool in teaching is the 

textbook. Thus the primary focus of this study is to determine whether textbooks facilitate the 

process of learning of conceptually abstract topics in a scientifically accurate and dimensional 

manner.  
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1.7 Methodology  

 

The research was executed in two phases. Phase one addressed the first research question. 

Phase two addressed the second research question. 

Phase 1: Analysis of Textbook 

Materials: Science Textbooks 

Six science textbooks were examined to investigate the quality of diagrams and explanations 

of moon phases.  

Textbooks were selected on the basis of whether moon phases content was covered in the 

section of óPlanet Earth and Beyondô. Of the six textbooks, two are grade 6 textbooks, two 

are grade 7 textbooks and two are grade 8 textbooks.  

Data: 

The instrument used for data collection is an adaptation of an instrument used by the British 

Columbia Ministry of Education (2002, 2008) in selecting appropriate resources that could be 

used for instruction. A few amendments were made to the instrument, to suit the purpose of 

the present study. The instrument is discussed in more detail in chapter 3. 

Phase 2: How textbooks affect learning 

Sample: 

The school chosen to participate in the study was the school that the researcher taught in. The 

reason for choosing the school was based on the opportunity to have immediate access to the 

learners that were to participate in the study. It was also based on convenience, where it was 

easier to structure a time period for content to be taught without jeopardising the work 

schedule set by the Natural Science teaching department at the school.  The sample consisted 

of one grade eight class that was not taught by the researcher. In the grade 8 class, 15 learners 

were chosen according to their academic performance in the subject of Natural Science. The 

15 learners were chosen in such a way that they fitted into the following categories; above 

average, average and below average. The criterion in the selection of learners was done in 

such a way that learners at all levels as per the mentioned categories could be represented. 

For an equal representation of learners, 5 learners per category were selected by the educator 
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teaching the class. The 15 learners chosen were asked by the researcher about their 

willingness to participate in the study.  

All the learners agreed to participate in the study and were given appropriate consent forms to 

fill out with consent from the parents of the learners. The learners were then interviewed after 

they had been taught the section of moon phases. 

Interview:  

The purpose of an interview is to explore why participants answered the way they did in 

specific questions (Opie, 2004). The reason behind using an interview for the purpose of my 

research was to determine whether learners are able to explain why they represent textbook 

illustrations using models given to them. The models consisted of objects which represented 

the sun, earth and the moon, and learners were asked to manipulate these models to represent 

what they see occurring in the illustrations. 

Data collection: 

An interview schedule was used to obtain responses from interviewees. The responses 

obtained were transcribed and later analysed.  

The interview schedule used by Trundle et al. (2002) was adapted. Only slight changes were 

made to the instrument to suit the purpose of the current study. During the interview, learners 

were shown images of the different shapes of the moon from their textbook used at school. 

Learners were asked to model what they saw using three dimensional replicas of the sun, 

moon and earth. 

Learners were videotaped during the interviews as they demonstrated their three dimensional 

application abilities. The video footage was used to transcribe learnersô responses, and to 

view the learnersô arrangement of the models of the sun, earth and the moon for analysis 

purposes. 

1.8 Structure of Research Report  

 

The research report consists of six chapters, including the introduction within this chapter. In 

Chapter 2, relevant literature is reviewed that pertains to the current study to give a 

background on other studies conducted, which involve the teaching and learning of 

astronomy concepts by teachers and learners, especially on the topic of moon phases.  
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The theoretical framework used for the study is also presented in this chapter: the two main 

frameworks guiding the study are constructivism and mental modelling. Both these 

frameworks are discussed in detail in the chapter. 

In Chapter 3, I will present the methodology and procedures used in collecting data in the 

study in more detail. I will explain what type of study this research is, and explain the sample 

involved in this study in more detail: the background of the participants in the study is 

addressed, i.e. the choice of the school and status of the school, the class which the learners 

come from, and the teacher involved in choosing learners from her class to participate.  I will 

further explain the process involved to refine the research instruments used for the purpose of 

the study, and look at the validity and reliability of the instruments. I will also look at ethical 

considerations with regard to the study. 

In chapter 4, the results of the textbook analysis are discussed in detail. To start off with, a 

summary is given on the meanings of the characteristics used in the textbook instrument so as 

to make the results presented more meaningful. A brief summary is provided at the end to 

highlight the outcomes of the analysis process. 

In chapter 5, data from the interviews is discussed in detail. As in chapter 4, a brief summary 

is provided to highlight the outcomes of the interview process. Issues around the validity of 

the instruments used in chapters 4 and 5 are also discussed in this chapter. The reason for 

discussing chapter 4ôs instrument in terms of validity in this chapter is because at the end of 

the chapter, the relationship between the textbook used and learnersô understanding of moon 

phases is summarised in this chapter; therefore, it made more sense to discuss both 

instruments in this chapter.  

In chapter 6, research findings are discussed in the chapter and research questions are 

answered based on the outcomes of the data presented in chapters 4 and 5. This chapter also 

presents conclusions in light of the data collected, reflects on the study conducted, presents 

limitations of the study, and briefly discusses recommendations. 
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Chapter 2 

Literature review  

2.1  Introduction  

 

The literature review is divided into six sections. Four sections are dedicated to the themes 

that are relevant to my research objectives. The sections include moon phases, models and 

textbook analysis. The last section outlines the theoretical framework that guides my study. 

2.2  Moon Phases 

 

Moon phases are caused by the orbit of the moon around the earth. There are three bodies 

involved contributing to the moon phases; namely the sun, earth and the moon. The 

positioning of these three entities, gives the appearance of the moon, depending on the 

relative positions. Below is a summarised version of what the moon would look like with 

respect to relative positions of the sun, earth and the moon (Note: the diagram indicated 

below is not illustrated according to scale) : 

 

 

 

 

 

 

Figure 2.2a: Illustration of moon shapes in respect to the position of sun, earth and 

moon adapted from http://www.moonconnection.com/moon_phases.phtml 

(MoonConnection.com). 

Looking at the diagram, one notices that on the outer side of the diagram, the moon phases 

are represented, and on the inner side, one notices that the moon is half lit by the sun all the 

time. This is a satisfactory summary to the concept of moon phases, as Bailey & Slater (2003) 

explains that ñdespite half of the moon being illuminated by the sun all the time, the portion 

http://www.moonconnection.com/moon_phases.phtml
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of that half that can be seen from earth ï what we call the phase ï depends upon the relative 

positions of the sun, earth and the moonò (Bailey & Slater, 2003, p. 22). 

Moon phases can be observed in the night sky, when weather conditions allow it. The 

concept as written on paper may look straight forward, yet learnersô and teachersô alike still 

have problems in understanding why the moon phases occur. 

Below, literature is explored in more detail with regard to misconceptions learnersô and 

teachersô/adults have about moon phases. 

2.2.1  Misconceptions 

 

The term ómisconceptionsô is sometimes interchangeably used with the word óalternate 

conceptionsô. It is therefore important to look at the meaning of both words, as literature used 

for the study talks of either misconceptions or alternate conceptions. 

 

The word ómisconceptionsô is used to refer to aspects of learnersô conceptions that do not 

reflect scientistsô understanding of a natural phenomenon (Duit, 1991). This entails learnersô 

holding ideas or conceptions which are not scientifically correct. On the other hand, óalternate 

conceptionsô, were defined by Hewson & Hewson (1983) & Kuiper (1994) as a conceptual 

understanding contained by an individual about a specific concept, where the understanding 

of such a concept is at odds with scientifically accepted norms. The definitions, even though 

slightly different, relate to one another, as both mention the individuals understanding of 

knowledge which is at odds with the scientific view. 

 

Therefore, for the purpose of the current study, the terms ómisconceptionsô or óalternate 

conceptionsô will be understood to relate to learnersô understanding of concepts relating to 

the phases of the moon that is at odds with the scientific view. 

 

Stahly, Krockover and Shepardson (1999) cited Baxter (1989) in their study in identifying the 

most common misconceptions held by learners. These conceptions include: 

 

1. Clouds cover the part of the moon we cannot see. 

2. Planets cast shadows on the part of the moon that we cannot see. 

3. The shadow of the sun falls on the moon, blocking our view of it all. 
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4. The shadow of the earth falls on the moon, blocking our view. 

(Stahly et al., 1999, p. 160) 

 

Out of this list Baxter (1989) noted that the most commonly held conception on the cause of 

moon phases by children was that of the earthôs shadow falling on the moon. The above 

mentioned conceptions are misconceptions, as the accepted view of what causes the moon 

phases, is that ñthe moonôs apparent shape changes because of the moonôs position with 

respect to the sun and earth changesò (Suzuki, 2002, p. 893). Without understanding this 

relationship, it is likely that learners and adults alike would have an incorrect view of the 

cause of moon phases. 

 

These common misconceptions held by learnersô may be disseminated by parents, textbooks 

or instructional models (Callison & Wright, 1993). Looking at todayôs schools and certainly 

in my experience as a teacher, textbooks are a tool used by a teacher to communicate 

knowledge of concepts underlying a topic.  

 

Teachers give learners exercises out of the textbooks to use, so as learners can test their 

understanding. Textbooks therefore in some cases tend to be a principal source of content in 

most classrooms as mentioned by Harnes & Jager (1981). In addition, teachersô who are 

especially dependent on textbook material for teaching content may also communicate these 

misconceptions to their learnersô (Skamp, 2004; Trundle et al., 2002), as they may not have 

enough content knowledge to notice the flaws conveyed by the textbook. 

 

King (2001) conducted a survey in the 1990s amongst 150 teachers. This survey was 

conducted to test teacher knowledge in a learning area introduced in England and Wales by 

the NCS (National Curriculum for Science). The new learning area was called earth science.  

King (2001) demonstrated that the teachersô content knowledge was weak, and the same 

teachersô used textbooks as a source of information. Since the teachers had weak content 

knowledge, the teachers tended to believe what was written in the textbooks, despite the 

textbooks containing a lot of misconceptions. The teachers subsequently transmitted the same 

misconceptions from the textbooks to the learnersô through their teaching. His study 

illustrated the impact textbooks had on the teachers and, subsequently, on the learners that the 

teachers were educating. 
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Wandersee, Mintzes, & Novak (1994) reviewed the claim that teachers hold the same 

misconceptions as learners and commented that the persistence of teachers having these 

misconceptions ñmay be an effect of poor college science textbook writingò (Wandersee et 

al., 1994, p. 189).  Science textbooks play a fundamental role both to teacher and learner. 

Thus, science textbooks that hold misconceptions set off a chain of communication which 

ultimately disseminates incorrect scientific conceptions.  

 

Cohen & Lucas (1999) warn that misconceptions may arise in textbooks based on 2- 

dimensional diagrams drawn about the moon. The research makes mention that the traditional 

moon diagrams drawn in textbooks do not correctly indicate the relative distance and size of 

the moon, sun and earth. Engestrom (1991) is a researcher who validates the point of scale 

contributing to misconceptions; by making mention that it is due to scale that has resulted in 

the culture of believing that the earth casts a shadow on the moon (By scale, it is meant the 

relative size of the sun, earth and the moon including the realistic distances that exist between 

sun, earth and the moon: in other words, how far the sun, earth and the moon are from each 

other). To elaborate more on this point, one could use the drawing shared in the paper written 

by Engestrom (1991): 

 

Figure 2.2.1a Textbook Drawing taken from Engestrom (1991) 

The diagram shown in figure 2.2.1a is a textbook diagram that Engestrom talks about the 

importance of scale. Engestrom mentions that by looking at the diagram, it is quite noticeable 

that the earth is close to the moon in reference to the distance, and that there is also little 

difference when it comes to the size of the earth and the moon. Engestrom argues that the 

diagram in figure 2.2.1a is unrealistic, and that these unrealistic drawings are the cause in 

learnersô having naµve misconceptions relating to the moon phases.  
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To illustrate his point, Engestrom gives a realistic example in regards to scale, by mentioning 

that ñin reality, if the sun were symbolized with a ball with a radius of little over 50 cm, the 

earth would be symbolized with a ball with a radius of just a little over 0.5 cm and located 

150 m from the sunò (Engestrom, 1991, p. 248).  

Cohen & Lucas (1999) further point out that the diagrams drawn in textbooks may also fail to 

expose the direction in which the moon orbits. Furthermore, they note that the 2-dimensional 

diagrams in textbooks do not clearly reflect the complex aspects such as the relative 

movements of the sun, earth and the moon in the dynamic system of moon phases. 

Misconceptions that arise from textbooks ñmay derive from the authorôs limited 

understanding; from poor attempts to simplify ideas for their pupil-readers, or by inadequate 

attempts to coach their writing to address the views of science that pupils are likely to haveò 

(King, 2010, p. 584). This may then cause a negative effect on both learnersô and teachersô 

alike. 

 

Thus, a point of investigation in the present study was to investigate whether science 

textbooks that are prescribed to learnersô for school use have correct scientific content on 

moon phases. This may then show whether procedures followed by the South African 

government in analysing textbooks have merit or not. This may also inform teachersô in 

taking necessary measures in terms of analysing and choosing the textbooks which have 

accurate scientific content for learnersô. 

 

Now that the most common misconceptions have been highlighted, the literature below 

explores teachersô and learnersô conceptions about moon phases, so as to establish if 

misconceptions contained by teachersô and learnersô correlate to the most common known 

misconception; that is, the cause of moon phases is because of the earth casting a shadow on 

the moon.  

Further, literature is explored in terms of intervention studies, to establish whether it is 

possible to change misconceptions that teachersô and learnersô have. 

2.2.2  Teachers/Adults and Moon Phases 

 

Although this study looks at grade eight learnersô in high school, there is a need to look at 

literature which concerns teachersô/adults ideas about moon phases, as it may inform us on 

how learnersô would have constructed ideas they possess about the phases of the moon e.g. 
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through teaching. Following this idea, it is also likely that misconceptions held by the 

learnersô would be similar to those of the teacher. 

Parents send their children to school to be educated, and teachersô are entrusted with helping 

these children understand concepts in the respective subjects that teachersô teach. Part of the 

success in helping learnersô understand the correct concepts, is based on the teachersô 

knowledge of the subject content: the teachersô content knowledge needs to be sound, so that 

correct scientific concepts can be conveyed. It is therefore important to see what the literature 

reveals about content knowledge or, moreover, teachersô ideas regarding moon phases. 

If  teachers have misconceptions about specific concepts, then chances are that the learnersô 

that they teach too will  have the same misconceptions. Below, literature is explored to 

determine what conceptions pre-service teachersô and in-service teachersô have about the 

cause of moon phases. Even though learnersô are taught by in-service teachersô, it is however 

important to also establish pre-service teachersô conceptions about the cause of moon phases, 

as this would inform us on the thinking of in-service teachers, so as to try and establish if a 

link exist.  

Schoon (1995) conducted a study in the American Midwest to establish conceptions pre-

service teachersô had in terms of the cause of the moon phases. Schoon administered a 

questionnaire to 122 pre-service teachersô, which contained questions relating to moon 

phases, and found that 62, 3 % of the pre-service teachersô believed that the cause of the 

moon phases was because of the earthôs shadow being cast on the moon. This conception is 

in accordance to the most held misconception mentioned in the above section. Other similar 

studies conducted earlier, by Dai & Capie (1990), and Callison & Wright (1993) also found 

that that the majority of the pre-service teachersô did not understand the cause of the moon 

phases, and had the common misconception of the earthôs shadow being cast on the moon.  

In the study of Callison & Wright (1993) for an example, 64 elementary pre-service teachersô 

were investigated on their ideas about the phases of the moon: before instruction commenced, 

a pre-test was administered to the pre-service teachersô, and it was found that 6, 6% of the 

teachersô had a scientific idea about the concepts underlying the phases of the moon. After 

instruction, there was a considerable change, as approximately 22% of the pre-service 

teachersô after intervention developed a scientific idea about the phases of the moon. Even 

though this was a drastic improvement, there were still pre-service teachersô (the majority) 

holding non-scientific ideas in relation to the phases of the moon. 
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Looking at in-service teachersô conceptions about moon phases, Summers & Mant conducted 

a study where it focussed on an England and Wales curriculum theme named ñThe earths 

place in the universeò. The theme contained astronomy topics which teachersô were expected 

to deliver to their learnersô through instruction.  

One of the topics that fell within this theme was moon phases. Summers & Mant (1995) 

administered a questionnaire to 120 primary school teachers, where 57 of the questions asked 

were closed questions. The majority of the teachersô in this study attributed the cause of the 

moon phases, to being that of a shadow blocking the moon. Most of these teachers said that it 

was because of the earthsô shadow that causes the moon phases to occur. The findings of 

Summers &Mant (1995) are similar to those found in pre-service teachers. 

From the above literature, it can be seen that pre-service teachers and in-service teachers have 

non-scientific ideas about what causes the moon phases. Below, literature concerning 

intervention studies will be explored, so as to establish whether it is possible to change non-

scientific ideas (by a considerable amount) about the phases of the moon through instruction. 

2.2.2a Intervention Studies  

 

Trundle et al., (2007a) investigated twelve pre-service elementary teachersô conceptions of 

moon phases before, and after instruction. Further, they investigated if conceptual change 

was possible after instruction.  

Before instruction took place, when teachersô were tested on their knowledge of moon 

phases, it was found that eleven out of the twelve teachersô had alternate conceptions about 

the cause of moon phases while the remaining participant was unable to explain the cause of 

moon phases at all. 

 

The instruction in Trundleôs 2007a study took nine weeks and involved the pre-service 

teachers recording their observations of the shape of the moon over a nine week period. The 

instruction involved the following activities by the pre-service teachersô: 

¶ Pre-service teachersô collecting visual data on the moon. 

¶ The data collected being analysed. 

¶ After analysis, results being discussed. 
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After the pre-service teachers conducted the given activities, which were part of the 

instruction, post- tests were administered to the teachers, to test for their understanding of the 

concept of the phases of the moon. The results obtained from the post-test demonstrated that 

the teaching methodology used subsequently prompted scientific conceptual understanding, 

as all twelve teachersô showed evidence of holding scientific understanding about moon 

phases 3 weeks after instruction. It must also be noted that 3 weeks after the study, there was 

no pre-service teacher that held an alternate conception concerning the phases of the moon. 

Further some of the teachersô (9 out of 12) still maintained this scientific understanding of the 

phases of the moon six months after the intervention.  

The success of the teaching strategy used was based on a concept termed conceptual change, 

where the concept was interwoven with pedagogical strategies. Conceptual change is a 

concept aimed at changing incorrect non-scientific ideas to be scientific. There are processes 

that an educator can undergo to try to get learnersô to change their alternative views (Trundle 

et al., 2007a). There are four characteristics that apply during instruction, where these 

characteristics aim at restructuring non-scientific ideas (Vosniadou, 1991; 2003; in Trundle et 

al., 2007a: 305). These are as follows: 

1. Conditions are created in which studentsô evaluate empirical evidence that is contrary 

to their beliefs. 

2. Instruction provides clear explanations of scientific concepts, preferably through 

conceptual models or analogies. 

3. Instruction utilises demonstrations that show the scientific models and explanations 

which are superior to non-scientific conceptions and explanatory frameworks. 

4. Instruction promotes intentional learning, which is viewed by the learner as being 

purposeful and is characterised by a high level of meta- cognitive awareness and self-

regulation. 

To briefly explain what the different characteristics entail for participants to do in order to 

have an effective conception change, each characteristic will be explained briefly: 

Characteristic 1 deals with participants going outside to view the moon over a set period of 

time. The viewing of this moon would also entail participants drawing on a piece of paper the 

type of moon shape seen on a daily basis for the set period of time. After the period of 

observation and recording data, the participants view their data, and discuss any trends seen 

e.g. recurring patterns.  
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Characteristic 2 involves the participant working with the teacher so as to establish 

explanations which are scientifically correct to explain what was observed and recorded 

during the period of data collection.  

Characteristic 3 involves using models to prove explanations given as per characteristic 2.  

Lastly, characteristic 4 involves a personal introspection by the participant of looking at 

conceptions that the individual had about the moon phases and reviewing their conceptions 

with what they have learnt after instruction. In this way, intentional learning is fostered.  

 

The terms meta-cognition and self-regulation are constructs that are used in educational 

literature, where different meanings are derived from these two terms (Dinsmore, Alexander 

and Loughlin; 2008). They suggest that the two terms, meta- cognition and self-regulation are 

sometimes used interchangeably. In the context of the paper written about the 4 

characteristics mentioned, this is indeed the case, where the meaning of the two words that 

are used interchangeably was derived from the researcher White.  

 

White (1998) makes mention that meta-cognition is a term that means inner awareness. In 

light of characteristic 4, this would mean that the participant becomes aware of the alternate 

conceptions that they had about the moon, where a change comes about; the change being of 

altering their alternate conceptions, so as to have an understanding that is in line with the 

scientific view. In that way, intentional learning takes place.  

 

Other intervention studies conducted for teachersô; where there was an improvement in the 

teachersô understanding of the cause of moon phases includes (Mulholland & Ginns, 2008; 

and Ogan-Bekiroglu, 2007) as examples. 

 

Mulholland & Ginns (2008) conducted research with pre-service teachers óat four universities 

situated in the United States of America and Australia.  

The location of the universities made it possible for the pre-service teachersô to get 

perspective on observations in the Northern and Southern Hemisphere. This meant that the 

pre-service teachersô that were situated in the Northern Hemisphere collected data of visual 

aspect of the moon, and likewise, teachersô in the Southern Hemisphere did the same: later, 

online discussions amongst the teachersô in the Northern and Southern hemisphere were 

administered so that the pre-service teachersô could make comparison with data collected (the 
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data collected by the pre-service teachersô was posted online to enable meaningful 

discussions).   There were a total of 72 pre-service teachersô involved in the study. 

Tests were administered to the pre-service teachersô to establish their understanding about the 

phases of the moon before and after instruction. The same questions were used for the pre 

and post-tests. The study looked particularly at the correctness of answers before and after 

instruction. The questions asked were related to 8 concepts relating to the moon, namely: 

¶ Period of the Moonôs orbit around the earth. 

¶ Direction of the Moonôs orbit around the earth. 

¶ Period of the Moon cycles of phases. 

¶ Motion of the moon from East to West. 

¶ Phase and earth, sun and moon position. 

¶ Phase location in sky time of observation relationship. 

¶ Cause of Lunar phases. 

¶ Effect of lunar phase with change of location on earth. 

Results reveal that there was an improvement in the correctness of answers in the post-test. 

This improvement showed that with the intervention taken, it was possible for an 

improvement to happen. The intervention used various activities to help teachersô have a 

better understanding of moon phenomena:  

¶ The pre-service teachersô recorded the shape and location of the moon (included was 

the time and date of the observation made), and made comments about their 

observations. 

¶ The pre-service teachersô wrote about differences and similarities on observations 

made in the Northern and Southern Hemispheres. 

¶ The pre-service teachersô needed to try and explain why the moon changed its shapes 

based on observed data. 

¶ Learnersô shared results obtained from the assignments given to them about the 

concept of the moon. 

Ogan-Bekiroglu (2007) conducted research with 36 Turkish pre- service teachersô about their 

understanding of concepts relating to the moon. Like Mulholland & Ginns (2008), pre and 

post -tests were conducted to establish the pre-teachersô understanding of concepts relating to 

the moon before and after instruction. In terms of the questions posed, Ogan-Bekiroglu 

looked not only at the correctness of the answers based in questions posed, but rather looked 

if there was a shift in the mental models of the teachersô after instruction took place (mental 
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models are discussed in detail in section 2.5.2 within this chapter). Results revealed that 

before instruction, ñteachers held flawed, incoherent and incomplete mental models about the 

moon and some lunar phenomenaò (Ogan-Bekiroglu, 2007, p. 580). Having such mental 

models meant that before instruction, teachersô contained non-scientific ideas about concepts 

relating to the moon. The concepts where the teachersô held the most non-scientific ideas 

were the following: 

¶ Moon rise and moon set 

¶ The seeing of the same phase of the moon 

¶ The moons effect on the tides 

¶ Appearing of the same face of the moon at the same time all over the world 

¶ Magnitude change in the appearance of the full moon 

¶ The number of lunar eclipses 

It was found however that after instruction, that some of the pre-service teachersô mental 

models shifted from ñflawed, incoherent or incomplete mental models to correct mental 

models (Ogan-Bekiroglu, 2007, p. 581). This meant that after intervention, some of the 

teachersô that had non- scientific ideas about the moon shifted to being ideas that were 

scientific. The cause of this shift was due to the following activities having being done by the 

participants in the study: 

¶ Weekly moon observations kept in journal entries. 

¶ Feedback given to pre-service teachersô about their journal entries. 

¶ Comparing of observations with peers, and looking for patterns. 

¶ Construction of 3- dimensional models to explain observed phenomena of the moon. 

¶ Looking at sources to help aid the pre-service teachersô to construct their models. 

¶ Presentation of models to the class, stating limitations of the models created. 

(Ogan-Bekiroglu, 2007, p. 564) 

 

In the studies mentioned, before instruction, it was shown that teachersô had a limited 

understanding about the cause of moon phases. It was only after intervention, that there was 

an improvement in the teachersô understanding, showing that it is possible to change alternate 

views contained about the cause of moon phases.  

 

It is important to note that the strategy employed by Trundle et al., (2007a) within the South 

African context would benefit pre-service teachers more, as it would help them understand 
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fundamental concepts relating to the phases of the moon. In relation to teachers at school, if 

the teaching strategy employed by Trundle et al., (2007a) for example, were to be employed 

by teachers in their instruction to learners, it would prove to be difficult. In a school setting, it 

is not possible to do such a task as time to teach a concept is limited. However, at least one 

characteristic from the list above can be incorporated into the education system through 

textbooks: that being characteristic two, as a textbook provides explanations about content 

and may simplify content to formulate it to be more understandable by using diagrams, and 

analogies. This may be especially valuable with content that is perceived to be difficult. The 

principal aim in the present study was to identify whether or not characteristic two is possible 

with the aid of a textbook. 

2.2.2b Elementary and Middle School Learners 

 

The literature evaluated makes mention of three types of phases, namely Elementary School, 

Middle School and High School. In the South African context, the terminology of Elementary 

and Middle school is not familiar, and therefore it is important to define which grades 

constitute Elementary School and Middle School learners, so as to link the relevance of the 

theory below to the current study for the sake of relevance. Table 2.2.2b shows the grade 

system and the relevant age groups for particular grades: 

Table 2.2.2b: Different levels of school 

Type of School Division Relevant age for grade (years) 

Elementary School 

Elementary School has three subdivisions 

Preschool 4-5 

Kindergarten 5-6 

Grade 1 ï Grade 5 6 -11 

Middle School 

Grade 6 ï Grade 8 11-14 

High School 

Grade 9 - 12 17 - 18 

 

While the literature analysed and learners involved in the research fall under Middle School, 

it is also important to establish what the literature shows about learners at Elementary School 

level. Learners do not enter the classroom as empty vessels but have, to some degree 

(whether by previous instruction or observation); some knowledge of astronomical 

phenomena like moon phases (Lindell & Olsen, 2002). Knowing what learnersô think about 
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what causes moon phases would also provide insight into why learnersô have difficulties in 

understanding moon phases in Middle School. 

 

2.2.2c Elementary School Learners and Moon Phases 

 

Since adults (by the likes of pre-service and in-service teachersô explored above) have 

alternate conceptions about what causes moon phases, it is very likely that learners both in  

Elementary School and Middle School will also have alternate conceptions.  

Previous research conducted by Philips (1991) and, Bisard, Aron, Francek & Nelson (1994) 

shows that the common belief in both children and adults is the conception that the earth casts 

a shadow on moon; this is a common misconception. It is not surprising that both learners 

and adults would hold the same misconception, as there is a possibility that teachers who 

have misconceptions about the phases of the moon, may pass on their own misconceptions to 

the learners that they teach during instruction. Attention in the following paragraphs is paid to 

intervention studies, since it is a known fact as highlighted by research done, that learners 

have misconceptions before instruction. The literature explored looks at if there are 

possibilities that learnersô views about the moon phases can be changed. 

 

Trundle et al., (2007b) investigated fourth grade learnersô conceptions on moon phases by 

means of visual representation on a piece of paper. The learnersô were asked to do drawings 

of moon phases and the pattern in which the moon phases appeared. The administration of the 

drawings took place before and after instruction, to compare whether there was any 

improvement in knowledge acquisition. From these drawings, learnersô conceptions of moon 

phases could be determined.   

The research found that before instruction, learnersô had a very poor understanding of 

observable moon phases and the patterns of the cycle of the moon.  After instruction, 

however, where the task involved the gathering, recording, and sharing of moon data (similar 

to the instruction adopted for the pre-service teachersô in Trundle 2007a), learnersô 

demonstrated a good understanding of the concepts.  

Realistically again, it would prove to be difficult to conduct instruction similar to Trundleôs 

in the South African context, as time given to complete the section of the curriculum covering 

the phases of the moon is very limited. 
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An interesting study, where the aim was not on addressing learnersô existing alternate 

conceptions, but was based on a careful planned instruction to help learnersô identify their 

own understanding of astronomical phenomena, and reflecting on the change that occurs in 

their understanding, was conducted by Barnett & Morran (2002). To establish whether the 

methodology employed was successful, Barnett & Morran conducted a pre-and post-survey, 

and as well as a pre-and post-test interview on the participants.  The study in particular 

investigated ideas that grade 5 learnersô had about phases of the moon, solar and lunar 

eclipses. The study involved 17 learners.  The researchers found that the concepts of moon 

phases, solar eclipse and lunar eclipse, were confused with each other.  Barnett & Morran 

(2002:875) concluded "that instruction does not necessarily need to directly address studentsô 

alternative frameworks to promote conceptual change", but rather, instruction can be 

designed in such a way that learnersô through carefully designed activities, can discover for 

themselves their alternate views, and change their own views once they realise that their 

thinking was incorrect. 

2.2.2d Middle School Learners and Moon Phases 

 

In terms of Middle School learners, Brunsell & Marks (2007) conducted research to establish 

ideas learners from grades 6 -11 had about the moon phases. Again, as seen from the above 

mentioned research, a small percentage out of each group was able to correctly explain the 

cause of the moon phases. Rider (2002), who also tried to establish 32 of his learnersô ideas 

about moon phases through semi-structured interviews, came to the same conclusion: that 

those learnersô had difficulty in explaining the cause of the moon phases, and that only a few 

learnersô could correctly explain this phenomenon. The majority of the learners in the study 

of Brunsell & Marks (2007), and Rider (2002) cited the most common misconception held 

about the cause of the phases of the moon; the misconception being that a shadow is cast on 

the moon. 

Trundle et al., (2010) conducted a similar exercise with Middle School learners as they did 

with Elementary School learners as mentioned above, and obtained similar outcomes. Their 

results demonstrated that learners had a poor understanding of moon phases before 

instruction and an improvement in the understanding of moon phases and patterns afterwards. 

This suggests that instruction had an influence on the learnersô understanding of moon 

phases, and that procedures followed during instruction were successful. 
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Interestingly, both the teachers and learners from the above-mentioned studies had the same 

alternate non-scientific views about the moon phases and their patterns before instruction. 

The studies thus suggest that by using the theory of conceptual change, learners and teachers 

alike will be able to learn and understand correct scientific knowledge about the moon 

phases.  

From my observations as a student teacher during my year of study (2004 ï 2007), and as a 

teacher in a school (2009 ï 2013), science textbooks seem to be one of the principal tools in a 

typical classroom for learners to use to advance their knowledge about content learned in 

class. Therefore the focal point of the present study is the textbook, looking particularly at the 

content presented to establish if the textbook alone is able to help learners understand 

concepts relating to the phases of the moon.  

There are set times in which work needs to be completed in a school environment. The 

activities that are covered in the study of Trundle et al., (2010) take place over a nine week 

period: in a school system, especially in my workplace, nine weeks is far too much time to 

spend on a single activity or concept. For this reason, moon observation activities were not 

considered for the purpose of my study. However, post-test procedures as well as some 

methodological procedures from these studies were incorporated to explore what the learners 

know after the use of the textbook.  

2.3  Models 

 

Gilbert & Boulter (2000) state that models are a representation of an idea, where the 

representation of such an idea serves the purpose of making an abstract concept more 

understandable. Gilbert & Boulter (2000) do acknowledge that there are different 

representations of models, and mention 5 types, namely: 

¶ Concrete ï 2- dimensional and is made of resistant materials 

¶ Verbal ï description of entities and the relationships between them in a       

representation 

¶ Symbolic ï consist of chemical symbols and formula, chemical equations and 

mathematical expressions 

¶ Visual ï use of graphs, diagrams, and animation. 2-dimensional representation of 

diagrams 
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¶ Gestural ï makes use of the body or its parts 

The present study thus focusses on 3 types of models, namely concrete, visual and verbal, and 

looking at the relationship that exists between these three types of models, by establishing if 

visual models enhance explanation (verbal) of what causes the moon phases. The symbolic 

model is not applicable in the present study as there are no formula and expressions to 

consider. And likewise, gestural models are not also considered in the present study, as 

learnersô make use of models to explain observed phenomena in regards to the moon.  

To determine whether learners understand the concept of what causes moon phases, learners 

will be asked to explain their ideas by using concrete models: the reason behind using 

concrete models is explained in the next paragraph. 

For proficient understanding of the concepts in moon phases, learners require spatial 

perception (Mualem & Nussbaum, 2002; Yair, Mintz & Litvak, 2001). Relative distances of 

the earth, moon and sun, scale and movement are essential concepts that need to be 

understood fully with regard to moon phases.  Typically, diagrammatic representations found 

in textbooks are 2-dimensional, whereas, in reality, the phenomenon of moon phases occurs 

3-dimensionally. Thus, textbooks cannot cater to learnersô conceptual understanding 

exhaustively. 

In order for learners to understand astronomical phenomena such as moon phases, they may, 

in some cases, be required to build mental models, and to make complex mental 

manipulations on the model to test for their understanding of the position of the sun, moon 

and earth in different moon phases (Mualem & Nussbaum, 2002; Yair et al., 2001).  In other 

words, learners would thus need to visualise mentally if given, for an example a waxing 

crescent, to think of the shape, and how the sun, earth and the moon would need to be 

positioned to get such a shape. 

There are studies that show the benefits of including the use of models in instruction, so that 

learners can understand concepts that they are being taught a bit better. A few of these studies 

are discussed below. 

Stahly et al., (1999) conducted research on third grade studentsô ideas about moon phases. 

The research conducted was informed by a series of 6 lessons taught to a class of a total of 21 

learners, in which 12 learners were boys, and the rest being girls. Only four learners (2 girls 

and 2 boys) out of the total of 21 were involved for data collection purposes, based on the 
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teachersô recommendations. The learners were chosen in terms of academic ability and verbal 

ability. Stahly et al., used questionnaires and interviews to determine the learnersô views 

about moon phases before and after instruction. 

The first lesson, involved finding out ideas learnersô had in relation to moon phases. The 

second lesson to the sixth lesson looked at the introduction of models: model of the sun, earth 

and the moon. These models in a series of activities were used by learners to explore how the 

moon would look like, with different positions of the sun, earth and the moon. Learners were 

encouraged to do drawings, so it could be analysed if learnersô understood the concepts. Not 

all learnersô drew scientifically correct drawings, and when this was discovered, there was a 

lesson time devoted in reviewing the work leading to the drawing of diagrams. 

After learners had an opportunity to work with the models, there was a change in terms of 

their responses as compared to responses given about moon phases before instruction took 

place. The responses learnersô gave after instruction about moon phases tended to have ñmore 

scientifically accurate aspectsò (Stahly, 1999, p. 174). This shows that conceptual change in 

terms of learnersô thinking about moon phases was possible with the aid of using models. 

What is striking about this study though is that not all learnersô inaccurate scientific notions 

changed about moon phases, where Stahly (1999) suggested that there are some learnersô that 

would continue to hold inaccurate views about moon phases, depending on what is 

assimilated by the learnersô in their mental structures.  

Nevertheless, this study still proved that models do help to some extent, in learnersô 

understanding concepts relating to the moon a bit better. Other studies that included models 

in instruction to help learners and adults (pre-service teachers) improve their knowledge are 

Barnett & Morran, 2002; Ogan-Bekiroglu, 2007; and Mulholland and Ginns, 2008 to name 

but a few. Studies of Ogan-Bekiroglu (2007) and Mulholland and Ginns (2008) have already 

been discussed 

Barnett & Morran (2002) conducted research with 17 grade 5 learnersô in a rural elementary 

school. The aim of the research was to look at whether strategies introduced in instruction 

would help the learnersô improve their understanding of astronomical phenomena. The 

learnersô were given a total of 6 projects. In the study of Barnett & Morran (2002), only two 

projects are reported on, that being the projects that involve the phases of the moon, and the 

lunar eclipse. The topic was as follows in the respective 2 projects: ómotion of the moon and 

phases of the moonô and óeclipses and phases of the moonô (Barnett & Morran, 2002, p. 862). 
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I will only focus on results obtained from the topic ómotion of the moon and the phases of the 

moonô as it is more relevant for the present study.  

The project was designed in such a way that there were activities that the learnersô had to do 

to successfully answer the questions posed by the project. The project given to the learnersô 

involved the following activities: 

¶ Gathering  information regarding the orbital motion of the earth and moon 

¶ Making observations, and recording the observations of the position and the phase of 

the moon each night. 

¶ Discussing their data on observations to their peers 

¶ Exploring their observations using a 3 dimensional interactive computer model of the 

earth, sun and the moon system 

¶ A presentation at the end of the project by the learnersô, to explain what they had 

learnt. 

Pre and post interviews were conducted to establish the learnersô understanding of the 

concepts involving the moon so as to establish whether instruction benefitted learnersô 

understanding of concepts. In the interviews conducted, learners were given a piece of paper 

and pencil so as to draw what they were explaining. Learners were also given spheres (in the 

context of Bannett & Morranôs project, the spheres given were required to be used to show 

the relative positions of the sun, earth and the moon) to manipulate as they were providing 

explanations to the questions posed. 

Results reveal that before instruction, learnersô could name the different shapes of the moon 

within a cycle, but struggled to explain what the cause of these shapes was.  

Barnett & Morran (2002) probed further in the interview to establish the source of difficulty 

that learnersô were experiencing in explaining the cause of the moon phases, and established 

that the difficulty was based on learnersô not being able to visualise the relative position of 

the sun, earth and the moon, depending on the shape the moon had. After instruction, it was 

discovered that 9 out of 17 learnersô improved their understanding on the cause of moon 

phases. 

The studies of models in moon phases therefore have educational purposes; that being able to 

show competence in understanding the cause of moon phases by looking at the relationship of 
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the earth, moon and the sun. The concept of the positioning of the sun, earth and the moon 

being responsible for the different shapes of the moon can be used as an assessment in 

determining whether learnersô understand the cause of moon phases.  

In the present study, to test whether textbooks are able to facilitate conceptual understanding 

as to why moon phases occur, learnersô were given physical models to replicate moon phases 

as depicted in diagrams in the textbook. The models employed represented the sun, earth and 

moon.  

If learners are able to model moon phases accurately from a textbook diagrammatic 

representation, this suggests that the 2-dimensional depictions are adequate for learners to 

develop a mental model in order to acquire in-depth conceptual understanding of moon 

phases. However, if learners are unable to model moon phases from textbook diagrammatic 

representation successfully, this may suggest that 2-dimensional depictions are inadequate for 

learners to develop the necessary mental models in order to acquire an in-depth conceptual 

understanding of moon phases. 

2.4  Textbook Analysis  

 

Swanepoel (2010: 8) states that, ñTextbook analysis is the evaluation of data about textbook 

characteristics according to explicitly stated criteriaò. Researchers determine which 

characteristics of textbooks contribute to learning. The characteristics that were looked at in 

addressing the first research question (What is the quality of diagrams and explanations of 

moon phases offered by grade 6 ï 8 Natural Science textbooks) are the content, instructional 

design, technical design and social considerations.   The presence of these characteristics thus 

form part of criteria against which a textbook can be analysed.  

Swanepoel (2010) stresses thus the importance of analysing textbooks, as she mentions that 

ñthe analysis of a textbook is often the only viable method of assessing a textbookôs quality in 

isolationò (Swanepoel, 2010, p. 8). 

 

In the present study, an evaluation instrument was used. An evaluation instrument for a 

textbook is a tool used to analyse the quality of a textbook using a set of desirable criteria as a 

checklist. The evaluation instrument was used to analyse the quality of diagrams and the 

explanation of moon phases in textbooks (Refer to Appendix A). 
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Textbooks are an important source material for both teachers and learners. Research 

conducted by TIMSS (Trends in International Mathematics and Science Study) demonstrated 

that teachers spend fifty percent of their time giving instruction with a textbook. This study 

(TIMSS) shows that textbooks are an important part of classroom practice. From my 

experience as a teacher, the textbook is an important tool for both teachers and learners, since 

learners use their textbooks to study for their exams and tests. The textbooks commonly used 

mostly contain text, diagrams, graphics and various exercises which test for understanding.  

Having adequate sources of information may help the learnersô understanding of concepts. If 

the textbook contains information which is not scientifically accurate, then learnersô may 

struggle to understand content as well as concepts contained therein. To illustrate the 

importance of the influence of a textbook in students learning can be seen in a study 

conducted by Leite. 

Leite (1999) took eleven grade nine Portuguese science textbooks, and analysed the content 

pertaining to heat and temperature. In her analysis, she focused on three characteristics (1999: 

78): 

a. Level of conceptualisation and correctness of concepts and arguments; 

b. Global teaching approach (sequence of contents, problem solving orientation and 

requirement of student activity); 

c. Learning activities (nature, diversity and level of investigation). 

Leite discovered that there were commonalities across the different books in terms of the 

definition of temperature; however, there were few commonalities in the explanation for heat.  

Leite also discovered that the content pertaining to heat in the textbooks was incorrect, and 

found contradictions on the content of heat. She hypothesised that the reason behind the 

incorrect content and contradictions was due to the fact that the authors of the textbooks may 

have had difficulties in dealing with the content of heat.  

This may also explain why learnersô may have difficulty in learning the concept of heat, since 

the textbooks they use may have alternate conceptions or information that is incorrect. Thus, 

Leite found in her study that the content lacked accuracy. 

In another study: Cho, Kahle & Nordland (2006) analysed three biology textbooks that were 

commonly used at high school level. Cho et al., (2006) analysed text relating to genetics, and 
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looked at whether the text contained in the three respective textbooks contained any 

misconceptions relating to genetics. The analysis of these three textbooks revealed the 

following facts: 

¶ Definitions of basic terms varied from the different textbooks. 

¶ Some concepts discussed in the textbooks (where concepts were related to one 

another) were not interrelated to one another. 

¶ All three textbooks used terms interchangeably (the terms being allele and gene). 

¶ Mathematical aspects within the textbooks foster rote learning, rather than explaining 

the mathematical applications. 

Cho et al., (2006) used the findings on the analysis of the three textbooks to compare them 

with 4 characteristics that literature makes mention of a contributing factor towards learners 

developing misconceptions and difficulty in learning genetics. The characteristics that Cho et 

al., (2006) looked at were: sequence of topics taught, relationship between meiosis and 

genetics, use of terms, and mathematical elements in genetics (Cho et al., 2006, p. 717). 

Looking at the list of errors found as highlighted by the bullet points above, and the 

comparison of characteristics that contribute to misconceptions and difficulty in learning 

genetics, Cho et al., (2006) came to the conclusion that  all three textbooks analysed 

ñprovided bases for misconceptions and difficulties in learning geneticsò (Cho et al., 2006, p. 

717). Cho et al (2006) makes mention that the fact that the textbooks contain textual errors, 

may contribute to learners having difficulties in learning this topic. 

Since learners may rely on textbooks for the learning process, it is crucial that the textbook 

they are using contain accurate scientific content, as this directly influences the learnersô 

acquisition of vital scientific concept formation.  

2.5  Theoretical  Framework  

 

Crotty (1998), cited in Bodner & Orgill (2007), defines the theoretical framework as ñthe 

philosophical stance informing the methodologyò (Bodner & Orgill, 2007: vii). Bodner and 

Orgill maintain that it is essential for a researcher to state his theoretical framework in 

advance, since the framework influences the design of the study, the instruments used for the 

data collection, and the analysis of the data collected for the study.  
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For the present study, constructivism will be employed as a theoretical framework for the 

first phase of the research that being the analysis of grades 6 ï 8 Natural Science textbooks. 

The subsection personal constructivism justifies the use of this particular theoretical 

framework. 

2.5.1 Constructivism  

 

Constructivism is defined as ñthe process of learning, as the gradual re-crafting of existing 

knowledge that, despite many intermediate difficulties, is eventually successfulò (Smith, 

DiSessa & Roschelle, 1993, p. 123). This suggests that the previous knowledge of the learner 

is important: this previous knowledge is developed, as more complex structures of knowledge 

are constructed from simpler ones. Hence, constructivism provides a philosophical and 

theoretical framework for understanding the processes learnersô encounter in learning, and 

how this learning process can be facilitated.  

The role of the teacher in this process is also important, since it is the teacher who unearths 

learnersô pre-existing ideas to identify flaws in these preconceived ideas. With this process, 

the teacher can then construct a lesson that will address these issues. In some instances, a part 

of the lesson may involve the use of source materials, such as textbooks.  

Learners have to understand the content covered in these textbooks, in order to understand 

the concepts explained. Textbooks themselves can take a role in constructivism, by the way 

the text and graphical representation is represented within the textbook. 

According to Duban (2008), textbooks can be designed in such a way that they do indeed 

promote constructivism; however, the textbooks need to have certain characteristics which 

promote constructivism.  

Duban describes the characteristics as follows (2008: 394): 

¶ Books should pay attention to studentsô prior knowledge and help to change the prior 

knowledge. Therefore, books should contain conceptual change texts. In these texts, 

through questions, studentsô prior knowledge should be activated. 

¶ To provide studentsô conceptual change, texts with analogies should be used because 

analogy-based thinking consists of the definition and transfer of constructive 

information from the known system to the new and relative system. 
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¶ To eliminate misconceptions originating from daily spoken language, the differences 

between concepts and relations should be defined well to students and these 

differences and relations should be mentioned often within texts (In this context, the 

concepts are the correct scientific knowledge conveyed by the text, and the relations 

has to do with how the content found in text relates to the real world). 

¶ In the course books, visual components should be used often. In a good science course 

book, not only writing and formulae, but also many visual components such as 

pictures, figures, and graphics should be used. 

¶ Learning develops through individualsô interaction with others, since individuals 

share their perspectives, exchange information and solve problems on the basis of 

collaboration. Therefore, in the science course books; there should be activities that 

will encourage students to work in collaboration by doing group work with their 

peers. 

From my observation as a pre-service teacher, going into schools to observe and conduct 

lessons, I had noticed that schools that are said to be well resourced, not only conduct lessons 

using electronic media, but provide textbooks to learnersô to help learnersô understand 

concepts a bit better. It is therefore left up to the learner to go do further reading in the 

textbooks on concepts covered in class. The reason for saying this is that in most lessons that 

I had observed, teachers give learnersô page numbers of textbooks to go read at home to get a 

better understanding. Therefore, textbook analysis, which is addressed by the first research 

question, can use constructivism as a theoretical framework to determine whether or not 

textbooks aid conceptual change in learnersô through the text and diagrams used.  

With regard to the textbook and the learner, although teachers use the textbook as a 

conceptual tool in pedagogical processes, Bodner and Orgill (2007) note that it is learnersô 

who construct their knowledge. It is in this regard that personal constructivism informs the 

study. 

2.5.2 Personal Constructivism 

 

This form of constructivism, also known as Piagetian constructivism, is based on the idea that 

the construction of knowledge is done by the individual learner to meet his/her own needs 

(Bodner & Klobuchar, 2001). This is only possible, according to Piaget (2003), through a 

process of assimilation and accommodation. According to Piaget, assimilation is ñthe 
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integration of any sort of reality into a structureò (2003: S17). In other words, this is the 

process of taking in new knowledge, into our existing structure of knowledge.  

Accommodation involves changing our ideas within a structure in light of new information 

being conveyed. This may especially apply if a learner has a misconception which leads to 

errors. Nesher (1987: 33) states that ñif we are lucky enough to detect an error we are then in 

a position to improve our set of beliefs.ò This statement summarises accommodation. 

Piaget thus sees learning as a situation provoked by external structures, where learning is 

only ñpossible when there is active assimilation.ò This assimilation is done by the learner 

after he is able acknowledge the shortcomings of his previous mental conceptions (2003: 

S17). 

The focus of the present study is on the content of textbooks. This includes the congruence 

between texts, diagrams and pictures, and whether or not these elements enhance explanation. 

The accuracy of scientific content in textbooks is also an objective. The second focus of this 

study is to investigate whether learners are able to translate the knowledge obtained from 

textbooks to 3-dimensional replications of moon phases using physical models.  

The use of constructivism as a lens facilitates these investigations and can generate possible 

explanations through looking at constructivism characteristics as mentioned by Duban 

(2008), for the outcomes of this study.  Furthermore, constructivism facilitates the scientific 

inquiry this research study endeavours to achieve whilst also accommodating for the human 

element, which often cannot be quantified through traditional scientific inquiry methods.  

 

The analysis of science textbooks is particularly important in identifying gaps that may exist 

in the content found inside the textbooks. If textbooks contain misconceptions, this may 

cause both teachers and learners to acquire the same misconceptions disseminated by the 

textbook. Therefore, the knowledge that will be built on will contain flawed scientific 

concepts. 

 

The coherence (how content is presented in a textbook) of the textbook is important in terms 

of structure. According to literature, four characteristics constitute coherence in science 

textbooks. These are: 

a) Present a set of age appropriate scientific ideas and connections among them. 
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b) Clarify the ideas and connections with effective representations. 

c) Illustrate the application of the ideas to objects, events and processes in the real world. 

d) Avoid the use of unnecessary technical terms or details that are likely to distract the 

students from the main story.  

 (Roseman, Stern & Koppal, 2010, p. 50) 

In the present study, characteristics a) and b) relate to the structural investigation of 

textbooks.  Point c) relates to the accuracy of text in terms of misconceptions. Point d) deals 

predominantly with the language and terminology.  

 

While learners construct knowledge through multiple media, they are more likely to refer to 

their textbooks as study sources since textbooks form a major source of learnersô instruction 

outside of the classroom.  Learnersô rely on textbooks for homework exercises, for studying, 

assessment and further conceptual development.  

 

Learners construct scientific knowledge not only from written texts, but also from visual 

representations in textbooks. Myers (2003) asserts that it is important for teachers and 

learners to be able to analyse and construct knowledge delivered in verbal, visual and textual 

form. Schnotz (2002) notes the importance of the coherence of verbal and graphical 

information in textbooks, and how this can facilitate meaningful association with pre-existing 

knowledge and allow for the construction of more scientifically accurate knowledge.  

 

Phase two of the study, deals with learners working with physical models of the moon, sun 

and the earth. Learners are required to move the models in such a way, that they represent the 

diagram of the moon phases given to them. The use of models thus forms part of an 

assessment, in terms of determining whether learnersô do understand the cause of moon 

phases.  

 

The theoretical framework thus employed for the second phase, is that of mental modelling. 

There are various definitions that exist for mental models. The definition though, that will be 

used in this study, is that defined by Chi & Roscoe (2002). Their definition is that of a mental 

model being a representation of knowledge as a set of interrelated propositions that are 

embedded in a structure (Chi & Roscoe, 2002, p. 6).  
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The framework encompassing mental models was summarised by the diagram below: 

 

 

 

 

 

 

 

According to Chi & Roscoe, learners may possess two types of mental models, namely 

incoherent and coherent mental models.  An incoherent or fragmented mental model is seen 

as ñone in which propositions are not interconnected in some systematic wayò (Chi & 

Roscoe, 2002, p.6). If learners are said to have such a mental model, it means that learnersô 

cannot offer consistent and predictable explanations about phenomena, and thus learnersô 

lacking a complete understanding of concepts.  

A coherent mental model is when a learner offers propositions that are related with one 

another in an organised manner. It is said that learnersô possess a coherent mental model 

when they are able to ñgenerate explanations, make predictions, and answer questions in a 

consistent and systematic fashionò (Chi & Roscoe, 2002, p. 7).  

Within the coherent mental structure, there are further two categories. The one that needs 

elaboration is the flawed coherent mental model. A óflawedô mental model is one where a 

learner is said to have explanations and predictions that are consistent, but are flawed as the 

explanations offered may contain a principal which is not entirely correct.  

Chi & Roscoe make mention that ña flawed mental model may share a number of 

propositions with a correct mental model, but they are interconnected according to an 

incorrect organising principleò (Chi & Roscoe, 2002, p.7). An example could be that 

learnersô may arrange models of the sun, earth and moon in the correct positions to represent 

a full moon, but the explanation offered for the orientation of these models may be incorrect.  

In terms of completeness, it is said that learnersô have a complete mental model when the 

majority of their conceptions are correct, whereas an incomplete mental model is one in 

which the majority of the learnersô conceptions are incorrect. 
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These mental models help to classify the extent of learnersô explanations about moon phases, 

where this classification would enable one to determine as per this study, whether learnersô 

understand moon phases or not after the use of a textbook. As mentioned above, the physical 

models thus can be used as an aid to determine whether learnersô truly understand what 

causes the moon phases. This particular theoretical framework will enable us to determine 

this notion.  

 

2.6 Emerging Issues and Conclusion  

 

It is evident that both learners and teachers have alternate conceptions about the cause of 

moon phases; that being of the moon phases being caused by the earthôs shadow being cast 

on the moon. Certainly researchers that were explored in the literature also came to the same 

conclusion while conducting investigations and generalising their findings: (Baxter, 1989; 

Schoon, 1995; & Stahly et al., 1999) to name but a few.  

 

These misconceptions however, can be changed, and intervention studies mentioned, showed 

that there are various activities one could do to enable learnersô to understand concepts 

around moon phases better. One method, where this method stood out in literature, was the 

introduction of physical models in instruction. 

 

The importance of using models in scientific teaching has been explored in literature. The 

literature explored shows that the use of models encouraged participants to have a more 

scientific view about what caused the moon phases.  Since the textbook used 2-dimensional 

diagrams to represent the phases of the moon, it was explored in the present study whether or 

not the textbook was a good conceptual tool to use alone when teaching moon phases in the 

classroom environment. 

Instruction plays a pivotal role in learnersô lives in terms of understanding difficult topics 

under astronomy education. For learners to understand these difficult topics, pedagogy relies 

on specific instructional methods to help learnersô in some way or other to change their views 

to be in accordance with scientific theory. Therefore, since most pedagogy uses a textbook as 

a tool to enhance learning, analysing the textbook is of much importance, as it may provide 

greater insight into why learners think the way they do. 
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The theoretical framework of the present study has also been introduced. There are two 

theoretical frameworks used, as the two research questions posed, could not use one general 

theoretical framework. The framework which addressed the first research question was 

constructivism. The second research question was addressed by a theoretical framework 

called mental models. Chapter three explores the methodology employed for the study. 
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Chapter 3 

Research Design and Methodology  

 

3.1. Introduction  

 

In chapter 2, I reviewed the literature pertaining to astronomy education, and concentrated on 

the topic moon phases. I also reviewed literature pertaining to textbook analysis using a 

constructivist approach. In this chapter, I will in detail elaborate on how the research was 

carried out by looking at the methodology employed, the research design, the rationale that 

informed the choice of method used and instruments used for the collection of data. I will 

further discuss issues pertaining to validity and reliability, as well as ethical considerations. 

3.2 Methodology  

 

A methodology is defined as ñthe plan of action which informs and links the methods used to 

collect and analyse data to answer the original research questionò (Bassey, 1999, pg. 58). In 

this subsection, I will explain in detail, the choice of methodology, the meaning of the 

methodology used, and why such a methodology is useful for my research. 

 The research is that of a qualitative nature, and the methodological approach used to guide 

the study is that of a case study nature. A case study is not easily definable as there are many 

research method texts available with different meanings attached to what a case study is; 

examples of theorists who attempt to define what a case study is include (Adelman , Kemmis 

& Jenkins 1980; Yin 1984 & Fry, Ketteridge & Marshall, 1999)to name but a few. With the 

varying descriptions of what constitutes a case study, there is little agreement in a universal 

description of what a case study is (Lincoln & Guba, 1985). For the purpose of my research, 

the direction taken as to what a case study is, is from Opie (2004), where he describes a case 

study  as ñan in-depth study of interactions of a single instance in an enclosed systemò (Opie, 

2004, p. 74).  

To elaborate on the definition provided by Opie about what a case study is, I will explain the 

terms ósingle instanceô and óenclosed systemô. By single instance, it is meant that a case study 
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looks at one particular phenomenon, where the phenomenon is studied in great detail. 

Studying a phenomenon in great detail helps to provide more thorough explanations about the 

outcomes of the investigation related to the particular phenomenon. An enclosed system 

refers to the setting or environment that data is collected. This means that data is collected in 

a unique location for all participants. 

The study concentrates on a group of 15 learners from one class, and an in-depth analysis is 

done about their understanding of the moon phases after using an education tool which is a 

textbook. The case in this context is the students and the textbook used for their advancement 

in learning about the topic. This approach helps in understanding why the learners answered 

the way they did during interviews, which then may assist in what needs to be unpacked for 

future research. 

There has been much criticism about the use of a case study for research purposes. One of the 

most common criticisms is that a case study cannot be generalised to a larger population 

(Denscombe 2007, Bassey 1999). This conception also questions the validity of the research 

itself. Denscombe (2007) however argues that even though there is much criticism in relation 

to the generalisation of results, a case study has an important role to play. Denscombe makes 

mention that a case study may play an important role in research that may have an aspect 

having the same characteristics, such as the current study; that is looking at how learners 

interpret 2-dimensional textbook diagrams of moon phases to a 3- dimensional model.  

In relation to the issue around generalisation, a case study may not generalise over a large 

population, but may give us an idea of what might be the thinking behind a problem in other 

populations; in the context of my research, it might, to elaborate more on the example, give 

us an idea on what other students in other schools may think about the cause of moon phases, 

and what the cause of these learnersô thinking may be. I therefore chose the case study 

approach for my research as it was a suitable methodology to help me explore in greater 

detail on what the contributing factor might be in the thinking of learners about the cause of 

the moon phases. The case study approach was a suitable methodology to help answer my 

two research questions, and see the relation that exists between the research questions. 
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3.3 Research Design 

3.3.1 Piloting  

 

Piloting is a process of pre-testing an instrument to be used in research with a sample of a 

group of people who willingly volunteer to be part of a pilot (Van Teijlingen& Hundley, 

2001). There are according to Opie 2004 numerous advantages in conducting pilot studies. 

The main point that summarises all the advantages of doing a pilot study is that it helps to 

identify a problem an instrument might have, so it can be corrected.  

A draft instrument for textbook analysis was developed and piloted so as to identify the 

weakness the draft instrument would have. This in turn could help so improve the instrument 

to collect better meaningful data. The draft instrument contained columns which had a rating 

scale. The column contained information a person had to look out for, so as to rate the 

content being analysed. Table 3.3.1a is presented to illustrate what the draft instrument 

initially looked like 

Table 3.3.1a: Table showing initial research instrument 

Science Content Rating Scale 

 3 2 1 0 

Facts are accurate     

Facts are up to date     

Units and symbols are correct     

Science content emphasises science enquiry     

Content is appropriate for grade level     

 

The instrument presented in table 3.3.1a mixed incorporated statements worth looking out for 

when analysing content of the textbooks from Swanepoelôs textbook analysis instrument, and 

the National Science Resources Centre assessment criteria for textbooks. From Swanepoelôs 

textbook analysis instrument, only the science content section was adapted in the instrument, 

and from the National Science Resources Centre textbook criterion, only the section entitled 

ñcriteria for judging science contentò was adapted into the instrument. 
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After testing the instrument on two textbooks, the results obtained were of a poor nature. The 

reason why they were of poor nature was that only a score was given for the criterions used. 

This information was worthless, as one could not figure out from just the score what was 

inaccurate in terms of the science content from the textbook. Therefore from the textbook 

being analysed by this instrument, no generalisation could be made to help answer the first 

research question. It was then decided that an instrument with just a rating scale would not 

provide the necessary information, and thus this instrument was discarded. 

Another draft instrument was therefore developed, after looking at a variety of other 

instruments used for textbook analysis. The instrument for evaluating resource materials 

developed by the British Columbia Ministry of Education proved to be a worthwhile 

instrument to adapt to answer the first research question because the instrument had 

distinctive categories, which would help find rich information for vigorous interpretation of a 

textbook.  

The second draft instrument did not contain numerical rating scale like the first draft 

instrument. Table 3.3.1b illustrates an example of the draft instrument (Full second draft 

instrument attached in appendix A) 

Table 3.3.1b: Table showing instrument change after pilot study 

Evaluation Form 
For each of the following statements, tick the relevant box that best reflects your 
judgment of the resource. Use the space following each item for comments, including 
relevant page numbers. 
SA ς Strongly Agree SD ς Strongly Disagree NA ς Not Applicable 
 
 

Content SA SD NA Comment 

The science content is 
accurate 

    

The science content is 
current 

    

The level of difficulty is 
appropriate for the 
intended grade  

    

 

After piloting this instrument to the same two textbooks as the first draft instrument, it was 

discovered that an additional 2 categories had to be added in the case where in analysis; a 
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statement was neither SA (strongly agree) nor SD (strongly disagree). The additional 

categories added were then A (agree) and D (Disagree). 

In terms of the piloting of the interview schedule, two learners in Grade 8, within the same 

school as the research sample grade, but in a different class, were asked to volunteer for an 

interview. Using a different class, allowed the possibility of the learners relaying what was 

asked in the interview was limited. Within the interview, clearer moon pictures from the 

internet were used for the visual aspect, and learners were asked to model out the different 

phases of the moon as per picture i.e. a crescent moon picture taken from the internet was 

given to the learner, and the learner was asked to use the models to model out the position of 

the sun, earth and the moon in order to get the crescent moon as illustrated by the internet 

picture.  There were frowns when the pictures were shown to the learners, as these pictures 

were not the same as their textbook diagrams. The change that occurred was that the learnersô 

textbook pages containing moon diagrams were photocopied, to eliminate any doubt of 

learners not having seen diagrams. There was however no change to the questions asked, as 

the process went smoothly. 

3.3.2 Instruments:  

 

The research was executed in two phases. Phase one addressed the first research question, 

while phase two addressed the second research question. 

Phase 1: Analysis of Textbook 

Materials: Science Textbooks 

Six science text books were examined to investigate the quality of diagrams and explanations 

of moon phases. Textbooks were selected on the basis of whether moon phases content was 

covered in the section of óPlanet Earth and Beyondô. Of the six textbooks; two were grade 6 

textbooks, two were grade 7 textbooks and two were grade 8 textbooks.  

The criterion for the choosing of the textbooks was that they had to be approved by the 

Department of Education, as these were the textbooks that teachers would receive at their 

respective schools.  
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The second criterion was that the textbook had to be in line with RNCS (Revised National 

Curriculum Statement), as the content specified as per RNCS for all the grades chosen (Grade 

6 -8) contain content of moon phases. 

3.3.3 Description of the instrument:  

 

The instrument employed for this study (see Appendix A) is adapted from the British 

Columbia Ministry of Education (2002, 2008). The instrument was developed by the 

education ministry for educators to use as a guide in evaluating, selecting and managing of 

learning resources.  

The instrument focuses on four aspects in the evaluation of learning resources, namely; 

content covered in the textbook, instructional design, technical design and social 

considerations. The four aspects are each explained, and presented below is just a summary to 

better understand the four aspects (The summary is based on the explanation provided by the 

British Columbia Ministry of Education 2008): 

ü Content: Evaluator examines the content of the resource to determine its accuracy 

and relevancy. 

ü Instructional Design: The evaluator determines the resources effectiveness of its 

organization, teaching strategies, and assessment provisions in supporting the goals 

and objectives of the specific curriculum. 

ü Technical Design: Looks at technical aspects of the resource to determine if it 

enhances learner accessibility and understanding. 

ü Social Consideration: Evaluators examine if there are any controversial or offensive 

elements within the content.  

 Each of these foci has a set of criteria to check against (the criteria are presented in the next 

chapter), and some of these foci will be used for the analysis of the textbooks. 

The instrument is organised in table format as a rating scale (strongly agree [SA], agree [A], 

strongly disagree [SD] and disagree [D]). Where the ratings do not fall in either criteria for a 

specific characteristic that is examined, a qualitative comment was used to provide an 

explanation regarding what the problem with the textbook may be have been. Comments are 

also supplied as supporting arguments on to why a criterion falls into the SA, A, SD and D 

columns. 
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Phase 2: How a textbook affects learning 

Interview 

The purpose of an interview is to explore why participants answered the way they did in 

specific questions Opie (2004). The reason behind using an interview for the purpose of my 

research was to determine whether learners were able to explain why they represent textbook 

illustrations the way they do using models given to them. 

There are different types of interviews that exist, I will briefly mention the different 

interviews, and highlight which type of interview was used for my research.  

According to Opie (2004), there are three types of interviews that exist, namely: structured, 

semi-structured and unstructured interviews 

Opie (2004) compares a structured interview to a questionnaire, where the interview is tested 

on a large quantity size, where results can be generalised over a population. The question 

style is of the nature where respondents can give short immediate answers. In my research, 

only 15 learners were interviewed, and thus is an inappropriate style to use for my research. 

Furthermore, the type of study I conducted, sometimes allows for a probe, so that learners can 

better explain themselves in detail what they mean for a particular response. The type of 

questions used does not allow for a simple immediate answer, as learners have to explain 

themselves in greater detail. 

A semi-structured interview, which is the style I chose for my research method, is more 

flexible then a structured interview, and thus allows for more depth from a respondent Opie 

(2004). It is mentioned by Opie (2004) that it is a style commonly used by Masters studentsô 

given the time frame in which the research is to be done. 

An unstructured interview is one where there is no direction from the onset, and direction is 

determined by the respondentsô ideas while being interviewed Opie (2004). The research I 

conducted had specified questions on content, and had specific aims from the onset, thus this 

type of style was also not appropriate. 

For the semi-structured interviews, models were used so that learners could show the 

researcher the position of the sun, earth and moon for a particular type of a moon phase. The 

models consisted of objects which represent the sun (a yellow globe), earth (model of the 

earth supplied by social science department of the school) and the moon (a white hockey 
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ball), and learners were asked to manipulate these models to represent what they saw 

occurring in the illustrations. 

Selection of the school 

The school selected is an all-girls school in Johannesburg. The reason for the selection of the 

school was that I am currently an educator within the school, thus making it convenient to 

easily access the learners required to participate in the research with ease, and negotiate with 

the learners with appropriate times convenient to them, in doing the interview. It made the 

process of receiving consent from parents smoother, as the parents know who the researcher 

was, making it easier for the parents to trust the researcher. The grade 8 class had a total of 32 

learners, where learners received their education in a Laboratory classroom. This enabled 

learners to have hands on type of lessons. The task thus given to learners in organising the 

models proved to be less difficult, as the learners were used to working with equipment on 

their own, when hands on experiments or tasks were given. 

Selection of the Sample 

For the purpose of the interview, 15 grade eight learners from the same class were pre- 

selected by their Natural Science teacher according to three performance categories. The 

teacher in question is not the researcher himself, but another teacher within the same Natural 

Science department was asked to choose the appropriate learners in her class. The categories 

include; above average performers, average performers and below average performers. The 

learners were selected on the basis of their performance in natural science assessment 

activities in their class. Five learners were selected from each category, and each gave 

informed consent from their parents, and themselves to participate in the study. 

Data collection 

A semi-structured interview schedule was used to obtain responses from interviewees. The 

responses obtained was transcribed, and later analysed and explained in Chapter 5. The 

interview schedule used by Trundle et al. (2002) was adapted, and learners were shown 

images from a textbook (the same textbook that they use in class). Learners were asked to 

model what they saw using 3-dimensional replicas of the sun, moon and earth. 

While learners were modelling out what they saw, and explaining why they arranged the 

models as they did, the learners were videotaped so as to analyse in great detail their 
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responses for interpretive purposes. Again, learners were aware that they were to be 

videotaped, as informed consent was given by the parents and the learners to be video-taped 

for the interview. 

Copies of the instrument used to analyse the textbook (Appendix A) and informed consent 

forms (Appendix G) can be viewed in the appendices. 

3.4. Validity and Reliability  

 

Validity is referred to as the degree to which the method, a test or research tools measures 

what it is supposed to measure (Wellington, 2000, p. 201).  

To ensure the validity of the data to be collected, my textbook instrument was face-validated 

by science education experts who looked at whether the instrument would offer relevant data 

that would answer my research questions.  

In terms of the interview schedule, the instruments was piloted to two learners in another 

class not involved in the research, to see if the questions were not too difficult to answer by 

the learners, or to see if there is no ambiguity.  

Reliability of an instrument or data gathering procedure is defined by Scaife (2004) as ñthe 

extent to which a data gathering process produces similar results in similar conditionsò 

(Scaife, 2004, p. 68). To increase the reliability of my textbook instrument, I analysed three 

textbooks using the instrument and recorded my results. I then sent the same textbooks 

together with the instrument to three other people (3 Natural Science educators not in the 

school), who analysed the textbooks with the same instrument. When I compared my results 

with the 3 Natural science educators, there was 100% correlation between the following 

categories; instructional design, technical design and social considerations. The category 

ócontentô proved to have 95% correlation. The reason for the correlation was that the 3 

natural science educators felt that it was still correct to say that a new moon is spotted by 

means of seeing the first signs of a crescent moon. The researcher made mention that they 

had a valid point, as in everyday life, this is what is taught. The researcher made mention 

however, that when referring to the shapes of the moon; one cannot say that a crescent moon 

is a new moon, and that it was then up to instruction to make it clear to the learners that there 

are different views in everyday life on how to spot a new moon in the sky, and what science 
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says about the shape of the new moon. After this discussion, there was 100% correlation in 

the category ócontentô. 

In terms of the interview schedule, the same questions were asked for all the participants 

involved with the interview.  

3.5. Ethical Considerations  

 

ñEthics has to do with the application of moral principles to prevent harming or wronging 

others, to promote the good, to be respectful and to be fairò (Sieber, 1993, p. 14). 

Since my study employs learnersô as participants, ethical principles protecting participants are 

imperative to consider throughout the study.  

These principles not only protect participants, but also influence the design, implementation 

of the study as well as the analysis and reporting of the data. Firstly, the autonomy of 

participants must be protected and respected (Frankel & Siang, 1999).Practically in research 

this is achieved by providing participants with informed consent (Frankel & Siang, 1999). 

The second principle of beneficence entails maximizing possible benefits for the participants, 

and minimizing the possible harm from participation in the research (Frankel & Siang, 1999). 

 

Thus the application of these principles can be seen as essential and applicable to my study. 

Below is a short discussion of how I proposed to implement these principles throughout my 

study so that ethical standards and principles were adhered to.  

 

The first phase of the research involved analysing natural science textbooks used in schools, 

from grade 6-8. Specifically, the quality of diagrams and text offered on moon phases by the 

textbooks were evaluated and the correlation between diagrams and text were compared. 

The textbook analysis process is comparable to assessing the quality of content in textbooks. 

Therefore, it was important that the findings from my study were delivered sensitively, 

considering the principles of beneficence as well as maintaining the anonymity of textbook 

titles and publishers.     

The second phase of the research involved learners and the educator teaching the learners. 

Since all participants were treated and respected as autonomous agents, informed consent to 

all involved parties was provided. This included the school, the principal, the teacher as well 
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as all learners. Furthermore, since learners cannot legally authorise consent, parents were also 

given informed consent. Participants were not to be allowed to participate without all parties 

consent.  

Participants 

Participants were informed of the nature of this study, as well as their voluntary participation 

and consent in the study. Participants were made aware of their rights to withdraw their 

participation or contribution at any point in the study with no penalty or consequence. 

Participants were made aware that their participation or non-participation in this study would 

have no influence on their school records or their grades. 

The selected group of participantsô that would be videotaped were made aware of this and 

were informed of their rights to refuse or to participate. Furthermore all video footage for 

analysis was kept confidential and would only be viewed by the researcher and the 

supervisor. Video footage will be stored securely to prevent any breach of confidentiality.  

Participantsô anonymity will be protected and personal information will remain confidential. 

Data collected from participants was coded and only the researcher and supervisor will have 

access to personal data. Information will be securely stored to prevent any breach of 

confidentiality.  

Participants were provided with contact details of the researcher, supervisor and academic 

institution if any questions arose.  

Informed Consent from Guardians and Principal of school 

Informed consent was obtained from the participantsô parents or legal guardians before 

participants were permitted to participate in the study. Letters informing parents or guardians 

of the nature of the study as well as participants rights were made clear. Parents and 

guardians were made aware of ethical procedures in the study.  

Informed consent was obtained from the principal of the participating secondary school 

before the study commenced. Informed consent was obtained from the teacher responsible for 

participants in the school before participants were permitted to participate in the study.   
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3.6. Ethical Approval  

 

Ethical approval was obtained from the University of Witwatersrandôs Human Ethics 

Research Committee (non-medical) [Wits School of Education] (clearance number: 

2011ECE130C) and the Gauteng Department of Education (clearance number: D2012/114). 

3.7. Summary 

 

The chapter provided information on the methodological processes involved with the study. 

Furthermore, details of the piloting involved for the textbook analysis and interview 

instruments were outlined.  

More information in this chapter was provided about the case study group, and the school 

involved in providing the researcher an opportunity of collect data. Issues surrounding 

validity and reliability, ethical consideration and ethical approval were also outlined. The data 

obtained from using the instruments is presented in chapter 4 and 5 respectively. 
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Chapter 4 

Analysis of Textbook Results  

4.1. Introduction  

 

In this chapter, I am going to concentrate on the first phase of the study: the analysis of the 

six Natural Science textbooks. The order of the chapter will thus be as follows: first, I will 

explain how the textbooks were analysed; I will then present the textbook analysis results, 

relating my findings back to theory. The instrument used to analyse the textbooks was used to 

answer question one of my research questions: What is the quality of diagrams and 

explanations of moon phases offered by grade six to grade eight Natural Science textbooks?  

The second phase of the study involved a case study group. The case study group consisted of 

15 learners in grade 8 of different abilities, where learners were categorised as above average, 

average and below average. Learners were chosen according to their academic performance 

by their teacher in their subject, in such a way that 5 learners were represented per category 

mentioned. The case study group was interviewed, where in the interview learners were given 

models of the sun, earth and the moon. The learners were required to answer questions by 

looking at a diagram given to them from the textbook they used in the learning of moon 

phases, and moving the models in such a way that the position of the sun, moon and the earth 

would represent the moon phase presented by the picture in the textbook. The 15 learners 

were narrowed down to 8 learners for a more in-depth analysis. The reasons for presenting 8 

learners were due to the following; 

¶ In each category, the learners within the category were answering questions similarly. 

¶ Only 4 learners then were taken from the above average group, and 4 learners from 

the below average group were chosen. 

¶ None of the learners in the average group was selected as learners in the average 

group answered questions very similarly to the below average learners, upon analysis. 

Since there were 5 learners per category, the 4 selected learners from the above average and 

below average category were chosen because of their unique way of answering questions, 

which made it interesting to report on their answers based on questions of moon phases, 

especially the question, ñWhat causes the moon phases?ò 
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I will present the results of the case study group in chapter 5 rather than in this chapter, as the 

results obtained are only relevant to the case study group. The analysis of the results here will 

therefore make best sense when read and analysed in conjunction with the interview results of 

the case study group in the following chapter. 

4.2. Data Analysis 

 

The instrument used for data analysis is an adaptation of a textbook evaluation instrument 

developed by the British Columbia Ministry of Education in the year 2002, in conjunction 

with the revised instrument in the year 2008; both instruments are attached to the appendices 

(Appendix B1 and Appendix B2). The reason for using the two instruments in conjunction 

with each other is because even though the latest instrument (2008) was revised, not much of 

the instrument has changed. In fact, the instrument used in 2002 is almost identical to the 

instrument of 2008. Not all characteristics mentioned in the original instruments have been 

included. Only characteristics relevant to my research, which will also help answer the first 

research question, have been included.  

The instrument is in the format of a Likert scale, where there are four rating categories, 

namely: strongly agree, agree, strongly disagree, and disagree. An extra column has been 

added to the instrument, namely not applicable. The not applicable category applies to when a 

textbook does not cover a characteristic mentioned in the instrument. 

The instrument in terms of the column headings fits in well to answer the sub-questions under 

the first research question. The first sub question under research question number one, asks: 

ñWhat misconceptions can be identified by the content presented by textbook?ò The 

characteristics under content and technical design found in the instrument help to address this 

question where text is analysed, and a comparison is made in reference to the text and 

diagrams presented by the textbook.  

The second sub-question asks: ñWhat structure is presented in relation to conceptual 

development?ò The characteristics under instructional design and social considerations will 

address the mentioned question by relating the characteristics to Dubanôs (2008) 

characteristics on what makes a textbook constructive as discussed in Chapter 2 under 

theoretical frameworks.  
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As a reminder of Dubanôs (2008) characteristics, I will mention briefly what the 

characteristics of a constructivist book should contain: 

¶ Book should consider learnersô previous knowledge; 

¶ Text with analogies should be used; 

¶ Book should try and eliminate misconceptions from everyday language; 

¶ There must be plenty of visual components present; 

¶ Interaction amongst learners should be encouraged (e.g. group work). 

The reason for using Dubanôs (2008) characteristics is that the focus is on what the textbook 

does in terms of the manner in which it is presented for the enhancement of learnersô 

conceptual development. 

Each characteristic presented by the instrument used for textbook analysis has a checklist so 

as to know what to look for within the specified characteristic. In the appendences (Appendix 

C), a table has been provided that summarises what one looks for within a characteristic as 

per instrument developed by the British Columbia Ministry of Education. 
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4.3. Textbook Analysis Results  

4.3.1 Grade 6 Textbook I 

Negative Aspects of the textbook 

Content 

The science content presented by the textbook is not accurate. Evidence of this can be seen in 

the text on page 94 
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Comment 1 

Underneath the diagrams of the different shapes of the moon, it is mentioned in the text that 

the figures are called the phases of the moon. The problem with such a statement is that not 

all the moon phases are represented in the correct sequence in which they are supposed to 

appear. The omission of this detail may suggest that there are just four phases of the moon.  

Comment 2 

At the bottom of page 94, the book also mentions that the dark part that we cannot see is in 

shadow; however, this is the part where the sun is not shining on the surface of the moon. 

Good explanations of moon phases use the terms illuminated and sunlit rather than óin 

shadowô. Including the statement that the moon is in shadow is therefore inaccurate, as it may 

bring out the most common misconceptions as mentioned in Baxter (1989), where it is said 

that the majority of people think that the phases of the moon are due to the earthôs shadow. 

Such a statement may re-enforce the misconception as being correct. 

Comment 3 

Further analysis of page 94 shows that the manner in which content is presented suggests that 

the moon undergoes a change in shape every seven days. This can be seen by the text in 

figures 2-5 (e.g. the moon may look like this in 7, 14 and 21 days). This is again an 

inaccurate representation, as during a 7 day period, the moon may have undergone two 

changes in shape within this time period. 

Overall, looking at page 94, where content about moon phases is represented, in the real 

world, the moon does not change 4 times as suggested by the content. There is also a 

sequence in which the moon undergoes a series of changes, and this information is omitted. 

Thus the information is flawed. 

On page 94, figure 2 states that ñon the first day of the month, the moon may look like this.ò 

There are two things that are problematic with such a statement in relation to the picture. The 

first thing is that the moon, at the beginning of each calendar month, will not always look like 

a crescent at all. In fact, the shape may take a form of a different shape either than the 

crescent as earth calendar days range between 30 and 31 days, except for February, which 

also depends on whether or not it is a leap year. 
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The second problem is that it is suggested that the start of a new cycle is indicated by a 

crescent. The book does not refer to the new moon, where this is a representation of the start 

of a new cycle.  

It is understood that new moon is said to be indicated by the first view of the crescent 

(general public perception), but in science, this is not an accurate representation. 

A third issue on page 94 is the textôs attempt to define the word ñphaseò in the section 

labelled comment 1. The text states: ñA phase is a period of time. For example, you are in the 

intermediate phase at school. Next year, you will change grades and you will go into the 

Senior Phase.ò This analogy is intended to make the understanding of the work clearer, but is 

not appropriate because no direct relation can be made of the moon phases, as the moon 

phase is a repetitive cycle, and happens over and over again, whereas, if you are in the senior 

phase of school, you canôt go back to the intermediate phase as you would have completed 

already that particular stage at school.  This phase change analogy also assumes that the child 

will undergo a changeover a period of about a year to make it to the next phase. The moon 

phases however, do not take a whole year for a change to happen, as the change happens in 

the space of a few days. The full cycle also takes place over a time which is just less than a 

month. So, there is no correlation in terms of the time period. 

Page 94is intended to teach learners about moon phases, yet nowhere on the page does it 

explain the cause of the moon phases. In fact, the cause of the moon phases only emerges on 

page 95 through an activity that learners are supposed to be actively involved in using 

models. 
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Comment 4 

Learners are given an activity to do on page 95, where it is hoped that the learners will 

understand the cause of the moon phases. There is no problem with such an activity, but no 

summary of ideas are there to reinforce the idea that the phases of the moon are due to the 

relative position of the sun, earth and the moon. Such an activity would be thus more 

effective in the classroom, where the teacher can bring attention to the learners that the cause 

of the moon phases are due to relative positions of the sun, earth and the moon. 

It is therefore fair to say that, from the analysis of the content presented, at no point in the 

textbook is it properly explained why the moon undergoes phase change; instead, this is left 

to the learner to discover, provided the given activity is completed. 

Comment 4 

Comment 9 
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The only instance in which the content is made relevant to the real world is in terms of one 

shape that can be observed from the moon phases: the full moon.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comment 5 and 6 

Focussing our attention to page 96, figure 3 makes an interesting statement in relation to the 

picture along the side. It states that Ramadan starts when the new moon is sighted. The 

picture shown, however, is not that of a new moon, but rather of a waxing crescent. It can be 

seen that this is a common mistake to see a new moon as a crescent, as the same thing is 

promoted on page 94. Evidence showing that the textbook writer believes that the new moon 

is a crescent can be spotted in this statement on page 96: ñThe month begins when an imam 

sees the new moon, a thin crescent near the setting sun.ò This statement supports what was 

observed earlier on page 94 about the new month beginning with a crescent. 

Comment 5 

Comment 6 

Comment 7 Refers to the whole page 
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It is important to also note that in common language, as can be seen with the message 

conveyed in religious beliefs as highlighted on page 95, that the crescent is associated with 

the new moon. But if the correct science is to be taught to learners, it should be made explicit 

by the source material that what is conveyed about spotting the new as a crescent is everyday 

knowledge, and that the everyday knowledge is different from that of the science knowledge 

of what a full moon looks like. In this way, it helps learners see the contrasts and differences 

with accepted knowledge of science, as opposed to everyday accepted notions.  

Instructional Design 

Comment 4 and 3 

The activity on page 95 promotes engagement, where learners discover the cause of the moon 

phases. One problem associated with this kind of activity is the time given for the learners to 

conduct this activity. It states on page 95 that the activity is to be done outside in the early 

hours of the morning, while the sun is still low. The problem with this type of an activity is 

that the learners run the risk of being supervised by an adult who knows very little about the 

cause of moon phases (as suggested in literature, e.g. Baxter, 1989). Therefore, more 

misconceptions might arise from ideas presented by the adult supervisor. The activity 

unfortunately focuses on only the moon phases illustrated by the different figures on page 94.  

Although such an activity may create an understanding of the cause of moon phases, learners 

still would be uninformed of the rest of the shapes present in the moon cycle, since the focus 

is only on the 4 shapes as presented on page 94. 

Comment 7 

Page 96 promotes learning about the different cultures, and how they use the moon shapes for 

the progression of their cultural activities. Only certain shapes are concentrated on: the full 

moon, new moon and the crescent moon. These different moon shapes bring about different 

meanings depending on the cultural groups. Since only specific shapes are concentrated on, 

one could conclude that the presentation of the different cultural meaning attached to specific 

moon shapes do not promote the learning of moon phases within a cultural setting. 

Comment 8 

The activity on page 97 is problematic as the learning that takes place might be influenced by 

several misconceptions. Again, the activity leads learners to believe that a waxing crescent is 
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a new moon. Interestingly, it states that from the time of the new moon, it would take about a 

week for there to be a half moon; however, if the learners start at the right time (where the 

moon cannot be seen: start of the new moon), this will not be the case.  

Therefore, the wrong information would be recorded and discussed; creating misconceptions 

about the approximate time it takes for a new moon to form a half moon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comment 8 
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A comparison of pages 94-96 reveals the following; although page 94 should introduce 

important concepts, and asks ñWhy does the moon change its shape?ò the content produced 

on page 94 does not answer this question at all. Instead, the activity given on page 95 hopes 

that learners will discover the answer for themselves, if, of course, learners are able to do the 

activity. The same problem can be seen on page 96, where the question is ñWhen will the 

moon be full?ò The question is not answered and, instead, an activity with the wrong 

representation of the new moon is given to learners to establish the number of days it will 

take for the moon to be full. 

Comment 9 

On page 95, the introduction on using models to model out eclipses is problematic. The phase 

of the moon has a close relation to solar and lunar eclipses: therefore the introduction of this 

question may cause confusion, where learners may think that the cause of the moon phases 

may be due to eclipses. This then may elevate the common misconception that the moon 

phases occur due to shadows being cast on the moon. Bearing this in mind, concepts as a 

whole are not summarised. Therefore one might find that learners may still have difficulty in 

understanding the cause of moon phases. 

Lastly, activities suggested by the book may not be feasible for leaners to do at home. It 

might be useful if activities were changed slightly, and rather done at school, where the 

source of light is not the sun, but a torch in a dark classroom. By doing the activities at school 

has the benefit of having a knowledgeable teacher that is able to guide the learners through 

the process. 

Technical Design 

The textbook visual representation of the moon phases is not accurate, as on page 94, only 4 

moon shapes are shown to represent the moon phases (Refer to comment 3). This is 

inaccurate as there are generally 8 moon phases that most books refer to in illustrating the 

complete cycle of the moon. The sequence in which these moon phases are represented in the 

textbook are also not accurate, as it can be seen that some shapes have been omitted. These 

omissions cause the illustrations shown on comment 3 to be ambiguous: they suggest that the 

moon changes every 7 days and that there are 4 main phase changes that take place. It also 

suggests that at the beginning of each month, the moon will look like a crescent, and that a 

new moon is indicated by a crescent. 
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Social Considerations 

Language usage of the textbook was appropriate. There was no evidence of trendy language, 

profanity, prejudiced terms, slang, or incorrect grammar. 

Positive aspects of the textbook 

The language used in the text is not complicated, and easy for the learners to understand. The 

only downside is that the technical words included in the text (e.g. crescent) are not fully 

explained. The way the word is presented, is such that it could be considered a new word to 

learn in the science vocabulary, without understanding the meaning. 

The activities that are presented in the textbook promote active engagement, as they require 

learners to be practical in their learning by collecting data, and interpreting their data. These 

kinds of activities may help learners to understand content that is presented in the textbook. It 

also encourages independence in learners to discover concepts regarding the moon phases 

when they make generalisations of their observations.  

The pictures and the text used directly relate to each other. This provides learners with a 

mental picture of what the text is trying to convey to them. 

Constructivist Promotion of the textbook 

The textbook contains various units, where different content is covered per unit. This content 

and knowledge when moving onto the next unit can be considered as prior knowledge 

learners would have, when using the textbook in the order in which it is written. In this 

particular textbook, at the beginning of the unit on page 94 (Refer to comment 10), learners 

are referred back to previous units that dealt with the moon. This helps learners to think about 

what they did previously, and explains what they would have observed if they followed what 

the activities required the learners to do. This sets the tone for introducing the topic of moon 

phases. These previous units form a background on what learners are to know when entering 

the section. Referring learners back to units that were covered may thus activate learnersô 

previous knowledge.  

There is evidence of conceptual change within the text when referring learners to previous 

knowledge. First, learners would have completed activities that involved learnersô 

observation of the moon over a period of one night. This deals with the position of the moon, 

where the moon remained constant in shape. The text goes on to address the changing shape 



60 
 

of the moon, so as to emphasise the point that the moon does go through a change in shape, 

but over a period of days, and not just one night. The conceptual change involved is the fact 

that the moon undergoes changes not only in position, but also in shape. From what is 

mentioned and observed in the textbook, characteristic 1 from Duban (2008) is achieved. 

The textbook does not use text with analogies to help learners with conceptual change, but 

does use an inquiry-based activity using models. The activity on page 95 (Refer to comment 

4 page) has a particular educational objective, and that is for learners to understand why the 

moon undergoes changes. The use of the models in this case serves the same purpose as an 

analogy would and provides an explanation for learners to understand the cause of moon 

phases. To explore this idea further, one could look at the role of an analogy and a model.  

Literature makes mention that a model is ñused to describe and explain phenomena that 

cannot be experienced directly,ò whereas an analogy is used ñto explain abstract science 

conceptsò (Coll, France & Taylor, 2005, p. 184). It is true that one cannot experience the 

cause of the moon phases by mere observation, but we certainly see evidence of the 

movement of the sun, earth and moon by means of the different shapes that the moon 

undergoes. The fact that we cannot see these movements causes the concept of moon phases 

to be abstract. Therefore, it can be said that analogies and models are interrelated because, as 

per literature, it is mentioned that ñanalogies can be considered a subset of modelsò (Coll, 

France & Taylor, 2005, p. 185).Characteristic number two in reference to Duban (2008) is 

thus achieved, taking into consideration these ideas about analogies and models. 

Comment 11 

The technical term mentioned in the textbook is the word phase. On page 94, the relationship 

between everyday language and how it is used in science is mentioned briefly. From reading 

the text and the way the word is explained, there is a similarity in the word in terms of how it 

is used in science and everyday language. This idea is taken further on page 96, with a 

discussion about religious practices, which only happen at a particular time; that particular 

time is when the moon has achieved a particular shape in its cycle. In this context, therefore, 

misconceptions can be avoided due to the similar usage of the word. In this regard, 

characteristic 3 from Duban (2008) is achieved. 

There are several diagrams in the textbook. In fact, on each page of the textbook, there are 

diagrams where relations between what is presented in the text and the diagrams correlate 
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with one another.  With regard to the activities that learners have to do, there are also 

diagrams presented, so as to show the learners how to go about carrying out a physical 

activity such as the one on page 95. Therefore, characteristic 4 from Duban (2008) is 

achieved by the textbook  

The textbook however, does not encourage a collaborated effort with a learnerôs peers 

through these activities. Therefore, characteristic number 5 as mentioned by Duban (2008) is 

not achieved in this regard. 

In summary, 4 characteristics out of a total of 5 are achieved by the textbook. This means that 

the textbook has a very high percentage of it being a tool to promote constructivism. 

Data Summary: 

Table 4.3a: Summary of data from textbook in respect to characteristics 

Content SA A D SD NA Summary of findings 

The science content is 

accurate 

  x   4 Pictures of the moon phase shown. 

Dark part of moon is a shadow. 

Phase change occurs after 7 days. 

The science content is 

current 

   x  Phases of moon not explained in terms of position of 

earth, sun and moon. 

The level of difficulty is 

appropriate for the 

intended grade 

x     Use of language is simple. 

The content relates to the 

real world 

  x   Explanation relating to real world is incomplete. 

The examples provided are 

appropriate 

   x  1
st
 day of moon cycle is suggested to be a crescent 

Analogy used inappropriate. 

 

Cultural portrayal brings 

forth correct scientific 

adaptations 

   x  New moon is called a crescent. 

 

Instructional Design SA A D SD NA Summary of findings 

Promotes engagement   x   Impractical Activity. 

Risks of activity in learners developing 

misconceptions are high. 

Cultural portrayal limits adequate engagement on 

moon phase activity. 

Promotes active learning  x    Promotes engagement when activities get done. 

Suitable for intended 

purpose 

    x No outcomes are stated by the textbook. 

Concepts clearly 

introduced  

 

  x   Heading in textbook does not correlate to the content 

presented. The cultural meaning portrayed on a full 

moon is irrelevant to the concept of moon phases. 

The activity (pg. 97) on the positioning of the moon 

in the night sky may cause confusion on the moon 

phases (Might confuse with day night cycle). 
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The textbook proved to be a good tool to promote constructivism amongst learners who 

would have the privilege of using the textbook. Despite the textbook being a good 

constructivist tool, there proved to be some problems associated with the content and design 

of the textbook. 

In terms of the content, it can be seen from the table that the textbook was problematic in 

delivering content that was sound and correct. Content covered in the textbook that was 

problematic was based on the lit and unlit part of the moon. The textbook made mention that 

the unlit part of the moon can be seen as the moon being in shadow. Such a statement shows 

that the textbook contributes to the much held misconceptions of the earthôs shadow being 

cast on the moon mentioned by a few researchers such as Stahly et al (1999) and Baxter 

(1989) to name but a few.   

Another issue raised in the discussion around the textbook was the fact that nowhere in the 

explanation of what moon phases are, is it mentioned that the relative position of the sun, 

earth and the moon are responsible for the different shapes of the moon. Instead, an activity is 

given to learners so that they discover for themselves the cause of the different shapes. What 

Instructional Design SA A D SD NA Summary of findings 

Concepts clearly developed      Content does not address heading questions. 

Eclipses are introduced in section of moon phases. 

Concepts clearly 

summarised 

   x  Concepts not summarised. 

Linguistic level is 

appropriate for audience 

x     Linguistic level appropriate for learner. 

Non-technical vocabulary 

is appropriate 

 x    Language used appropriately in trying to explain 

concepts. 

Technical terms are 

consistently 

explained/introduced 

x     Technical term used is ñphaseò where the terms is 

explained  

Activities are appropriate 

for level 

   x  Learners may not be able to do the activities.  

Technical Design SA A D SD NA Summary of findings 

The relation between text 

and pictures is accurate 

x     The text relates to the picture. 

The textbook visual 

representation of the moon 

phases are accurate 

   x  4 phases represented where each phase is 7 days 

apart. 

Phases not in correct sequence. 

The illustrations/visuals are 

clear and unambiguous 

   x  Illustrations are ambiguous. 

Social Considerations SA A D SD NA Summary of findings 

Language use is 

appropriate 

 

 x    Language is grade and age appropriate. 
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is worrying is the fact that the activity advises learners to carry out the activity in the early 

hours of the morning. This may have both positive and negative consequences. The 

consequences have to do with having adult supervision. The fact that the learner needs to 

conduct the activity in the early hours of the morning, runs the risk of having an adult 

assisting the child without having the knowledge about concepts underlying the cause of the 

different shapes. This means that learners may run the risk of having little guidance when 

conducting the activity. 

Therefore, such an activity would be more beneficial, if done in class, using e.g. overhead 

projector to represent the sun. This way, learners may benefit on having a teacher to explain 

important concepts, and thoroughly guide the learners through the activity, making learners 

aware in an explicit way on what causes the moon phases. In this way, the class learns as a 

whole, as there are no guarantees that every person in the class would conduct the activity at 

home. At least this factor gets eliminated when the activity is done at school with maximum 

class participation guided by the teacher. 

Referring to the text inside the textbook, the text presented suggests that the moon undergoes 

phase changes every 7 days. The reason for the assumption is that in the pages presented on 

content about the phases of the moon, it is not explained further that the moon undergoes 

gradual small changes every day. From how the content is presented, there is a possibility 

that learners may assume that it is every 7 days, that the shape of the moon changes. 

In terms of looking at the adaption of the topic of moon phases to the real word, an attempt 

has been made by the textbook to look at religious celebrations, to establish what the link is 

between the celebrations and the moon. The examples provided are relevant and correct. The 

only problem with this relation is that it does not help the learners know more about the moon 

phases. Instead, only one shape is focussed on, and its relation to festivities in the different 

religions. A more appropriate example which would have been more beneficial in learning 

more about the phases of the moon, are cultural stories where they explain  by their stories on 

e.g. why the moon appears to be getting smaller and bigger. This helps to thus relate the 

stories to the correct scientific knowledge about the moon phases, and the causes of the moon 

phases. Such stories would help enhance learners understanding about the topic. 

The last point which was discussed was the fact that the textbook refers to the crescent moon 

as the new moon. It is acknowledged that in the everyday world, it is communicated that the 

crescent moon represents a new moon; but it would be rather advisable that the textbook 
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explicitly makes mention that in science, what is perceived as the new moon in everyday 

communication, is in fact known as the crescent moon. This would then be a good step in 

achieving to communicate the correct science to the learners. 

4.3.2 Grade 6 textbook II 

Negative aspects of the textbook 

Content 

Comment 1 

On page 107 below, the title ñShapes of the Moonò may be problematic because learners may 

think that the phases of the moon are the same thing as shapes of the moon. This heading thus 

is not an accurate description for the figure below the heading. This is because the phases of 

the moon bring about the different shapes that we see, based on whether one is situated in the 

Northern or Southern hemisphere: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comment 1 

Comment 3 

Comment 2 
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Another piece of information which lacks accuracy on page 107 is the statement that ñWe can 

only see parts of the moon that are in sunshine.ò The problem with this statement is that the 

text does not explain fully that what we see is the part of the moon which faces us, which is 

only the one side of the moon. The other side of the moon which does not face us, we cannot 

see, yet the sun shines on the other side of the moon all the time. Therefore, such a statement 

can bring about wrong interpretations of the moon in terms of the lit and unlit side of the 

moon.   

The text further states that ñthe parts we cannot see are in shadow,ò but the dark parts of the 

moon simply tell us that the sunôs light is not reflected. Such a statement reinforces the 

conception that the reason for the moon phases is the earthôs shadow being cast on the moon. 

Comment 2 

Another point worth mentioning is information that is left out, which may constitute as a 

flaw, as the omitted piece of information plays a vital role in understanding certain concepts 

about the moon phases. On page 107, it correctly mentions that the moon moves around the 

earth. What is not mentioned, though, is the fact that at the same time that this is happening, 

the earth is also constantly moving around the sun. The importance of this concept is looking 

into also the moon rotating on its axis. It is said that the moon rotates once on its axis in 27, 3 

days. This alone brings a misconception that the observed moon phases take place over this 

time period. Due to the earth also moving around the sun, it simply means that it takes a 

longer time than the 27, 3 days for the moon to orbit the earth. This omitted piece of 

information explains why the moon undergoes a complete cycle over a period of 29, 5 days, 

as seen from the earth. It must be highlighted though that a possible reason for leaving out 

this piece of information, is of the possibility of this concept being too complex for learners 

at grade 6 level. 

Another inaccurate point on page 107 is the attempt to give an explanation of what the moon 

is. The textbook states the moon is a ñsmall world that moves around the earth.ò The fact that 

the moon moves around the earth is accurate, but describing the moon as a small world is not 

accurate. The scientific definition of the moon is that it is a natural satellite. 

The information presented in the textbook is not current. Not all the general moon phases are 

represented, which means that the sequence in which the moon phases take place is incorrect.  
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At the top of page 107, the textbook states that there is no air or water on the moon. This does 

not take into account the discovery that NASA (National Aeronautics and Space 

Administration) has made, that the moonôs surface contains water. This information though 

on page 107 does not refer to the phases of the moon, and therefore not much is looked into 

the text as it does not serve a purpose for the current study. 

Comment 3 

In the example of the different shapes of the moon, the last crescent representation of the 

moon is inaccurate. The picture looks like a gibbous. Again, the sequencing on the moon 

phases is not appropriate, as there are omissions of the waxing gibbous and the last crescent. 
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Comment 4 

Comment 5 
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Comment 5 
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Instructional Design 

Comment 4 

Concepts are not clearly developed in the textbook. The cultural story found on page 105 has 

to do with the waxing and waning process of the moon, where reference is made to ñsizeò. 

This concept is not carried through to the activities given to the learners. Rather, the activities 

focus on the characteristics of the moon, specifically the actual shape of the moon. There is 

thus no relation made with the cultural stories, even though they contain important correct 

scientific principles in terms of the waning and waxing process. It thus can be said that 

concepts developed do not promote learning about the phases of the moon. 

Technical Design 

Comment 1 

On page 107, it is explained how we are able to see the different shapes of the moon. The 

content relating to the cause of the moon phases is accurate, but the explanation of the 

movement of the moon around the earth, and the influence of the shining sun on the moon 

does not relate to the diagrams shown. Instead of showing the relationship of the sun, earth 

and the moon relative to the moon shape that is shown, only the shapes or phases of the moon 

are shown. 

Comment 3 

The textbook visual representations of the moon phases are also not accurate. On page 107, 

the textbook correctly starts with the new moon and progresses with accuracy to the first 

crescent. A waxing crescent would be the next correct phase, but this image is skipped and 

the diagram instead shows the next phase to be the first quarter moon. After the first quarter 

moon, the waxing gibbous has been omitted and the next image is that of the full moon. 

Similarly, the waning gibbous is omitted in the sequence of the moon phases. Interestingly, 

an incorrect picture is put to represent the last crescent (instead of showing a crescent, a 

waxing gibbous moon is drawn). Including an incorrect diagram for a particular phase (i.e. 

the last crescent picture in the textbook) may cause learners to mistake the last crescent for 

the image of a waxing gibbous. 

The omission of certain images from the moon phases sequence may cause potential learning 

problems of these phases for the learners. Learners may think that the moon phase diagrams 
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in the textbook are correct in terms of sequence, and that the images of the phases the moon 

undergoes in its cycle are also correct.   

On closer inspection of the sequence, however, there is an element of ambiguity that 

emerges. From the start of the new moon, it can be seen that the moon is waxing (getting 

bigger). After the full moon, according to correct scientific interpretations, the moon should 

be waning (getting smaller); the information in the textbook does not sufficiently convey the 

concept of waning. The inclusion of the incorrect drawing of the crescent causes this 

ambiguity, because the sequence shows moon getting smaller, then suddenly it becomes big 

again. This has the potential to cause a lot of confusion. 

Social Considerations 

Language usage of the textbook is appropriate. There is no evidence of trendy language, 

profanity, prejudiced terms, slang, or incorrect grammar. 

Positive aspects of the textbook 

The language used in the textbook is appropriate for the learnersô age group. The cultural 

activities in the textbook bring about important scientific applications. Even though the 

cultural portrayal does not explicitly bring forth scientific applications as to what causes the 

moon phases, it does try to express important ideas that pertain to moon phases. First of all, 

through the cultural stories, the stories convey that the moon undergoes a process of waning 

and waxing, to explain why the moon has the different shapes, and why the moon becomes 

bigger and smaller. In reality, by sheer observation, the moon does appear to be getting 

bigger and smaller in its cycle.  

The second point is that the language used within the text stresses the fact that moon phases 

happen over and over again, bringing forth the concept of a cycle. 

Comment 5 

The activities given in the textbook on page 105 and 106 promote active engagement among 

the learners. Page 105 introduces stories that are used in different cultures to explain the 

moon phases and why they occur from a non-scientific perspective. On page 105, the learners 

are then given an activity to engage with the different stories from different cultures, from 

which they attempt to extract scientific facts. This activity helps learners to separate fact from 

fiction. What makes the activities beneficial is that they require learners to reflect on their 
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understanding and interact with their group members by discussing their ideas. In this way 

learners are able to learn from one another. 

The activities that follow on page 106 explore the characteristics of the moon and the notion 

of the moon phases. Learners not only work in groups to elicit facts from stories, but also to 

work with data. This is done by learners via observation, where they record what they see. 

Leaners later interpret the data collected. Such activities are good for the learners advancing 

their knowledge about moon phases as these activities allow learners to find out information 

about the moon before engaging with the theory of moon phases. Such activities therefore 

promote active learning. The concepts build on each other, starting from a cultural 

perspective and leading to the scientific concepts relating to the phases of the moon. The 

section is summarised by using key questions to highlight the main concepts that are covered 

by the books. 

Constructivist Promotion of the textbook 

The textbook starts off the section with cultural stories before venturing into concepts 

relevant to the phases of the moon. Nowhere in the textbook does it inquire about what 

learners know about the moon phases. Only the end of the chapter tests the content 

knowledge of the learners. Since no attention is paid to prior knowledge, it can be concluded 

that Dubanôs first characteristic is not achieved. 

There are no analogies given to enhance the explanation of the moon phases. What can be 

seen from the textbook is that the content is varied: the textbook covers cultural aspects of the 

moon, characteristics of the moon, the first people to land on the moon, and some facts about 

astronauts. Not much detail goes into looking at the cause of moon phases, however one 

activity asks learners to go out at night and record what the moon would look like every three 

to four days in a month.  

The activities given in the textbook did not encourage learners to use models to try to come 

up with an explanation for why the moon undergoes phase changes. It also can be concluded 

that without the use of analogies and models, that Dubanôs (2008) characteristic 2 is not 

achieved.   

On page 107 of the textbook, the phases of the moon are referred to as ñshapes of the moonò 

(Refer to comment 1). The moon undergoes phase changes within its cycle. It is when we 

have a phase change that we are able to see the shapes of the moon that we are able to 
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observe in the sky. In other words, phases of the moon bring about the shapes we see. None 

of this, however, is explained within the text. Not having this explanation though does not 

make the text presented about moon phases poor. In fact, the explanation presented in the 

textbook as to why the moon has different shapes may bring forth some correct thinking 

(bearing in mind the misconception contained in the text about the dark part of the moon 

being in shadow) that learners are supposed to have: that the moon goes around the earth, and 

as a consequence the sun shines on the different parts of the moon for us to see the different 

shapes. This explanation gives learners the basic foundation for why we see the different 

shapes of the moon.  Bearing this in mind, it can be said that Dubanôs (2008) characteristic 3 

is not achieved, as the text itself contains misconceptions, which learners may internalise 

when learning the section. 

On each page, there is a diagram to complement the text. There is therefore a direct 

relationship between text and picture. The pictures presented are enough to form a summary 

of the content presented. It therefore can be said that the 4
th
 characteristic of Duban (2008) is 

achieved. 

The textbook contains five activities. The book does not consider all tasks as activities, but I 

will briefly summarise the tasks to show that they can be considered activities. The five 

activities entail the following: 

ü Learners collect ideas, proverbs and stories about the moon and try to determine if 

there are any scientific truths attached to them. (Group work activity) 

ü  Activity which involves finding out information about the moon through research 

and observation. 

ü An activity which involves keeping a moon journal. 

ü An activity which involves interviews with parents and older relatives. 

ü An activity testing learners on their knowledge of the content presented in the 

textbook. 

Only one activity out of the five encourages group work. This means that the learners do not 

get to work together on the majority of the remaining activities. Since there is such a small 

amount of group work, it can also be said that 5
th
 characteristic of Duban (2008) is not 

achieved. 



73 
 

In summary, 1 characteristic out of a total of 5 is achieved by the textbook. This means that 

the textbook has a very high percentage of it being a tool that does not promote 

constructivism. This means that learning with such a textbook will not necessarily enhance 

learnersô conceptual development in learning about the moon phases. 

Data Summary: 

Table 4.3b: Summary of data from textbook in respect to characteristics 

Content SA A D SD NA Summary of findings 

The science content is 

accurate 

  x   Wording of text causes confusion. 

Information left out in terms of the movement of 

sun, earth and moon. 

No reference made to the moon being half lit all the 

time. 

There is a shadow on the part of the moon we cannot 

see. 

The moon is described as a ñsmall world.ò 

The science content is 

current 

  x   Information about no water on the moon is outdated. 

Omissions in text and diagrams. 

The level of difficulty is 

appropriate for the intended 

grade 

 x    Language used is simple to understand. 

The content relates to the 

real world 

 x    There is a relation (?) in terms of what is observed. 

The examples provided are 

appropriate 

  x   Waxing gibbous and waning crescent left out. 

The example of a waxing crescent moon is 

inaccurate. 

Cultural portrayal brings 

forth correct scientific 

adaptations 

x     Cultural portrayal of moon may bring forth correct 

conception of moon phases. 

Instructional Design SA A D SD NA Summary of findings 

Promotes engagement x     Learners engage with different cultural stories of 

moon phases. 

Learners are encouraged to extract scientific facts. 

Learners are encouraged to observe and interpret 

what they observe. 

Promotes active learning x     Learners are encouraged by the activity to interpret 

their own observations and use their own thinking. 

Suitable for intended 

purpose 

    x No outcomes stated. 

Concepts clearly introduced  x     Progression of concepts is smooth and logical. 

Concepts clearly developed   x   Activities do not relate cultural stories presented to 

moon phases. 

No definition of a moon phase provided. 

Sequence of moon phases is not strongly 

emphasised. 

Concepts clearly 

summarised 

x     Concepts summarised at end of section. 



74 
 

 

Looking closely at the table, under the characteristic content, it can be seen that the content  

has a split of almost 50/50 when considering the tick in the respective columns; looking 

solely at the columns tending to the sides of disagree and agree. This split though does not 

necessarily mean the content is fifty percent good. Looking at the characteristics, the ones 

that received a tick under the column heading ñdisagreeò are the following: 

ü The scientific content is accurate 

ü The content is current 

ü The examples provided are appropriate 

It can be seen that, on the contrary, the content is poor and contains misconceptions which 

learners may internalise while learning the underlying concepts of moon phases. 

This limitation of the textbook is seen by the poor technical design presented by the textbook. 

What is striking from the analysis is the accuracy of the moon phases as mentioned earlier on. 

One could therefore conclude that the textbook is of poor quality, and slight changes made to 

the textbook, especially the section of moon phases, could enhance the textbook.  

 

 

Instructional Design SA A D SD NA Summary of findings 

Linguistic level is 

appropriate for audience 

x     Linguistic level appropriate for grade and age. 

Non-technical vocabulary is 

appropriate 

 x    Language used appropriately in explaining concepts. 

Technical terms are 

consistently 

explained/introduced 

    x No technical terms used. 

Activities are appropriate 

for level 

x     Activities appropriate for grade and age. 

Technical Design  SA A D SD NA Summary of findings 

The relation between text 

and pictures is accurate 

  x   What is explained in text is not shown on the 

diagram. 

The textbook visual 

representation of the moon 

phases are accurate 

   x  Sequence of moon phases is incorrect. 

Two moon shapes left out. 

The illustrations/visuals are 

clear and unambiguous 

   x  Illustrations ambiguous because of omitted moon 

shapes. 

Social Considerations SA A D SD NA Summary of findings 

Language use is appropriate 

 

x     Language use is appropriate for learners. 
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4.3.3 Grade 7 Textbook I 

 

Comment 1 
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Comment 1 

Comment 2 

Comment 2 

Comment 1 

Realist Moon Diagrams 
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Negative aspects of the textbook 

The textbook represented is an example of a good textbook, with few negative aspects 

attached to the content, instructional design, technical design and the language. 

Content 

Comment 1 

On page 147, there is no mention of what is happening to the two different crescents shape 

moon - that is, whether they are waxing or waning. The reason for this analysis is that waxing 

and waning are explained on page 148, yet they are not used when naming the two different 

crescents phases, which is odd. What is odd is that the textbook is able to mention 

successfully on what is happing to the gibbous shape moon (whether the gibbous shaped 

moon is waxing or waning), yet with the crescent moon this is not mentioned. 

In terms of the appropriate examples given, on page 148, the moon phases are represented in 

a diagram with one omission, which is the new moon. Evidence of this omission can also be 

seen on page 147, in the naming of the moon phases.  In everyday cultures, e.g. religious 

celebrations, the waxing crescent is a symbol of a new moon, but in science, this is an 

incorrect view of the moon. The omission of this type of moon may cause learners to believe 

that the phase of the moon begins with a crescent.  

Comment 2 

On page 148, it is correctly stated that the moon moves around the earth, but this statement 

alone would make one assume that the body that is moving is the moon, while the earth and 

the sun are still. Evidence of such a statement can be elicited from the drawing depicted. If 

this is mentioned, it could also be mentioned that the earth orbits the sun at the same time. 

This inclusion would be more of a suggestion to help learners understand that not only one 

body is in motion. 

Instructional design: 

The instructional design is appropriate for learners to do, and encourages learners to engage 

with the concept of moon phases. 
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Even though the chapter places good emphasis on questions, presenting the summary of 

moon phases and eclipses together may cause potential problems for learnersô understanding 

moon phases, as the two concepts are related to one another. 

Technical design: 

The only problem with the technical design is the omission of the new moon, as the sequence 

of the moon phases is not complete with this omission. 

Social Considerations 

Language usage of the textbook is appropriate. There is no evidence of trendy language, 

profanity, prejudiced terms, slang, or incorrect grammar. 
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Positive aspects of the textbook 

The textbook uses an important keyword to illustrate something that we observe, but which is 

not necessarily true: that word is ñlooks likeò. The textbook explains on page 148 that it 

ñlooks likeò the moon is getting bigger or smaller, where in actual fact it is not. What is good 

about the text mentioned on page 148, that it explains why is it that they mention that the 

moon looks like it is getting bigger or smaller. 

Comment 3 
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The diagrams on page 148 are a more realistic representation of what we would observe in 

the sky when looking at the moon, as compared to a drawn black and white picture. 

Comment 3 

Interaction with the content is promoted by the textbook.  On page 149, the questions asked 

deal with using the textbookôs two dimensional diagrams to try to come to an understanding 

of the cause of the moon phases. This is in relation to a figure drawn on page 148, of the 

different moon positions in relation to the earth and the sun. 

This activity directs learners to determine the real cause of the moon phases: that the cause of 

the moon phases is due to the relative position of the sun, earth and the moon. 

Learners on page 148 are encouraged to work in pairs, before answering the questions e.g. 

ñDiscuss these questions with your partner and then write your answers about what figure 2 

shows in the workbook.ò The learners are therefore also encouraged to share their ideas with 

the class on the different shapes of the moon. This has many instructional benefits, as a 

teacher can determine via learnersô responses whether or not concepts are clearly understood. 

On page 149, the questions asked do encourage active learning, as learners are encouraged to 

draw a picture of what they think the moon would look like at different positions. The 

learners are then encouraged to compare their diagrams of the moon phases to those in figure 

1 on page 148. This allows the learner to evaluate the accuracy of their drawings and forces 

learners to think spatially 

The textbook sets out goals on what the chapter would like learners to achieve upon 

completion. The exercise given to the learners on page 149 therefore enables learners to work 

towards the intended purpose of the chapter. 

The development of ideas and concepts is smooth.  Explanations and illustrations are 

available where necessary so learners can relate what is said in the text with an appropriate 

diagram.  

Constructivist Promotion of the textbook 

The chapter in the textbook deals with many aspects of the moon and does not only 

concentrate on the moon phases: the textbook within the same chapter also covers tides and 

the cause of tides. The textbook also looks at solar and lunar eclipses.  
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For this textbook, I will only report on the content regarding moon phases, as the other topics 

are not relevant to my research. 

With regards to characteristic one according to Duban (2008), there is no evidence within the 

text and activities that examines a learnerôs prior knowledge. Instead, the activities deal with 

concepts pertaining to the phases of the moon that were covered within the chapter. In this 

regard, characteristic one is not achieved by the textbook. 

On page 148, rather than an analogy to explain the causes of the moon phases, a 2-

dimensional model is used.  

It was discussed earlier that the models have more or less the same effect as analogies when 

explaining the causes of the moon phases. The model presented by the textbook therefore 

would be able to help learners achieve conceptual change, as a visual picture is represented to 

aid learners in understanding the real cause of moon phases. This allows for characteristic 

two of Dubanôs (2008) characteristics to be achieved. 

On page 148, issues around language are dealt with in a simple and concise way: that is by 

looking briefly at the use of everyday language and its meaning in science. In the first 

instance, an important keyword is used, and that keyword is ñlooks like.ò This emphasises the 

fact that the moon is not really getting bigger, and thus addresses this misconception by the 

use of the keyword. Secondly, the scientific terminology is introduced for naming something 

that seems to be getting bigger, and similarly, seems to be getting smaller. Therefore, 

characteristic 3 is achieved.  

The textbook makes good use of diagrams on page 148, showing the moon phases as we 

would experience them on earth, and then following with a 2- dimensional diagram to 

illustrate why we see the different phases. The text thus serves a great purpose as it explains 

what is represented in each diagram, making characteristic 4 achievable. 

Collaborative learning is encouraged by the activities presented by the textbook. On page 

149, the learner is first encouraged for the first question, to work with a partner. This enables 

learners to share ideas and learn from each other. The learner is then encouraged to work on 

their own, and present their work with the class after working on their own. By the learner 

sharing their ideas with the class, encourages further interaction with peers and the teacher 

alike. Characteristic 5 therefore is achieved. 
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In summary, 4 characteristics out of a total of 5 are achieved by the textbook. This means that 

the textbook has a very high percentage of being a tool able to promote constructivism. 

Data Summary 

Table 4.3c: Summary of data from textbook in respect to characteristics 

Content SA A D SD NA Summary of findings 

The science content is 

accurate 

 x    Book uses an interchange of scientific and everyday 

terms. 

Difference between waning and waxing explained, 

but terms not evident in naming moon phases. 

Important keyword used is ñseem.ò 

The science content is 

current 

 x    Not mentioned that earth goes around sun in orbit. 

Mentioned subtly that moon is half lit all the time. 

The level of difficulty is 

appropriate for the intended 

grade 

x     More detail given, but in simple language 

appropriate for age and grade. 

The content relates to the 

real world 

x     Observation of different moon shapes is explained 

by looking at positions of sun, earth and moon. 

The examples provided are 

appropriate 

 x    No new moon is shown in the moon cycle. 

Cultural portrayal brings 

forth correct scientific 

adaptations 

    x No cultural portrayals presented in the textbook. 

Instructional Design SA A D SD NA Summary of findings 

Promotes engagement x     Learners given activity to relate two dimensional 

drawings of moon shapes to position of sun, earth 

and moon. 

Promotes active learning  x    Learners, in activity on pg. 149 question 5, are asked 

to draw what moon would look like given position 

of sun, earth and moon. 

Suitable for intended 

purpose 

x     Activities given help lead learners to intended 

outcomes. 

Concepts clearly introduced  x     Concepts build on each other. 

Concepts clearly developed x     Developments of ideas are smooth. 

Explanations and illustration available where 

necessary. 

Explanations and examples are relevant. 

Concepts clearly 

summarised 

x     On pg. 154, there is a focused question, (Poster) 

which may form part of summary. 

Linguistic level is 

appropriate for audience 

x     Linguistic level is appropriate for age and grade of 

learner. 

Non-technical vocabulary is 

appropriate 

x     Language used is appropriate in explaining 

underlying concepts. 

Technical terms are 

consistently 

explained/introduced 

    x No technical terms used. 

Activities are appropriate 

for level 

x     Activities given appropriate for grade and age. 
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Looking at the presented table 4.3c, it may seem judging from the ticks in the respective 

columns that the textbook does not have misconceptions. The fact that though there are ticks 

in the agree column as opposed to there being ticks in the strongly agree column, suggests 

that the content is not entirely correct.  

In terms of technical design, the representation of the diagrams is accurate to a certain extent. 

There are only a few problematic items, but in general, the representations are good. 

Looking at the data presented, it can be concluded that the quality of diagrams, and the 

explanations offered by the textbook, are good. Therefore the textbook is a good resource for 

learners to use to achieve conceptual change in terms of understanding the cause of moon 

phases. 

It should be noted, however, that in terms of the textbook design, presenting moon phases and 

lunar eclipses in the same chapter is not beneficial. This is because placing these two 

concepts in the same chapter may cause confusion: that the inclusion of lunar eclipses may 

cause misconceptions surrounding the cause of the moon phases, and the cause of lunar 

eclipses.  

The diagrams between pages 152 and 148 look very similar to one another (this is based 

entirely on the shape of the moon rather than the type of moon diagram shown: e.g. realistic 

diagram of the moon vs. black and white diagram of the moon), and there are only small 

differences in terms of how the pictures are represented. The concern therefore, is the fact 

that learners may tend to think that another possible explanation for the cause of moon phases 

is that the earthôs shadow is cast on the moon, which is a common misconception as 

discussed in Chapter 2. 

Technical Design SA A D SD NA Summary of findings 

The relation between text 

and pictures is accurate 

 x    There is one omission: that of the new moon. 

The textbook visual 

representation of the moon 

phases is accurate 

 x    Correct, but still new moon missing. 

The illustrations/visuals are 

clear and unambiguous 

 x    One moon shape type is omitted within the 

illustrations. 

Social Considerations SA A D SD NA Summary of findings 

Language use is appropriate 

 

x     Language use is appropriate for the grade and age of 

learner. 
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of pg 148 (Comment 

in this point 

mentioned in above 

paragraph. 
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4.3.4 Grade 7 Textbook II 

 

Comment 1 

Comment 2 

Comment 2 

Comment 3 

Comment 4 
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Comment 3 
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Negative aspect of the textbook 

Content 

Comment 1 

On page 90, it is mentioned that it takes the moon 29, 5 days to orbit the earth, which is 

approximately the time it takes for 1 calendar month. Thus, from a human perspective, the 

moon undergoes a new cycle every month. There is nothing wrong with such a statement, but 

it is also important to explain why it is that the moon takes 29, 5 days to orbit the earth and 

complete its cycle. If this is not mentioned, then such a statement can be considered a 

negative aspect of the textbook, as the information presented would be incomplete. To 

illustrate this further one could look at the scientific explanation of why the moon takes 29, 5 

days to orbit the earth. The explanation is as follows: it takes the moon less time to orbit the 

earth once. It is estimated that it takes the moon 27, 3 days for one complete orbit. The reason 

we see the moon start a new cycle in 29, 5 days has to do with the fact that the earth also 

orbits around the sun at the same time that the moon is orbiting the earth, and this has an 

influence on how long it takes for the earth, sun and moon to be in line again for the 

formation of the new moon. (This is in reference of a solar cycle). It must again be 

highlighted that a possible omission of explaining why the moon undergoes 29, 5 days to 

orbit the earth is the possibility of the concept being difficult for learners at grade 7 level to 

understand. 

Comment 2 

Again on page 90, it is mentioned that the moon ñgrows biggerò. This is incorrect as, in 

reality; the moon stays the same size. The moon only appears to be growing bigger.  This 

again could cause the misconception that the moon changes in the actual size, where at one 

stage it gets smaller, and the next stage, it gets bigger.  

What is of interest in the diagram though is that the half of the moon that is coloured white is 

facing the sun. The black part is not facing the sun. The latter is the other half that we cannot 

see, but the way it is represented suggests that the sun never shines on the other half of the 

moon. 

 

 

Comment 3 
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Instructional Design 

Comment 3 

The instructional design is appropriate for the learners. The learners are encouraged to use 

models on page 90 to model out different shapes of the moon in relation to the position of the 

sun, earth and the moon. Such an activity would help in increasing understanding on what 

causes the different phases of the moon.  

The fact that learners work in groups for this kind of activity means that learners can share 

their ideas, and this may force learners to reflect on their thinking if the group as a whole 

does not agree on a set positioning of the models. Such reflections foster critical thinking 

skills and problem solving skills. It helps learners also to value a group, and to learn to work 

with the group that they have.  

The concepts are presented in a smooth and logical way by looking at the sequence. To 

illustrate this idea, it is seen from the textbook that the introduction of moon phases starts 

with the book explaining why we can see the moon. It goes on to say that different shapes are 

seen in different days because of the moon phases. A diagram is given, and moon phases are 

discussed in reference to the diagram. Lastly, it ends with learners given an activity to model 

some moon shapes. This illustrates good logic in the presentation of concepts, where the 

concepts are clearly developed.  The activities thus are appropriate for the level of learners. 

Such activities can be carried out by learners at grade 7 level. No technical terms are used, 

and therefore the language presented is made simpler to understand by the use of 

straightforward English. 

Technical design: 

Comment 4 

On page 90, there are 12 diagrams shown to represent the moon phases. When moon phases 

are discussed, texts usually mention eight moon phases with their respective names. 

Therefore, the diagrams on the page may cause confusion in terms of how many phases there 

are in total. This may actually be good, as learners are shown that the moon undergoes 

changes all the time, and that it is not restricted to changing only 8 times. A disadvantage of 

this representation is that it is not explained that the moon phases are not restricted in the way 

they undergo change (e.g. that there are only 8 phases). In fact, what is seen in the diagrams 
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may create the belief that the moon undergoes 12 changes in its cycle. What is of a great 

advantage though with the diagrams shown is that the diagrams show in summary what 

exactly the moon would look like at a given position. 

Social Considerations 

Language usage of the textbook is appropriate. There is no evidence of trendy language, 

profanity, prejudice terms, slang, or incorrect grammar. 

Positive Aspect of the textbook 

The textbook shows the relative positions of the sun, earth and the moon, and the appropriate 

picture or diagram for each position. The diagram alone summarises the main point that the 

cause of the moon phases is due to the relative positions of the sun, earth and the moon. What 

is also complementary to the summarised diagrams is the activity given to learners, where the 

learners use models to understand the cause of the moon phases, and most importantly, to 

observe the shape of the model moon in various positions.  

Constructivist Promotion of the textbook 

The textbook on page 90, taps into the learnersô prior knowledge. The knowledge that the 

textbook taps into concerns what learners would notice when they look at the moon. It 

assumes that at one stage or another, the learners would have seen different shapes of the 

moon when they observe the moon in the evening or during the day sometimes. It is not an 

idea that is far-fetched as learners, irrespective of where they come from (rural or urban), 

have opportunities of seeing the different shapes of the moon. The textbook shifts to 

explaining why the different shapes of the moon are observed. This illustrates that there is a 

shift in the text focus, taking learners to the next level of thinking, by focusing on the cause 

of the different shapes of the moon.  

The questions asked within the text are more rhetorical, which may cause learners to think 

about their past experiences of observing the moon. With this in mind, characteristic one is 

achieved. 

Again, a 2-dimensional model is used to illustrate how it comes about that we have the 

different shapes of the moon.  
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This gives learners a mental picture of what is happening in reality, as we may not be able to 

physically see the relative movement of the earth, sun and the moon. The only things that we 

are able to observe are the effects of this movement. Therefore, having a 2-dimensional 

representation as the one represented in the textbook enables learners to understand the 

effects of what they observe. In this regard, as mentioned with the other 2-dimensional 

representations, characteristic two from Duban (2008) is achieved. 

On page 90, the scientific word waxing (refer to comment 2) is used in the same line with the 

common language word bigger, and again the scientific word waning is used in the same line 

with the everyday language word less: not much is explained by the choice of words within 

the text. Not explaining the scientific terms with everyday language may create 

misconceptions. In this case, the misconception may be that, physically, the moon gets bigger 

or smaller in its size. This in reality is not the case, as the moon remains the same size; the 

only difference is that as the moon in undergoing phase changes and appears as if the moon is 

getting bigger or smaller. In this regard, characteristic three in Duban (2008) is not achieved. 

On page 90, besides the earth and the moon being given the same representation by the 

textbook, the diagrams presented clearly show the position of the sun, earth and moon, with 

the correct representation in terms of how the moon would be viewed on earth by humans. 

On page 90- 91, an activity is given to learners to model the phases of the moon and to use 

observation to look out for the different phases of the moon as the moon undergoes its orbit 

around the earth. Group work for this activity is encouraged greatly. This fulfils characteristic 

4 and 5 of Duban (2008). 

In summary, 4 characteristics out of a total of 5 are achieved by the textbook. This means that 

the textbook has a very high percentage of it being used as a tool to promote constructivism. 
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Data Summary 

Table 4.3d: Summary of data from textbook in respect to characteristics 

Content SA A D SD NA Summary of findings 

The science content is 

accurate 

  x   Text suggests that whole moon is lit at different 

times. 

Diagram of moon is used to represent earth. 

Text mentions seven phases moon undergoes, while 

picture shows 12 kinds of moon representations. 

The science content is 

current 

x     Information is current, as different positions of sun, 

earth moon are shown for different moon shapes. 

The level of difficulty is 

appropriate for the intended 

grade 

 x    Level of difficulty is appropriate, but text and 

picture relation may cause confusion. 

The content relates to the 

real world 

x     There is a link with what is seen in night sky, and 

positions of sun, earth and the moon. 

The examples provided are 

appropriate 

x     Examples given appropriate for grade and age. 

Cultural portrayal brings 

forth correct scientific 

adaptations 

    x No cultural portrayal evident in book. 

Instructional Design SA A D SD NA Summary of findings 

Promotes engagement x     Activity on pg. 90 encourages modelling of moon 

phases. 

Promotes active learning x     Through modelling, learners may internalise cause 

of moon phases. 

Suitable for intended 

purpose 

    x No outcomes stated in textbook. 

Concepts clearly introduced  x     Introduction of concepts is smooth and logical. 

Concepts clearly developed x     Explanations are available where necessary. 

Concepts clearly 

summarised 

    x No evidence of concepts being summarised. 

Linguistic level is 

appropriate for audience 

x     Linguistic level appropriate for grade and age. 

Non-technical vocabulary is 

appropriate 

x     Vocabulary is appropriate.  

Technical terms are 

consistently 

explained/introduced 

    x There are no technical terms used. 

Activities are appropriate 

for level 

x     Activities are realistic and appropriate. 

Technical Design SA A D SD NA Summary of findings 

The relation between text 

and pictures is accurate 

x     Text and pictures relate to one another. 

The textbook visual 

representation of the moon 

phases is accurate 

x     The traditional 8 phases of the moon is not brought 

about the representations. 

The illustrations/visuals are 

clear and unambiguous 

   x  Illustrations may be ambiguous for the fact that 12 

moon phases are represented. 

Social Considerations SA A D SD NA Summary of findings 
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In terms of the content, it can be viewed from table 4.3d represented above that there is a 

small problem relating to the accuracy of the content presented in the textbook. Firstly, there 

is a statement on page 90 which is seen as incomplete, which impacts on the accuracy of the 

content. The rest of the characteristics under content are achieved by the textbook but, 

overall, the content represented in the textbook is of good quality 

The technical design judging from table 4.3d proved to be beneficial as the only problem that 

arose was the ambiguous nature of the diagrams, where learners may think that there are 12 

moon phases in total. 

There are five names of the phases drawn above the diagrams of the moon phases, for 

example, new moon is mentioned above drawing number 1. Following the names, learners 

may assume that the new moon is representation number 1, 2 and 3. It is possible for this 

generalisation to be made, because in religious celebrations, the new moon is marked by the 

appearance of a crescent.  The same could be said about the first quarter representing drawing 

number 4, 5 and 6. 

The technical design of the book is good. The text relates to the pictures shown, but more 

should be explained about how the moon undergoes changes. The text should also make 

mention that the shapes of the moon are not restricted to be 8 or 12. Making this small change 

to the explanation would enhance the technical aspect of the textbook. 

 

 

 

 

Social Considerations SA A D SD NA Summary of findings 

Language use is appropriate 

 

x     Language used is appropriate. 
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4.3.5 Grade 8 Textbook I 

 

Comment 3 

Comment 3 

Comment 4 

Comment 6 
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Comment 1 

Comment 2 

Comment 5 
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Negative aspects of the textbook 

Content 

Comment 1 

On page 126, it states that ñThe moon takes about a month to orbit the earthò. A month in a 

calendar consists of 30 and 31 days respectively, where the exception is February, where the 

month takes 28 days, and in a leap year (which happens once in every four years) it takes 29 

days. Approximations can create problems, as learners may conclude that the moon orbits the 

earth in any of the above given days (30 or 31 days), which is inaccurate. It actually takes the 

moon less time to orbit the earth than is suggested. 

Comment 2 

On page 126, there seems to be a contradiction in the text. It states that the different shapes of 

the moon are called moon phases, and in the next sentence that the actual shape of the moon 

does not change. This can cause a lot of confusion as the two sentences contradict each other. 

Comment 3 

The textbook attempts to relate the moon to the real world by mentioning that there are 

religious celebrations that are held when the moon is full. The textbook also on page 125 

makes mention of another culture where the existence of the moon is celebrated; however, in 

terms of looking at moon phases, and how the phases relate to the real world, there is no 

relation whatsoever.  

On page 125, the activities given on cultural portrayal only deal with a particular phase of the 

moon: e.g. the full moon. This activity therefore would not bring out scientific concepts on 

the cause of moon phases.  

Instructional design 

The design of the textbook is adequate and would enhance learnersô understanding. The 

activity given on page 125 (Refer to comment 4) of the textbook requires learners to draw the 

shapes of the moon over a period of one month. This type of activity increases learnersô 

understanding that the moon undergoes different shape changes over a period of a month, and 

learners may therefore see the cycle starting to repeat. The moon thus completes its cycle 

around the earth in slightly less time than initially suggested. This activity may be very useful 
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if carried out over a period of a month containing 30 to 31 days, as learners would then see 

that the cycle repeats itself.  

Comment 5 

The learners on page 126 are given another activity which involves using models. Using 

models encourages learners to decide, and at the same time establish by means of using the 

models as to why the moon is a different shape at different times of the month. Such an 

activity encourages critical thinking and problem solving. This encourages learners to 

participate in active learning as they discover things for themselves when experimenting with 

models.  

Most of the activities involve learners working either in groups or in pairs. This helps learners 

to compare their ideas with those of the rest of the group. It encourages self-reflection, and 

thus helps a learner to engage more with the ideas presented. This may help with the learning 

process as learners would be faced with explaining their misconceptions where the group, and 

later on the teacher, can help a learner realise the mistake in the leanersô thinking. There are 

therefore more benefits to working with a group, with an active teacher who has good content 

knowledge. 

The textbook has intended outcomes, and makes these outcomes explicit to the learner at the 

beginning of the chapter of moon phases on page 125 (Refer to comment 6). Concepts are 

clearly introduced and developed, and there is a logical flow of ideas in the content presented; 

the textbook begins with cultural aspects of the textbook, goes on to shapes of the moon and 

phases of the moon, and ends the chapter with more information about the moon. From the 

sequence of these topics, one can see that there is a logical structure.  

Within the content, there are no technical words evident, which make the text easier for 

learners to understand for the grade level. At the end of the chapter, there are focus questions 

(pg. 128) where learners are asked to make a list of things they have learnt in the chapter. 

This therefore serves as a summary of the chapter, and may help learners in future when they 

have to think of previous things that they have learnt.  
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Focus Question 

as highlighted in 

above paragraph 

Focus Question 
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Technical design 

The technical design of the book is adequate. The relationship between the text and pictures 

is accurate; the text explains the concepts, and the picture is there to help with the 

understanding of the concepts. The visual representation of the moon phases is accurate, 

unlike other textbooks. This textbook includes in the cycle a visual representation of a new 

moon. The illustrations are therefore clear for learners to understand what is occurring in the 

pictures given to them.  

Social considerations 

Language usage of the textbook is appropriate. There is no evidence of trendy language, 

profanity, prejudice terms, slang, or incorrect grammar. 

Positive Aspect of the textbook 

The activities given by the textbook promote engagement. An example can be seen on page 

125 (Refer to comment 4) where learners are required to draw and observe the moon for a 

period of a month. This type of activity helps learners see the different shapes the moon can 

undergo in a period of a month, and thus is a good introduction to moon phases. On page 126, 

the concept of moon phases is further explored, as learners determine for themselves the 

cause of moon phases using models. E.g. ñCan you use this activity to explain why the moon 

has a different shape at different times of the month?ò The activities given would help 

learners to learn from each other, as they involve work carried out in groups or in pairs. There 

is thus a smooth transition and development of concepts, where what is observed is explored 

in greater detail. 

Active learning is promoted as learners perform activities where they collect data, and use the 

data collected to explain moon phases and the different shapes associated with the moon 

phases, before theory is introduced. 

The textbook also contains a set of objectives or outcomes that should be achieved by the 

learner at the end of the chapter (Refer to comment 6). The activities given help learners to 

achieve these intended outcomes. A further advantage of the textbook is that explanations and 

illustrations are offered after learners have done activities. This helps learners understand the 

value of the activities in allowing them to understand the concept of moon phases. 

 



99 
 

At the end of the chapter, concepts are clearly summarised by means of focus questions and 

end-of-chapter synthesis activities: e.g. on page 128 (Refer to comment on focus questions 

under comment 5). The text instructs learners to ñmake a list of all the things you have learnt 

to do in this chapterò. This list is then compared to another list on page 111 which appears in 

earlier pages, in terms of what learners are expected to know after the chapter has been 

completed.  

Constructivist Promotion of the textbook 

The way in which the textbook is written assists in establishing what the learner already 

knows, in a creative way. The textbook on page 125 (Refer to comment 3) gives a very brief 

background on the fact that cultures hold celebrations in respect of the shape of the moon. 

The textbook aids in identifying what learners know about the moon and culture by asking 

why the learners think the celebrations take place. The textbook also gives a brief background 

about moon celebrations at the bottom of page 125 (See comment 3). The textbook thus only 

taps into the learnersô previous knowledge about the moon and culture, and no attempt is 

made by the textbook to find out what learners know about the scientific aspect of what 

causes the phases of the moon. The textbook instead focuses on only one aspect of a moon 

phase: the full moon.  

As far as characteristic one is concerned, it could be said that the characteristic is not 

achieved. Even though learnersô previous knowledge is accessed, it can be safely said that the 

knowledge that is tested does not have to do with moon phases, but has to do with the full 

moon. No questions challenge learnersô knowledge of the phases of the moon, and what 

causes these phases. 

No analogies are used by the textbook to help learners understand the cause of moon phases. 

Instead, learners are given an activity to model the relative positions of the sun, earth and the 

moon. Learners are encouraged to look at the shape of the light being shone onto the model 

of the moon. A 2-dimensional picture is drawn in the textbook to illustrate how to go about 

doing the activity. After observation, the text then asks learners why they think the moon 

undergoes different phase changes. It is hoped from the activity that learners will understand 

that the different shapes of the moon are caused by the relevant positions of the sun, earth and 

the moon. This can be seen from the explanations provided by the textbook on page 126: ñAs 

the moon moves around the earth, you see different amounts of the lit - up half of the moon.ò  
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The activity, with the use of models, may help learners to develop a mental picture of what is 

happening in reality, as we may not physically be able to see the relative positions of the 

earth, sun and the moon. The only things that we are able to observe are the effects of this 

movement. Therefore, having an activity where learners independently model the positions 

and shapes of the moon that they observe, may enable learners to understand the effects of 

what they observe. In this regard, characteristic two from Duban (2008) is achieved. 

On page 126, we see the first evidence of the relation between everyday language and the 

scientific way of thinking. It mentions on page 126 that ñthe actual shape of the moon does 

not changeò (refer to comment 2). In everyday language, we do talk about the moon changing 

its shape. This may create the misconception that the moon is constantly changing shape each 

time, as opposed to learners understanding that the appearance of the moon is related to the 

position of the sun, earth and the moon, in respect to what is reflected to the people who are 

observing the moon on earth. It is quite useful that the textbook mentions this fact to spark 

debate amongst learners and teachers alike, so that they may come to an understanding of 

why it is said that the actual shape of the moon does not change.  

It is extremely beneficial that the text indicates that we only see the half of the moon that is 

lit. The evidence is within the text, where it mentions that ñas the moon moves around the 

earth, you see different amounts on the lit up half of the moon.ò This therefore may eliminate 

a possible misconception that when the moon is full, we see the ñwhole moonò 

Almost immediately, the textbook tackles what learners should know about the moon as 

opposed to the everyday language, by supplying scientific facts, rather than making a 

comparison explicitly within the textbook. In this way presenting scientific facts may 

encourage learners to ask questions if the theory is not in line with their everyday 

understanding. It therefore can be supported that characteristic 3 of Duban (2008) is 

achieved.  

Pictures are used in the textbook to complement the text written. This helps with the 

understanding of what the text is trying to convey. Enough pictures are used to convey the 

necessary concepts. Characteristic 4 of Duban (2008) is therefore achieved. 

On page 125, in activity 5 and 6 it is encouraged that learnersô work in groups and in pairs for 

the respective activities (e.g. in activity 5, it is encouraged that learners work in groups to 

collect data: the data consist of recording what the moon looks like on each day for a month). 
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This encourages learners to compare what they have with one another for validation 

purposes. 

Again, on page 126, it is encouraged that learners work in pairs for modelling the relative 

positions of the sun, earth and the moon, so as to establish what moon phase occurs when 

different positions are modelled. Therefore, characteristic 5 of Duban (2008) is also achieved.  

In summary, 4 characteristics out of a total of 5 are achieved. This therefore means that the 

textbook can be seen as a good conceptual tool to promote constructivism. 

Data summary 

Table 4.3e: Summary of data from textbook in respect to characteristics 

Content SA A D SD NA Summary of findings 

The science content is 

accurate 

  x   Number of days for complete cycle not accurate. 

Little is explained about actual shape of moon not 

changing. 

The science content is 

current 

 x    No mention of earth orbiting the sun. 

The level of difficulty is 

appropriate for the intended 

grade 

 x    Some text may be confusing to learners. 

The content relates to the 

real world 

   x  Analogies used do not relate to real world. 

The examples provided are 

appropriate 

 x    Not enough examples are given for 6 of the 8 moon 

phases. 

Cultural portrayal brings 

forth correct scientific 

adaptations 

   x  Cultural activity brings forth non-scientific relation 

or adaptions. 

Instructional Design SA A D SD NA Summary of findings 

Promotes engagement x     Observation activity is given to learners. 

Activity also entails learners using models to explain 

moon phases. 

Promotes active learning x     Learners collect data and use data to explain moon 

phases. 

Suitable for intended 

purpose 

x     Suitable for the stated outcomes.  

Concepts clearly introduced  x     Introduction of concepts is smooth and logical. 

Concepts clearly developed  x    Explanations and illustrations are given after each 

activity. 

Illustrations and explanations are relevant. 

Concepts clearly 

summarised 

x     Concepts summarised by focus questions. 

At the end of chapter, there are synthesis activities. 

Linguistic level is 

appropriate for audience 

x     Linguistic level is appropriate as per grade and age. 

Instructional Design SA A D SD NA Summary of findings 
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In terms of the content of the textbook, it can be seen from the summary presented by the 

table 4.3e that the content is satisfactory. 

This is because of an inaccuracy brought forth by the textbook in relation to the time frame it 

takes for the completion of the moon phase. Other concerns include the completion of 

information, where within a text, there is relevant information left out as per detailed 

description above pertaining to the characteristic relating to how current the information is. 

The contradiction or, rather, misconception in relation to the sun shining on the moon makes 

the textbook somewhat confusing to understand as it may also give the learners the idea that 

the other half of the moon which cannot be directly viewed on earth is not lit by the sun at all. 

The textbook also lacks examples of the relative positions of the sun, earth and the moon for 

the other moon phases that take place. Also, cultural portrayals do not relate to moon phases 

at all, but instead only concentrate on one type of moon phase: the full moon. 

The technical design, however, is good and this can also be seen according to the summary 

provided by the table above. It can be said that the quality of diagrams represented in the 

textbook is good because the written text relates to the pictures represented by the textbook. 

Even though the relative positions of the earth, sun and the moon are not shown in the 

drawings for the different moon phases, the correct sequence is shown in terms of the shapes 

that come after one another for the different phases. There is nothing ambiguous about the 

pictures shown, as opposed to other discussed textbooks: grade 6 and 7 Natural Science 

textbooks. 

Instructional Design SA A D SD NA Summary of findings 

Technical terms are 

consistently 

explained/introduced 

  x   There are no technical terms used. 

Activities are appropriate 

for level 

x     Activities are appropriate as per age and grade. 

Technical Design  SA A D SD NA Summary of findings 

The relation between text 

and pictures is accurate 

x     Text and picture relation are accurate. 

The textbook visual 

representation of the moon 

phases is accurate 

x     Visual representation of moon phases is accurate. 

The illustrations/visuals are 

clear and unambiguous 

x     Illustrations are clear and unambiguous. 

Social Considerations SA A D SD NA Summary of findings 

Language use is appropriate 

 

x     Language use is appropriate for grade and age of 

learner. 
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4.3.6 Grade 8 textbook II 

 

Comment 1 

Comment 3 
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Comment 2 
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Negative aspect of the textbook 

Content: 

Comment 1 

The point mentioned below is insignificant for the purpose of the study, but is worth 

mentioning as it falls within the section of moon phases in the textbook: 

On page 85, two aspects are mentioned: the time taken for the moon to spin on its own axis, 

and the time taken for the moon to orbit the earth. What is of interest in the statement is the 

implication that it takes the same time for the moon to go around the earth as it does to spin 

on its own axis. The amount of time suggested is close to the correct scientific value, where 

according to science literature, it is estimated that the moon would take approximately 27, 3 

days to spin on its own axis in that time period. What is important to note is that the time 

taken for the moon to spin on its own axis is not the time the moon takes to orbit the earth; in 

fact, it take a slightly longer period (29.5 days). Therefore, the textbook in this regard is not 

accurate in terms of the content presented. 

Comment 2 

On page 87, the cultural portrayal introduces the concept of waning and waxing, where the 

moon appears to be getting bigger and smaller. This cultural portrayal could help learners see 

that the moon undergoes different shapes, where the shapes are referred to as moon phases. 

However, the cultural portrayal does not explain the cause of the moon phases. 

Instructional design 

Comment 3 

The instructional design is adequate. The learners are first of all given an activity on page 85 

where they need to conduct an investigation over a period of 2 months. This investigation 

involves learners working in groups, and observing for the two months if the moon changes 

shape. The onus is left on the groups to decide how they are going to conduct the 

investigation given to them. This involves active learning as the group has to make decisions 

together on how they are going to tackle the activity. Group decision making involves skills 

such as critical thinking and problem solving.  
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Comment 4 

In the next activity on page 86, learners are introduced to models. This helps learners to 

understand the cause of moon phases and, in a way, increase understanding on the concepts 

associated with moon phases. Concepts are clearly introduced and developed, as indicated by 

the sequence in which things are presented: Shapes of the moon, using models for shapes of 

the moon, and lastly the myths and legends surrounding moon phases and astrological 

phenomena. There are no technical terms evident in the text making the text easy to read and 

to understand. 
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