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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 consistecpbhses,

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

|l earnersd ideas about moon phases.

In the first phase,is textbooks were analysed, with varying results. The two grade 6
textbooks analysed introded 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
howeverfailed 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 camtgydinas

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 analysgdhe 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
leamers 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 camg fdmexctheir
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 pbigesmoon.



The findings of the two phases bring out the following implications:

1 Much needs to be done by tertiary institutions in equippingereice teachers with
content knowledge that would help them identify misconceptions that arise in textbook
SO as to make sure that the misconceptions contained in textbooks are not passed down to
learners that they teach.

1 Tertiary institutions should also strive to equip-pegvice teachers with pedagogical
skills that would help them design instructiontthawo ul d hel p addr ess | €
misconceptions in relation to the phases of the moon.

1 There needs to be intervention by provincial departments of education, in helping to equip
current teachers by means of workshops with pedagogical content knowledgerds reg
to the phases of the moon, and Astronomy education in general.

1 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

helpdecrease 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 wigabhers are expected to deliver

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

0Pl anet Earth and Beyondd is astronomy.
I n the RNCS (Revised National Curriculum S
spec f i c foci. The RNCS outlines its focus ar

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

a small pl anet in a vast uni ver stened iNtReNC S, [
RNCS: the foundation phase, the intermediate phase and the senior phase. Each phase
contains di fferent content under t he headi
intermedi ate phase, the foll owi ngrentishapee x pect
changes in a predictable way and how these changes may be explained is by its motion

relative to the earth moon and sunodo (RNCS, p

In the intermediate and senior phases, which are the focus of my study, the RNCS makes
explicit what kind of ontent is expected to be taught. The content that falls under astronomy

includes the dayight cycle, moon phases and weather changes.

A significant amount of research has been conducted on astronomy education, particularly to
improve instruction of scidific 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, e relative sizes and distancesthe universe, and seasons @amtle 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 thecalleal) is



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 betweersebtions outlined by the RNG®&d my

study. Since there seems to lmnsiderable 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 concep 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 cevelopment 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 teacher® tunderstand 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$n 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 teachihgxtbooks 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 literature that has been reviewed (more detail abeuiterature is explored infapter 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 ohnpb@ases from a two

di mensi onal perspective, and what this migl

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



1.4 Aim of the Study

The aim of the study is to investigathe 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 sed 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 explanaibns 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 igresented 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 studentarfastery 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 yeahen 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
importantfor 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.



Through my experience of observing lessons as esgméceteacher, | 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 textbookstaaching aid.

Teachers tend to follow a textbookds exact
lessons to account for issues such as the accuracy of the content needs of the learners,
pedagogical strategies, guidelines regarding how the tektisobest utilised, and guidelines

on how t o asased the dordeatr(@hmpetd@éthnakrFillman, 1991; Yore,

1991) . Therefore, textbooks have a <critical
knowledge.
There have been several studieqd a t focus on | earnersod i deas

have looked at how instruction influences the learning of scientific ideas (Barnett & Morran,
2002; Sharp &uerbis 2006; and Trundle, Atwood & Christoph2007b). Very few studies

have looked tathe 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 transmigachtrs, who

then may hold incorrect scientific ideas about moon phases. This study makefiso
practitioners orooking atalternative ways that could be used to aid the understanding of

moon phases to the learners.

As explored above, since these tspare 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 €G@07b). 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 scientificallyae and dimensional

manner.



1.7 Methodology

The research wasxecued in two phases. Phase aaddressed the firsesearch question.

Phase twaddressedthe second research question.
Phase 1: Analysis of Textbook
Materials: Science Textbooks

Six science textbooks weexamined to investigate the quality of diagrams atulamations

of moon phases.

Textbooks were selected on the basis of whether moon phases content was covered in the
section of OPIl anet Earth and Beyondd. Oof th

are grade 7 textbooks and two are grade 8 tek#hoo
Data:

The instrument used for data collection is an adaptation of an instrument used by the British
ColumbiaMinistry of Education(2002, 2008)n selecting appropriate resources that could be
used for instructionA few amendments were made to thstiament, to suit the purpose of

the present study.he 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 withopaidising the work
schedule set by the Natural Science teaching deparahém school The sample consisted

of onegrade eight clasthat 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 Sdwence.

15 learners were chosen in such a way that they fitted into the following categories; above
average, average and below averagee criterionin the selection of learnemas done in

such a way thalearners atll levelsas per the mentioned categoreesild be represented

For an equal representation of learners, 5 learners per categoryeleeted by the educator



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 (@e, 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 tratribed 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 shayoé 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

applicaton  abi |l i ti es. The video footage was wused
view the | earnersd arrangement of the model
purposes.

1.8 Structure of Research Report

The research report consists of six ckemtincluding the intragttion 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 teacharsl learners, especially on the topic of moon phases.
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The theoretial 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 discusseddetail in the chapter.

In Chapter 3, | will present the methodology and procedures used in collecting data in the
study in more detail. | will explain what type of study this research is, and explain the sample
involved in this study in more detail: tHeackground ofthe participants in the studg
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. | will
further explainthe process involved to refine the research instruments used for the purpose of
the study, and look at the validity and reliability of the instruments. | will also look at ethical

considerations with regard to the study.

In chapter 4, the results of the tieaok 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 chapgel and 5 are also discussed in this chapter. The reason for

di scussing chapter 406s instrument in terms ¢
the chapter, the relationship between the te
phasesis 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 tersibpnd 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.



Chapter 2

Literature review

2.1 Introduction

The literaturereview 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 guidésdiyny

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 appearahdkeeomoon, 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 mdote:(the diagram indicated

below is not illustrated according to scale) :
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Figure 2.2a: lllustration of moon shapes in respect to th@osition of sun, earth and

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

(MoonConnection.com).

Looking at thediagram, one notices that on the outer side of the diagram, the moon phases
are represented, and on the innelesone notices that the moorhilf lit by the surall the

time. This is a satisfactogummary to the concept of moon phases, as Baileya&5{2003)
explains that fidespite half of the moon bei
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of that half that can be seen from edrtiwvhat we call the phasedepends upon the relative
positions of the sun, e¢g2003hp.22nd t he moono (B

Moon phases can be observed in the night sky, when weather conditions allow it. The
concept as written on paper may | ook straig!
have problems in understanding why the moon phases occur.

Bel ow, |l iterature i s explored in more detali

teachersé/ adults have about moon phases.

2.2.1 Misconceptions

The term &émisconceptions6é is sometimes i nt
conceptsthereforéd impottant toi look at the meaning of both words, as literature used

for the study talks of either misconceptions or alternate conceptions.

The word &émi sconceptionsdé is used to refer
reflectscient st s6 understanding of a natur al pheno.l
holding ideas or conceptions which are not scientifically correct. On the otherbhandt er nat e
conceptionsbo, wer e def i neduipdr {1998 asnvasconeptus He ws
understanding contained by an individual about a specific concept, where the understanding

of such a concept is at odds with scientifically accepted norms. The deBnéign though

slightly different relate to one another, &®th mentionthe individuals understanding of

knowledge which is at odds with the scientific view.

Therefore, for the purpose of the current study, the t&fmsi sconceptionsd oI
conceptionso wil/l be understood t oatngetd at e t

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 misconceptis held by learnerd’hese conceptions include:

1. Clouds covethe 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



4. The shadow of the earth falls on the moon, blocking our.view
(Stahly et al., 1999. 160)

Out of this listBaxter (1989) noted that the most comiydmeld conception on the cause of

moon phases by children was that.Thefabovehe ear
mentioned conceptions are misconceptions, as the accepted viewtofausas the moon
phases, I's that Athe moonds apparent shape
respect to the sun and earth changeso (Suzu
relationship it is likely that learnersand adults alike wodlhave an incorrect view of the

cause of moon phases.

These common misconceptions held by | earner ¢
or instructional model s (Callison & Wright,
in my experience as 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 tdmal dgprincipal source of content in

most classrooms as mentioned by Harnes & Jager (1981). In addition, téadherare
especially dependent on textbook material for teaching content may also communicate these
mi sconceptions t o @4 €rundle dt @&.a2002)eas shéy maybktdane , 2

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 iateoduced in England and Wales by

the NCS (National Curriculum for Science). The new learning area was called earth science.
King (2001) demonstrated that the teacherso
teachersdo wused t e xidrnbaboo.kSsice the teaghers lnad weale conbeht | n
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 texboooks to the | earnersd throug
illustrated the impact textbooks had on the teachers and, subsequently, on the learners that the

teachersvere educating.
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Wandersee, Mintzes, & Novak (1994) reviewed the claim that teachers holshnhe
misconceptions as learners and commented that the persistence of teachers having these
mi sconceptions fAimay be an effect of poor <co
al., 1994, p. 189). Science textbooks play a fundamental role bothcteeteand 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
dimensioml 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 tloé¢ qeale
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 includiagehlistic 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):

f
SUNBEAMS @

THRD QUARTER

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, itiaaficeable

that the earths 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 arauein

| earnersdé having napve misconceptions relati

11



To illustrate his point, Engestrom gives a realistic example in regards to scale, by mentioning

t h antrealily, if the sun were symbolized with a ball with a radius of litlerd0 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 suno (Engestrom, 1991, p . 248
Cohen & Lucas (1999) further point out that the diagrams drawn in textbooks may also fail to
exposethe direction in which the moon orbits. Furthermore, they note thatdmaeéhsional

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 textbookd ma y deri ve from the a
understanding; from poor attempts to simplify ideas for their pepitlers, or by inadequate

attempts to coach their writing to address the views of science that pupils aredikely a v e 0
(King, 2010, p. 584)T hi s may then cause a negative eff

alike.

Thus, a point of investigation in the present study was to investigate whether science
textbooks that are pr escre doreedt sciemtific lcantant one r s 6
moon phases. This may then show whether procedures followed by the South African
gover nment in analysing textbooks have meri
taking necessary measures in terms of analysing andsidigothe textbooks which have

accurate scientific content for | earner so.

Now that the most common misconceptions have been highlighted, the literature below
explores teachersdé and | earnersd conceptior
mi sconceptions contained by teachersd and |
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
possi ble to change mi scoenrcsedp thiaovnes. t hat teach

2.2.2 Teachers/Adults and Moon Phases

Al t hough this study | ooks at grade eight | e
|l iterature which concerns teacherso6/ adults i

how | ear nhavesdnstructediidleds they possess about the phases of the moon e.g.

12



through teaching. Following this idea, it is also likely that misconceptions held by the

|l earnersd6 would be similar to those of the t
Parents send their children to school to deuec a't e d , and teacherso6 are
these children understand concepts in the re
success in helping | earnersd wunderstand t he
knowledge of the subjet content: the teachersd content

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

reveal s about content knowledge or, moreover

If teachershave misconceptions about specific concepts, then chances areethaitle ar ner s
that they teachtoo will have the same misconceptions. Below, literature is explored to
determine what conceptions peer vi ce teaeheis@& amadchar sd h:
cause of moon phases. Evesethought keaahpes$d
importantto also establishpreer vi ce teachersd conceptions a
as this would inform us on the thinking ofservice teachers, so as to try and establish if a

link exist.

Schoon (1995) conducted a study in the American Midwest #blest conceptions pre
service teachersdéd had in terms of the caus
guestionnaire to 122 pieger vi ce teacher so, which contain
phases, and found that 62, 3 % of theepre r v i c e bdieva ¢chtdhe saise of the

moon phases was because of the earthodés shad:
in accordance to the most held misconception mentioned in the above section. Other similar
studies conducted earlier, by Dai & Capieq@p and Callison & Wright (1993) also found

that that the majority of the prieer vi ce teachersdé did not wunde
phases, and had the common misconception of

In the study of Callison & Wght (1993) for an example, 64 elementarypre r vi ce t each
were investigated on their ideas about the phases of the moon: before instruction commenced,

a pretest was administered tothefgeer vi ce t eacher so, and it we
teaches © had a scientific idea about the conce
instruction, there was a considerable change, as approximately 22% of tkervyice
teachersdé after intervention devel ofEed a sc
though this was a drastic improvement, there were stitspger vi ce t eacher sé (

holding nonscientific ideas in relation to the phases of the moon.
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Lookingatins er vi ce t e a chbeutmdon phasgSunemers &Mamnt conducted

a study where it focussed on an England and
place in the universeo. The theme contained
to deliver to their | earnersod6 through instru

One of the topics that feillvithin this theme was moon phases. Summer§i&nt (1995)
administered a questionnaire to 120 primary school teachers, where 57 of the questions asked
were cl osed questions. The majority of the 1
moon phasedo being that of a shadow blocking the moon. Most of these teachers said that it
was because of the earths6 shadow that caus

Summers &Mant (1995) are similar to those found ingeevice teachers.

From the abwee literature, it can be seen that4gervice teachers and-gervice teachetsave
nonscientific ideas about what causes the moon phases. Below, literature concerning
intervention studies will be explored, so as to establish whether it is possiblentpeamnon

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 r vi ce el ement ar yf t each
moon phases before, and aftestruction. Further, they investigated if conceptual change

was possible after instruction.

Before instruction took pl ace, when teacher
phases, it was found that el eveneptonstaboatf t he
the cause of moon phases while the remaining participant was unable to explain the cause of

moon phases at all.

The i nstruct i200na study todk rnimen wleeks @arsl involved the-samice
teachers recording their observations @& fhape of the moon over a nine week period. The

instruction involved the following activities bythepgee r vi ce t eacher so:

1 Preservice teacherso6 collecting visual dat
1 The data collected being analysed

1 After analysis, results being discudse

14



After the preservice teachers conducted the given activities, which were part of the
instruction, posttests were administered to the teachers, to test for their understanding of the
concept of the phases of the moon. The results obtained from thegtodémonstrated that

the teaching methodology used subsequently prompted scientific conceptual nddegsta

as al l t welve teachersd showed evidence of
phases 3veeks after instruction. It must also be noted that 3 weeks after the study, there was
no preservice teacher that held an alternate conception congeimenphases of the moon.
Further some of the teacherso6 (9 out of 12)

phases of the moon six months after the intervention.

The success of the teaching strategy used was based on a concept ternmdatai@nge,

where the concept was interwoven with pedagogical strategies. Conceptual change is a
concept aimed at changing incorrect saentific ideas to be scientific. There are processes
that an educator <can und etheyalterhatve viewy (Trundle get |
et al.,, 2007a). There are four characteristics that apply during instruction, where these
characteristics aim at restructuring resientific ideas (Vosniadou, 1991; 2003; in Trundle et
al.,2007a: 305). These are as fols

1. Conditions are created in whi athscentranyd ent s
to their beliefs.

2. Instruction provides clear explanations of scientific concepts, preferably through
conceptual models or analogies.

3. Instruction utilises demonstratis that show the scientific models and explanations
which are superior to nescientific concepons and explanatory frameworks.

4. Instruction promotes intentional learning, which is viewed by the learner as being
purposeful and is characterised by a higiel of metacognitive 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 chardatengll be explained briefly:
Characteristic 1 dealith 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 2involves the participant working with thee&acher 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 learnirgtiered.

The terms metaognition and selfegulation are constructs that are used in educational
literature, where different meanings are derived from these two terms (Dinsmore, Alexander
and Loughlin; 2008)They suggedthat the two terms, metaogntion and seHregulation 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 reseandhiée.

White (1998) makes mention that metagnition 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 abmésthe 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.

Ot her intervention studi es c annmpweementdintheor t e.
teachersd understandi ng of Mdhblland & &ians,2008; f mo o
and OgarBekiroglu, 2007) asxample.

Mulholland & Ginns (2008) conducted research with-ggevicet e a ¢ h feur gnivajsities

situated inhe United States of America and Australia.

The location of the universities made it possible for thespeer vi ce teacher s
perspective on observations in the Northern and Southern Hemisphere. This meant that the
preser vi ce t e ac haedim the Noithern Hemisphere csllected data of visual
aspect of the moon, and | i kewi se, teacherséo
online discussions amongst the teachersod in

administered so théhepres er vi ce teachersé could make ¢ omj
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data collected by the per vi ce teachersbo was posted 0
discussions). There were atotalof 72prer vi ce teachersdé involved
Tests were admisteredtothepre er vi ce teachersod to establish
phases of the moon before and after instruction. The same questions were used for the pre
and postests. The study looked particularly at the correctness of answers befoedter
instruction. The questions asked were related to 8 concepts relating to the moon, namely:

1T Period of the Moonds orbit around the ear
Direction of the Moondés orbit around the
Period of the Moon cycles of phases
Motion of the moon fronkEast to West
Phase and earth, sun and moon position
Phase location in sky time of observation relationship

Cause of Lunar phases

= =2 4 A4 -4 A -

Effect of lunar phase with change of location on earth.

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

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

i mprovement to happen. The intervemdvean use
better understanding of moon phenomena:

1 Thepreservice teachersod6 recorded the shape
the time and date of the observation made), and made comments about their
observations

T Thepreser vi ce t e acthddfereanées and siniilarities dnoobservations
made in the Northern and Southern Hemispheres

1 Thepreservice teachersd needed to try and e
based on observed data

T Learnerséd shared resul t sgivenmhotthemmabodt thEr om t
concept of the moon.

OganBekiroglu (2007) conducted research with 36 Turkishprer vi ce t eacher so
understanding of concepts relating to the moon. Like Mulholland & Ginns (2008), pre and
post-tests were conducted éstablishthepre e acher sé understanding o
the moon before and after instruction. In terms of the questions posed;Békjarglu

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

iftherewas a shi ft in the ment al model s of t he
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models are discussed in detail in section 2.5.2 within this chapter). Results revealed that
before instruction, At eacher s h eodels adolt theve d , [
moon and some | un aBekirogll 000 m.e5680). dHaviagOsych mental
model s meant that bef or e 4saestificrideas about conceptse a c h ¢
relating to the moon. T h e cnoost aangriensfic Mease r e t h
were the following:

1 Moon rise and moon set

1 The seeing of the same phase of the moon

1 The moons effect on the tides

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

1 Magnitude change in the appearance oftiienoon

1 The number of lunar eclipses
It was found however that after instruction, that some of thespger vi ce t eachers
model s shifted from Afl awed, i ncoherent or
models (OgasBekiroglu, 2007, p. 581)This meant that after intervention, some of the
t eacher s 6 - scleatfic ideaa dbouh then 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 gtly:

1 Weekly moon observations kept in journal entries

1 Feedbackgiventopeer vi ce teachersd.about their |c

1 Comparing of observations with peers, and looking for patterns

9 Construction of 3dimensional models to explain observed phenonoétize moon

1 Looking at sourcesto helpaidtheqeer vi ce teachersdé. to cons/
1 Presentation of models to the class, stating limitations of the models created

(OganBekiroglu, 2007, p. 564)

I n the studies mentioned, before instructic
understanding about the cause of moon phases. It was only after intervention, that there was
an i mprovement in the teacher s ochangealterrmte andi n

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 preervice 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 atfschool
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 beuwliffIn a school setting, it

is not possible to do such a task as timéeach a concept is limiteBlowever, at least one
characteristic from the list above can be incorporated into the education system through
textbooks: that being characteristic tvas 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 thgresent 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 Schooland 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. Rablgb 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 Il Grade 5 6-11

Middle School

Grade 6 Grade 8 | 11-14

High School

Grade 9 12 [ 17-18

While the literature analysed and learners involved in the restdreimder 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 observatiorspme knowledge of astronomical

phenomena | i ke moon phases (Lindel!/l & Ol sen.
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what causes moon phases would also provide

understanding moon phases in Middle School.

2.2.2c Elementary School Learners and Moon Phases

Since adults (by the likes of peervice and ils er vi ce teacherso6 expl
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 Plilips (1991) and, Bisard, Aron, FrancekNglson(1994)

shows that the common belief in both children and adults is the conceptitimetiearth csts

a shadow on mogrthis 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 theirsoamceptions 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. Thierditure explored looks at if there are

possibilities that | earnersé6é views about the
Trundl e et al ., (2007hb) il nvestigated fourth
means of visual representation on a piece of pdpare | ear ner sd wer e aske

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. fro t hese dr awi ngs, | earners

phases could be determined.

The research found that before instruction,
observable moon phases and the patterns of the cycle of the moon. After instruction,
howe\er, where the task involved the gathering, recording, and sharing of moon data (similar

to the instruction adopted for the meer vi c e teachersbo i n Trun
demonstrated a good understanding of the concepts.

Realistically again, itwoulp r ove t o be difficult to conduct
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 addregsi | ear ner sd exi st |
conceptions, but was based on a careful pl a
own understanding of astronomical phenomena, and reflecting on the change that occurs in
their understanding, was conducted by RB#r& Morran (2002). To establish whether the
methodology employed was successful, Barnett & Morran conductedamgneosisurvey,

and as well as a pfand postest interview on the participants. The studyparticular
investigated ideas that gradel5e ar ner s6 had about phases of
eclipses. The study involved 17 learners. The researchers found that the concepts of moon
phases, solar eclipse and lunar eclipse, were confused with each Btreett & Morran

(2002:875) concludk”" t hat i nstruction does not necessar
alternative frameworks to promote conceptual change”, but rather, instruction can be
designed in such a way that | earnerso throu
themselves their alternate views, and change their own views once they redlifeitha

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-61 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 32eobhish er s 6 i d e
about moon phases through sestructured interviews, came to the same concludiuet

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

l earnersd could correct | yrityeoktipellearnens intthe stsdy p h e n «
of Brunsell & Marks (2007), and Rider (2002) cited the most common misconception held
about the cause of the phases of the moon; the misconceptiorthmiagshadows cast on

the moon

Trundle et al., (2010) conductedsimilar 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 improweent in the understanding of moon phases and patterns afterwards.
This suggests that instruction had an i nfl

phases, and that procedures followed during instruction were successful.
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Interestingly, both the teactseand learners from the abereentioned studies had the same
alternate norscientific 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 wil be able to learn and understand correct scientific knowledge about the moon

phases.

From my observations as a student teacher during my year of studyi(2004), and as a
teacher in a school (20092013), science textbooks seem to be one of tmeipal 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 textboaknalis 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 owver 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, -fesit praedures as well as some
methodological proaures from these studies weaneorporated 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:

Concretel 2- dimensional and is ade of resistant materials
Verbal T description of entities and the relationships between them in a
representation

1 Symbolici consist of chemical symbols and formula, chemical equations and
mathematical expressions

1 Visual i use of graphs, diagramshd animation. Zlimensional representation of

diagrams
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1 Gesturali 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 thpss tof 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 a@ mlso considered in the present study, as

|l earnersd6 make use of models to explain obse

To determine whether learners understand the concept of what causes moon phases, learners
will be asked to explain their ideay lusing 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, Mi&tzLitvak, 2001). Redtive distances of

the earth, moon and sun, scale and movement are essential concepts that need to be
understood full with regard to moon phases. Typically, diagrammatic representations found

in textbooks are -Blimensional, whereas, in reality, the phemon of moon phases occurs

3di mensi onal ly. Thus, textbooks cannot cat

exhaustively.

In order for learners to understand astronomical phenomena such as moon phases, they may,
in some cases, be required to build maéntmodels, 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., 20@ither

words, karners wouldhus need tovisualise mentally if givenfor 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 insfrsattbat
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
The research conducted was inforniga 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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teacher8 r ecommendati ons. The | earners were choc
ability. Stahly et al ., used questionnaires

about moon phases before and after instruction.

The first lesson, involved findig o u't Il deas | earnersd had in
second lesson to the sixth lesson looked at the introduction of models: model of the sun, earth

and the moon. These mdslén a series of activitiesave used by learners to explore how the

moon wauld look like, with different positions of the sun, earth and the moon. Learners were
encouraged to do drawings, so It could be ai
al | |l earnersd drew scientificaltey,thereowasae ct dr

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 phasemteficteon took
place. The responses | earners6 gave after in
scientifically accurate aspectso (Stahly, 1¢
terms of | earnerso t hi oskblerwdgh the laid of usingnmanlels. p h a s
What is striking about this study though i s
changed about moon phases, where Stahly (199
would continue to hold inaccate views about moon phases, depending on what is
assimilated by the | earnersdé in their mental

Neverthel ess, this study stildl proved that
understanding concepts relating to the moon a bit bettber@tudies that included models

in instruction to help learners and adults {peevice teachers) improve their knowledge are
Barnett & Morran, 2002QganBekirogly, 2007;and Mulholland and Ginns2008 to name

but a few. Studies ddganBekiroglu (2007)and Mulholland and Ginns (2008) have already

been discussed

Barnett & Morran (2002) conducted research
school. The aim of the research was to look at whether strategies introduced in instruction
would help te | e aimprave théir understanding of astronomical phenomena. The

|l earnersd6 were given a total of 6 projects.
projects are reported on, that being the projects that involve the phases of the mdbe, and

l unar eclipse. The topi c wasmoton ofthe mdomamd i n |

phases ofantdlcddi mpesemsd and p(BamsttekdMoraaih, 200 @ 868)0 o n 6
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I wi || only focus on maisnwofte rmoonoahd tre phasesiofther o m t

moord6 as it is more relevant for the present s

The project was designed in such a way that
to successfully answer the questions posed by the project. The project givéndo | ear ner

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 orbservations to their peers

Exploring their observations using a 3 dimensional interactive computer model of the
earth, sun and the moon system

T A presentation at the end of the project

learnt.
Pre and posi nt er vi ews were <conducted to establis
concepts involving the moon so as to estab

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 Banett& Mor ranés project, the spheres givel
the relative positions of the sun, earth and the moon) to manipulateyaséhe providing

explanations to the questions posed.

Results reveal t hat before instruction, |l ear

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

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

that | earnersé were experiencing in explaini
that the difficulty was based on | earnerso

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

di scovered that 9 out of 17 |l earnersod6 i mpro

phases.

The studies of models in moon phases therefore have educationalgsutpas being able to

show competence in understanding the cause of moon phases by looking at the relationship of

25



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 mi@on can be used as an assessment in

determining whether | earnersd understand the

In the present study, to test whether textbooks are able to facilitate conceptual understanding
as to why moon phases o0 catmodels tolrepliaatermean phasesve r e
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 Zh@imensional depictions are adequate for learners to
develop a mental model in order to acquired@pth conceptual understanding of moon
phases. However, if learners are unable to model moon phases from textbook diagrammatic
representation successfultiljs may suggest thatdmensional depictions are inadequate for
learners to develop the necessary mental models in order to acquirgleputhinconceptual

understanding of moon phases.

2.4 Textbook Analysis

Swanepoel (2010: 8 ) alysid imtheesgaluatidn aftdata afoltetextboolo o k ¢
characteristics according t o explicitly st
characteristics of textbooks contribute to learning. The characteristics that were looked at in
addressing the first resea question (What is the quality of diagrams and explanations of

moon phases offered by gradé 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
At he analysis of a textbook is often the onl

iso ati ono (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 instrumewas 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 Mathenosaéind 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 isrgoortant 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 adequateosur ces of i nf ormation may help the |
the textbook contains information which 1is
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, shedd@n 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 (natureljiversity 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 thergent 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 ifficulties in dealing with the content of heat.

This may also explain why | earners6 may have
the textbooks they use may have alternate conceptions or information that is incorrect. Thus,
Leite found in hestudy that the content lacked accuracy.

In another study: Cho, Kah& 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 m@mined 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 tlextbooks (where concepts were related to one
another) were not interrelated to one anather

All three textbooks used terms interchangeably (the terms being allele and gene)
Mathematical aspects within the textbooks foster rote learning, rather thamiexpla

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 andfdiulty 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 thelist 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
Aprdoevd bases for misconceptions and difficul
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

acquisition of vital scientific concept formation.

2.5 Theoretical Framework

Crotty (1998), cited in Bodne% Or gi | | (2007) , defines the th
phil osophi cal stance i nf &Omill 20Y7: vih Bodnereahdh o d o | «
Orgill maintain that it is essential for a researcher to stagetheoretical 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 @dtieal framework for the
first phase of the research that being the analysis of graid@Matural Science textbooks.
The subsection personal constructivism justifies the use of this particular theoretical

framework.

2.5.1 Constructivism

Constructivism is defined as Ffrafing ofgxisinges s o
knowl edge that, despite many intermediate ¢
DiSessa& Roschelle, 1993, p. 123). This suggests that the previouddagavof 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 processestear s encount er i n

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
| e ar n eexiging idgas ® identify flaws in these preconceived ideas. With this process,
the teacher can then construct a lesson that will address ¢baes.iln 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 anrconstructivism, 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 hemairt characteristics which

promote constructivism.
Duban describes the characteristics as follows (2008: 394):

T Books should pay attention to studentsod i
knowledge. Therefore, books should contain conceptualgehgexts. In these texts,
through questions, studentsd prior knowl e

T To provide studentsd conceptual change, t
analogybased thinking consists of the definition and transfer of constructive

information from the known system to the new and relative system.
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1 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 sHdwbe 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).

1 In the course books, visual componeiitsidd 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.

f Learning develops through individual so6 i
shae 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 pservice teacher, going into schools to observe and conduct
lessons, | had noticed that schools that are said to be well resourced, not only conduct lessons
using electronic medi a, but provddendemxd tbanr
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, t eac h eoftextbgoksuoego reaa athome togegba p a g €
better understanding. Therefore, textbook analysis, which is addressed by the first research
guestion, can use constructivism as a theoretical framework to determine whether or not

textbooks aid conceptual changei | ear ner s6 t hrough the text a

With regard to the textbook and the learner, although teachers use the textbook as a
conceptual t ool i n pedagogi cal processes, B
who construct their knowledgdt 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 individuatneato meet hitier own needs

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

process of assimilation and accommodati on.
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integration of any sort of reality into a structore ( 2 0 0 3 : S17) . I n other

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 applya ifearner has a misconception which leads to
errors. Nesher (1987: 33) states that ndif we

a position to improve our set of beliefs. o T

Piaget thus sees learning asitation provoked by external structures, where learning is
only fApossible when there is active assi mi/l
after he is able acknowledge the shortcomings of his previous mental conceptions (2003:
S17).

The focusof 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 decoisdf this

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

textbooks to &imensional replications of moon phases using physical models.

The use of constructivism as a lens facilitates these investigatidnsaargenerate 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 achieliéstvalso 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 ehtextbooks. 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.

Thecoherence (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 id@a@gonnections among them.
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b) Clarify the ideas and connectiow#th effective representations.

c) lllustrate the application of the ideas to objects, evamtisprocesses in the real world.

d) Avoid the use of unnecessary technical terms or details that are bkdlgttact the

students from the main story.

(Roseman, Stern &oppal, 2010, p50)
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 misconceptansd) 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 text!/l
ousi de of the cl assroom. Learnerso rely on

assessment and further conceptual development.

Learners construct scientific knowledge not only from written texts, but also from visual
representations in textbosk 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 extbooks, and how this can facilitate meaningful association witkexpsting
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 determi ni ngnoomhet her

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 & Rosc@0@). 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 tredizgjow:

[ Mental Model ]

[ Complete ] [ Incomplete ]
[ Incoherent / Fragmented J [ Coherent ]

[ Correct J [ Flawed J

Figure 1. The mental model categorization by Chi and Roscoe (2002)

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 Aone in which propositions are not i nte
Roscoe, 2002, p6) I'f | earners are said to have such
cannot of fer consi stent and predictable exp

lacking a complete understanding of concepts.

A coherent mental model is when a learndersf propositions that are related with one
anot her i n an organised manner . |t i's said
when they are able to Agenerate explanati on

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

Within the coherent mental structure, there are further two categories. The one that needs
el aboration is the fl awed coherent ment al m
learner is said to have explanations and iptexhs that are consistent, but are flawed as the

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

Chi & Roscoe ma k e menti on t hat i a fl awed

propositions with a correct mental model, but theg aterconnected according to an

incorrect organising principled (Chi & RoOs
| earnersd®é may arrange models of the sun, ear
a full moon, but the explanation offered foe orientation of these models may be incorrect.

I n terms of compl eteness, It i's said that I

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

which the majority ofthé¢ e ar ner s6 conceptions are incorrec
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These ment al model s help to classify the ext
where this classification would enable one
understand moon phases or noeathe use of a textbook. As mentioned above, the physical
models thus can be used as an aid to deter
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
on the moon. Certainly researchers that vesqglored in the literature also came to the same
conclusion while conducting investigations and generalising their findiBgsctdr, 1989;
Schoon, 1995; & Stahly el., 1999) to name but a few.

These misconceptions however, can be changed, and mtiervetudies mentioned, showed

t hat there are various activities one coul c
around moon phases better. One method, where this method stood out in literature, was the
introduction of physical models in instrumt.

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 textEmRdimensional
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 pays a pivotal ra#¢ i n | liges inneents ®féunderstanding difficult topics

under astronomy education. For learners to understand these difficult topics, pedagogy relies
on specific instructional methodstioe | p | e ar n er ®therto changeddimaewsvay or
to be in accordance witbcientific 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 theoreticaframework 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
construtivism. 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] reviewd the literature pertaining to astronongueation, and concentrated on

the topic moon phases. | also reviewed literature pertaining to textbook analysis using a
constructivist approach. In this chapter, | will in detail elaborate on how thercleseas
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. | will

further discuss issues pertaining to validity and reliabilityyels as ethical considerations.

3.2 Methodology

A met hodology is defined as fAthe plan of act
coll ect and analyse data to answer the origi
this subsection, | W 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 ease 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 & MarshdlP99)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 thegeipf my research,

the direction taken as to what a case study is, is from Opie (2004), where he describes a case
study -daesptiihanstiundy of i nteractions of a sing
2004, p. 74).

To elaborate on the definitiggrovided by Opie about what a case study is, | will explain the

terms O0single instance6 and O6encl osed systen
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looks at one particular phenomenon, where the phenomenon is studied in great detail.
Studyinga 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 ddieciectin

a unique location for all participants.

The study concentrates on a group of 15 learners from one class, andegthiranalysis is

done about their understanding of the moon phases after using an education tool which is a
textbook. The casaithis 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 fo

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 alksstiqus the validity of the research

itself. Denscombe (2007) however argues that even though there is much criticism in relation
to the generalisation of results case study has an important role to play. Denscombe makes
mentionthat a case study mayayl an important role in research that may have an aspect
having the same characteristissichas the current study; that is looking at how learners
interpret 2dimensional textbook diagrams of moon phases todin&nsional model.

In relation to thessue 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 exarw®le, gi

us an idea on what other students in other schools may think about the cause of moon phases,
and what the cause of these leara¢henking may be. | therefore chose the case study
approach for my research as it was a suitable methodology to help foeeexpgreater

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 exisisdyethe research questions.
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3.3 Research Design

3.3.1 Piloting

Piloting is a process of pitesting 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 ingrument for textbook analysis was developed and piloted so as to identify the
weaknesshe draft instrument would have. This in turn could rsgimprove the instrument

to collect bettemeaningful data. The draft instrument contained columns which hetthg

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 researclinstrument

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 fron
the National Science Resources Centre assessment criteria for textbaoksm Swanep o el
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
Acriteria for judgi ngntosheinseumers. cont ent 0 was a
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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 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 theactled that an instrument with just a rating scale would not

provide the necessary informati, and thus this instrument waiscarded.

Another draft instrument was therefore developed, after looking at a variety of other
instruments used for textbook aysik. 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 walihelp 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
judgment of the resource. Use the space following each itemcbmments, including
relevant page numbers.

SAc¢ Strongly Agree SD¢ Strongly Disagree NA¢ Not Applicable

Content SA SD NA Comment
The science content |
accurate

The science content |
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 waseither 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 a
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 askeddbaubthe 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 getctiescent 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 diagr ams
textbook pages containingnoon diagrams were photocopied, to eliminate any doubt of
learners not having seellmagrams. 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 addnesfext 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. k&ooks were selected on the basis of whether moon phases content was
covered in the section of o6Planet Earth and

textbooks, two were grade 7 textbooks and two were grade 8 textbooks.

The criterion for the loosing 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 (R&asiedal
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, andtptebelow 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):

U Content: Evaluator examines the content of the resource to determine its accuracy
and elevancy.

U 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.

U Technical Design: Looks at technicabspects of the resource to determine if it
enhances learner accessibility and understanding.

U Social Consideration:Evaluators examine if there are any controversial or offensive

elements within the content.

Each of these foci has a set of criteria teathagainst (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] andségree [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 supplid as supporting arguments on to why a criterion falls into the SA, A, SD and D

columns.

41



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 (20p4The 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 thexist, | 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,

semistructured and unstructur@derviews

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 shortdrmateeanswers. In my research,

only 15 learners were interviewed, and thus is an inappropriate style to use for my research.
Furthermore, the type of study | conducted, sometimes allows for a probe, so that learners can
better explain themselves in detaihat they mean for a particular response. The type of
guestions used does not allow for a simple immediate answer, as learners have to explain

themselves in greater detail.

A semistructured interview, which is the style | chose for my research methodoris
flexible then a structured interview, and thus allows for more depth from a respondent Opie
(2004). It is mentioned by Opie (2004) thigits a style commonly used byadters studends

given the time frame in which the research is to be done.

An unstuctured interview is one where there is no direction from the onset, and direction is
determined by the respondents6é ideas while
conducted had specified questions on content, and had specific aims from théhosghis

type of style was also not appropriate.

For the semstructured 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 olges 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 thellustrations.
Selection of the school

The school selected is an-gitls school in Johannesburg. The reason for the selection of the
school was that | am currently an educator within the school, thus making it convenient to
easily access the learnersuigd 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, naking 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 tosl@aragganising 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 pirpose of the interview, 1§rade eight learners frome 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 thepate 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 lagers were selected from each category, and each gave

informed consent from their parents, and themselves to participate in the study.
Data collection

A semistructured interview schedule was used to obtain responses from interviewees. The
responses obtadal 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 whathey saw using-8imensional 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 foiinterpretive purposes. Again, learners were aware that they were to be
videotaped, as informed consent was given by the parents and the learners to-bepeideo

for the interview.

Copies of the instrument used to analyse the textljapkendix A)and inbrmed 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 engsire the validity of the data to be collected, my textbook instrument wasdéidated
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 schedulthe instruments was piloted to two learners in another
class not involved in the research,see if the questions wenet too difficult to answer by

the learners, or to see if there is no ambiguity.

Reliability of an instrument or data gathering pibaer e i s defined by Sca
extent to which a data gathering process p
(Scaife, 2004, p. 68). To increase the reliability of my textbook instrument, | analysed three
textbooks using the instrumeand recorded my results. | 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 | compared my results

with the 3 Natural gence educators, there was 100% correlation between the following
categories; instructional design, technical design and social considerations. The category
6contenté proved to have 95% correlation. T
natural seence 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 thatiti@y

had a valid point, as in everyday life, this is what is taught. The researchermeadion

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 & meoon 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 O6contento.

In terms of the interview schedule, the same questions were asked for all the participants

involved withthe interview.

3.5. Ethical Considerations

AEt hics has to do with the application of n

others, to promote the good, taldpe respectfu

Since my study pamti@gpandsyeshicdl mirciplesgnotecting pagicipants 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)dHsaimn research

this is achieved by providing participants with informed consent (Frankel & Siang, 1999).
The second principle of beneficence entaisximizing possible benefiter the participants,

and minimizing the possible harm from participation in the resd&remkel & Siang, 1999).

Thus the application of these principles can be seen as essential and applicable to my study.
Below is a short discussion of howptoposed to imgment these principles throughout my

study sathat ethcal standards and principles wexdhered to.

The first phase of the research involved analysing natural science textbooks used in schools,
from grade 63. Specifically, the quality of diagrams arext 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 thdahe findngs from my study werelelivered 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 autbonsent, 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 consentni 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 ompasticipation in this study wad

have no influence on their school records or their grades.

The selected group of participantsdéd that wo
were informed of their rights to refuse or to participate. Furthermore all video footage for
analysis waskept confidential and would only be viewed by the researcher and the

supervisor. Video footage will be stored securely to prevent any breach of confidentiality.

Participantsé anonymity wil!/| be protected ar
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 rebesa supervisor and academic

institution if any questionarose.
Informed Consent from Guardians and Principal of school

Il nformed consent was obtained from the par
participants were permitted to participatehe 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 plaeticipating secondary school
before the study commenced. Informed cohgeas obtained from the teachresponsible for
participants in the school before participants were permitted to participate in the study.
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3.6. Ethical Approval

Ethical approvalw a s obtained from the Uni versity
Research Committee (nemedical) [Wits School of Education]clearance number:
2011ECE130Candthe Gauteng Department of Educat{alearance 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 abthé 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 instruntens presented in chapter 4 and 5 respectively.
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Chapter 4

Analysis of Textbook Results

4.1. Introduction

In this chapter, | am going to concentrate on the first phase of the study: the analysis of th
six Natural Science textboak¥he order of the chapter will thus be as follows: first, 1 will
explain how the textbooks were analysed; | will then present the textbook analysis results,
relating my findings back to theory. The instrument used to analyse the textbooks was used to
ansver 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 groigo @fnsis

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 leamens 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 ttextbook 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 learsdor a more irdepth 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, andetdefaom
the below average group were chosen.

1 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 categthg,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 thecgueesi bhe mdWba phases?o0
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| 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 wihead 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 ColumbiaiMstry 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)'he reason for using the two instruments in conjunction
with each other is lmause 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 irstrument is in the format of aikert scale, where there are four rating categories,
namely: strongly agree, agrestrongly 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 cohn headings fits in well to answer the syulestions under

the first research question. The first sub question under research question number one, asks:
Aiwh a t mi sconceptions can be identifiTed by
characteristics under content and technical design found in the instrument help to address this
guestion where text is analysed, and a comparison is made in reference to the text and

diagrams presented by the textbook.

The second sufj u e st i o Whataséructsire is fpresented in relation to conceptual

devel opment 20 The <characteristicesratonsaviir i n s

address thement i oned guestion by relating t he
characteristics on what makes textbook constructive as discussed in Chapter 2 under

theoretical frameworks.
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As a remi nder of Dubanos (2008) character

characteristics of a constructivist book should contain:

Book shoul d cpmeavisuskhemedge;ear ner s o
Text with analogies should be used;
Book should try and eliminate misconceptions from everyday language;

There must be plenty of visual components present;

= =2 4 4 =

Interaction amongst learners should be encouraged (e.g. group work).

Thereasoi or using Dubands (2008) characteristic
does in terms of the manner i n which it i S

conceptual development.

Each characteristic presented by the instrument used for téx#malysis has a checklist so
as to know what to look for within the specified characteristic. In the appendépgpesndix
C), a table has been provided that summarises what one looks for within a characteristic as

perinstrument developed by the BritiSfolumbia Ministry of Education.
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4.3. Textbook Analysis Results

4.3.1 Grade 6 Textbook |
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®

Unit 5.12

Why does the Moon change its shape? NB see Teacher's Book

In Unit 5.11 we read about the ways people
: observed the Moon and looked for patterns in its

Figure 1 Sometimes the Moon
is a thin crescent like this, and
it goes down soon after sunset.

Comment 10

movement. In Unit 5.2 you looked at the Moon and
recorded its changing positions on one night. Its
position changed over a few hours, but you could
not see any change in its shape on that night.

But a few nights later, the Moon's shape looked
different. The Moon's shape changes as night follows [
night. Sometimes the Moon looks round and full, at
other times it looks like a thin crescent (say KRES-
int), as you see in Figure 1.

Figure 2 The Moon
may look like this on
the first day of the

Figure 5 Then the
Moon looks like this
after 21 days.

Figure 4 Then the
Moon looks like this
after 14 days.

Figure 3 The Moon
may look like this
after 7 days.

Comment 3 E>

I Figure 6 This photo was

Phases of the Moon.
- taken through a telescope.

Look at the edge between
the light and the dark areas.

phases of the Moon (say FAY-ziz). A phase is a period
of time. For example, you are in the Interme¥ate

Comment 1

rThe shapes we see in these four Figures are called

Phase at school. Next year, you will change Graxdes
\and you will go into the Senior Phase.

Why does the Moon look different as the nights pas:

If you look carefully at the Moon when it is like

Figure 3, you can see where the light part of the Moon
meets the dark part. With a telescope, you can see the
edges of the shadow more clearly — the edge looks like
Figure 6.

So when a part of the Moon seems to be missing, it is not
really missing. It is in shadow and we can see only the part
of the Moon that is in the light.

Comment 2 :>

Comment 11

94 Module 5 The Earth in space
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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 inthveyiclre 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 wdiehe sun is not shining on the surface of the moon.

Good explanations of moon phases use the terms illuminated and sunlittrathér i n
shadowb. I ncluding the statement that the mo
bring out the most comon misconceptions as mentioned in Baxter (1989), where it is said
that the majority of people think that the

Such a statement may-eaforce the misconception as being correct.
Comment 3

Further analysisfgpage 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 25 (e.g. the moon may look like this in 7, 14 and 21 days). This is again an
inaccuate 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 estgd 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 Aon the fir
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 erelitf 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
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 perceptionhut in science, this 1ot an accurate representation.

A third issue on page 94 is the textods att
| abell ed comment 1. The text states: AA phas
intermediate phase at school. Next ygamn) will change grades and you will go into the
Senior Phase. o0 This analogy is intended to n
not appropriate because no direct relation can be made of the moon phases, as the moon
phase is a repetitive cygland happens over and over again, whereas, if you are in the senior
phase of school, you candét go back to the i
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 whish Isss 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 oely @merg
page 95 through an activity that learners are supposed to be actively involved in using

models.

53



Comment 4

% Activity Use a model of the Earth, Sun and Moon

This model will help you understand why the
Moon's shape changes during the month. You must
do this activity outside, early in the morning while
the Sun is still low.

Begin with your back to the Sun. Hold out your
“Moon” in front of you, as you see in Figure 7. Your \
head is the Earth and you are looking from Africa.

1 Which phase of the model Moon do you see?

For every learner you

need:

1 A white ball to represent |
the Moon [

1 Enough space outside to
stand in the sunlight and
turn around

Now keep your arm stretched out and swing right around until the model Moon
is between you and the Sun. Now you see only the shadow side of your “Moon”
You are seeing new Moon.
Keep your arm stretched
out and move the “Moon”
to your right until a little
sunlight shines on the side
of the "Moon".
2 Which shape of the
Moon do you have now
— Figure 2, 3, 4 or 5?
3 Turn more to your right
until half the Moon has
light on it. Which shape
are you seeing now -
Figure 2, 3, 4 or 57
4 Turn your back to the Sun, so that you see light all over the side of the
Moon. Which shape of the Moon do you have now — Figure 2, 3, 4 or 57
5 Turn further to your right. Show your teacher
how you can get the shape in Figure 5.
The Moon takes about 29'/: days to go around the Earth
and come around to the same position it was in before.
6 If it were new Moon tonight, about how many days
will it take for the Moon to be full again?

Figure 7 Your head is the Earth. Your nose is Africa
Light
from the

[1in on the Earth and J
redl sun

“ | see a full Moon

B9

7 How many days will it take for the Moon to be a new
Moon again? Comment 9
Sometimes the Earth's shadow falls on the Moon. ’
We callthis an oclipse of the Moon,
l 8 Use the model to show an eclipse of the Moon. I
Module IThe Eartt ¥ J

Comment 4

Learners are given an activity to do on page 95, where it is hoped that the learners will

understand theause 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 presenteal,paint 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.
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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 M4 comment 7 Refers to the whole pagd

ﬁ' nit 5.13 When will NB See Teacher's Book

Figure 1 Easter is a time when people gather
at Moriah and in other Christian churches.

¥ B aa U[f .

Some religious festivals come once a
year, at a special time. For example,
many people come together at Moriah
for Christian church services at Easter.

In the Jewish religion, Passover is a
special religious occasion and it comes
near the time of a full Moon.

In the Hindu religion, Diwali or Deepavali

is the festival of lights and it reminds

Hindu people that light overcomes darkness.

This festival happens once a year, when the
= - > < S uUsS.

Figure 2 Jews remember the
Passover

In the Muslim religion, Ramadan is a holy month
of prayer that comes once a year. The month
Comment 6 - begins when an imam (= priest) sees the new
= —— = e

P

1 Find out what the shape of the Moon is at
Easter. Also find out why Christians have
Easter as a special time. Find out why Jews
remember the Passover.

Figure 3 Ramadan begins when
the new Moon is sighted.

2 How does the /imarm know when the month
of Ramadan mustrend? Find out what
Ramadan and Eid-ul-Fitr mean to Muslims

3 Find out how Hindus celebrate Diwali. Tamils
have the same celebration at the same time
of year, but they call it by a slightly different
name. What is that name?

Astronomers can predict when events in the
sky will happen.

All these special religious days come when the
Moon is in a certain position; people want to
know the date of the festival. In the next activity,
you will be like an astronomer. You must
observe the Moon for a week and then predict
the date of the full Moon.

96 Module 5 The Earth in space

. Comment 5 and 6

Focussing our attention to page @i§ure 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 thiss 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 statemi
ses the new moon, a thin crescent near the

observed earlier on page 94 about the new month beginning with a crescent.
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It is important to also note that in common language, as can be seen with the message
conveed in religious beliefs as highlighted on page 95, that the crescent is associated with
the new moon. But ifhe correct sciences to be taught to learnens should be made explicit

by the surce material that what is conveyed about spotting the nevwciescent is everyday
knowledge, andhat the everyday knowledge is different from that of the science knowledge
of what a full moon looks like. In this way, it helps learnsesthe contrasts and differences

with accepted knowledge ofieace, as oppodeo everyday amepted 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 watolknows 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 ilitesti by the differerfigures on page 94.
Although such an activity may create an understandirige cause of moon phasésarners

still would be uninformed of the rest of the shapes present in the moon cycle, since the focus
is only on the 4 shapes 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 crescerdam. 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 dwot 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 w@sognt is

56



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), thiswailbe 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.

Lol AR

Comment 8

ctivity Predict the date and place of the full Moon

This activity takes more than a week, and you must work

at home. You will-look for the new Moon at 7:00 p-m. on
- the first night and record where you saw it and what it
looked like. Your teacher will tell you when to begin your
observations.

In Unit 5.6 you chose a place at home to observe
the Sun. You found an east-marker, a west-marker

and a north-marker. You need those markers again, " Figure 5 Face North, and
to record the position of the Moon at 7:00 p.m. hold the page upright.
each night.

Face your north-marker and hold the page up, as
you see in Figure 5. Now look at where the Moon
is. Is it more west or more north? Draw it there.
Write the date and time. 5

Look at the Moon each night at the same time,
7:00 p.m. for seven nights. Bring your record to
school every dav._and show va cacha

4 Look at your record after a week. The Moon
L should be a half-Moon. On what date will the Moon be full?

5 Where will you see the Moon rise at 7:00 p-m. on
that date? Show the place on your curved line.

6 Use your model of the Sun-Moon-Earth system that you
acted out in Unit 12. Show the class why you think you
are correct about the date when you will see the full Moon.

Figure 6 Your record will look like this. Carry on for four more nights.

& Momw 2003
K/ ababowt 7-0D prn
"We Moz 2003
/ at absut 702 Pra

Wwese . Nortin
(poiints awsay fram you. on the grwnd) iz 4

Module 5 The Earth in space 97
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A comparson of pages 996 reveals thdollowing; although page 94 should introduce

i mportant concept s, and asks AWhy does the
on page 94 does not answer this question at all. Instead, the activity given on page 95 hopes
that learners will discovahe answer for themselves, if, of course, learners are able to do the
activity. The same problem can be seen on page 96, where the questivvihse n =~ wi | |
mo on b eThd quéstioR 6 not answered and, instead, an activity with the wrong
representatio 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 haa close relation to soland lunareclipses: thereforéné introduction of this
guestion 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 shadowsng 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 feasibléedmers 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 toneta dark classroom. By doing the activities at school
has the benefit of having a knowledgkateacher that iable to guide the learners through

the process.
Technical Design

The textbookvisual 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 i
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, asah be seethat some shapes l@abeen 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 chahtgsetpkace. It also
suggestghat at the beginning of each month, theom 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 peeged, 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 learg 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 theymake 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 comiins various units, where different content is covered per unit. This content

and knowledgewhen moving onto the next undan be considered as prior knowledge

learners would havevhen using the textbook in the order in which it is written. In this
partiaular 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 obsertieglyifollowed 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 th&&r e covered may thus a

previous knowledge.

There is evidencef conceptual change within the text when referring learners to previous
knowl edge. First, | earners woul d have com
observation of thenoon 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
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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 (2@@8jeved.

The textbook does not use text with analogies to help learners with conceptual change, but
does use an inquiflyased activity using models. The activity on page 95 (Refer to comment

4 page) has a particular educational objective, and that Isdmers 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 ctnd# at the role of an analogy and a model.

Literature makes mention that a model i's Al
cannot be experienced directly, 06 whereas an
conceptso (Col | Q05,p.rig4. dt ¢ trie that anelcannot exgerience 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 caneee 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 | iterature, It is mentioned that dnanal o
France & Tglor, 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 terrmentioned in the textbook is the wgstlase On page 94, the relatiship
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 fakbéer 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 te #®imilar 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 ad@dgh@ns correlate
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with one another.

diagrams presented, so as to show the learners how to go about carrying out a physical

With regard to the activities that learners have to do, there are also

activity such as the one on page 95. Therefore, charaictefissrom Duban (2008) is

achieved by the textbook

The

through these activities. Therefore, characteristic number 5 as mentioned by Duban (2008) is

not achieved in thisegard.

In summary, 4 characteristics out of a total of 5 are achieved by the textbook. This means that

textbook

however

does not encour age

the textbook hs a very high percentage ob#ing a tool to promote constructivism.

Data Summary:

Table 4.3a: Summary of data from textbook in respecto characteristics

Content SA|A | D |SD | NA | Summary of findings

The science content | 4 Pictures of the moon phase shown.

accurate Dark part of moon is a shadow.
Phase change occurs after 7 days.

The science content | X Phases of moonot explained in terms of position

current earth, sun and moon.

The level of difficulty is| x Use of language is simple.

appropriate for the

intended grade

The content relates to th X Explanation relating to real world is incomplete.

real world

The examples provided ar X 1*'day of moon cycle is suggested to be a cresce

appropriate Analogy used inappropriate.

Cultural portrayal brings X New moon is called a crescent.

forth  correct scientific

adaptations

Instructional Design SA|A | D | SD | NA | Summary of findings

Promotes engagement Impractical Activity.
Risks of activity in learners developir
misconceptions are high.
Cultural portrayal limits adequate engagement
moon phase activity.

Promotes active learning X Promotesngagement when activities get done.

Suitable  for intendec X No outcomes are stated by the textbook.

purpose

Concepts clearly X Heading in textbook does not correlate to the con

introduced presentedThe cultural meaning portrayed on a f
moon is irrelevant to the concept of moon phases
The activity (pg. 97) on the positioning of the mg
in the night sky may cause confusion on the m
phases (Might confuse with day night cycle).
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Instructional Design SA|A | D |SD | NA | Summary of findings

Concepts clearly develope Content does not address heading questions.
Eclipses are introduced in section of moon phase

Concepts clearly X Concepts not summarised.

summarised

Linguistic level is| X Linguistic levelappropriate for learner.

appropriate for audience

Nontechnical vocabulary X Language used appropriately in trying to expl

is appropriate concepts.

Technical terms ar{ x Technical term used i 4

consistently explained

explained/introduced

Activities are appropriaty X Learners may not be able to do the activities.

for level

Technical Design SA|A | D | SD | NA | Summary of findings

The relation between tey x The text relates to the picture.

and pictures is accurate

The textbook  visua X 4 phases represented where each phase is 7

representation of the moc apart.

phases are accurate Phases not in correct sequence.

The illustrations/visuals ar X lllustrations are ambiguous.

clear and unambiguous

Social Considerations SA|A | D | SD | NA | Summary of findings

Language use [ X Language is grade and age appropriate.

appropriate

The textbook proved to be a good tool to promote constructivism amongst learners who
would have the privilege of using the textbook. Despite téndbook being a good
constructivist tool, there proved to be some oid associated with the contemid design

of the textbook.

In terms of the content, it can be seen from the table that the textbook was problematic in
delivering contenthat was south and correct. Content covered in the textbook that was
problematic was based on tlieand 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 textboolc ont r i butes to the much held misconc
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 waacthidt 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 discovertfmselves the cause of the different shapes. What

62



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 dattwhaving adult supervision. The fact that the learner needs to
conduct the activity in the early hours of the morning, runs the risk ohdaam adult
assisting the chilavithout having theknowledge 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 surhi3 way, learners may befit 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 #very 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 presesngdestshat 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 hbe 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 texttbato 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 elpldieir 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 aklibetmoon phasesand the causes of the moon

phases. Such storiesuld helpenhance learnewsderstanding 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 communicattddethat

crescent moon represents a new mdmu;it would be rather advisable that thtextbook
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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 mdds would then be a good step in

achieving to communicate tleerrect science to the learners.

4.3.2 Grade 6 textbook Il
Negative aspects of the textbook

Content
Comment 1

Onpage 107 below, the title fAiShapes of the M
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 vonetiesituated in the

Northern or Southern hemisphere:

The Moon is a small world that moves around the F;.u’lh,lll has no light of
its own. It shines because it is reflecung hight from the sun. There is no

air on the Moon and no water. The Moon is made of a type of rock that is

L / Comment2 | }

All about the Moon il
\

|

i

|

<l almost the same as that which the Earth is made of. The Moon is 3 476
I. If you km across, which is about one quarter of the distance across the Earth.
& The Moon has three main kinds of features on it. The rougher, lighter-
? What B { coloured parts are highlands or mountains. They have been battered by
7 meteorites and asteroids for millions of years. The largest punched {
as you 3 through the surface rocks to the liquid interior. Warm lava gushed out to ['.
rrent ) cover large lowland areas of the surface and then solidified. [
igh- 4 The darker, smoother parts are the lowlands. These large dark areas |
me are sometimes called seas, because early astronomers believed they were |
your made of water. %i
1 see The small marks are craters left by large space objects (meteorites) that |
hit the surface of the Moon very hard. If you look carefully you might b |
even see that there are lines spreading out from the craters, which shows 5{
how hard the meteorites must have hit. 13
i
[Shapes of the Moon ] <——1| Comment1 |
d look for ]
f }
Moon & First crescent Full Moon Last crescent L
|
<——| Comment 3
New Moon First quarter Last quarter New Moon gi
#
i
!
This diagram shows the shapes of the Moon you ’j
might have drawn in Activity 4. As the Moon
moves around the Earth, the Sun shines on A
different parts of it. We can only see those parts of "j
the Moon that are in the sunshine. This is why the ‘
Moon seems to change its shape. It is because the i
parts we can’t see are in shadow. |
|
[
!

107
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Anot her piece of information which |l acks acc
only see parts of the moon that are in suns
text does not expia fully that what we see is the part of the moon which faces us, which is

only the one side of the moohhe 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 tigrefdrk, 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 #nAthe parts we
moon simply t ellightig sot reflecet. Suchh & stakemeamtorainforces the

conception that the reason for the moon phas
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 timieighathitappening,

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 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 maaundergoes aomplete cyclever a period of 29, 5 days,

as seen from the earth.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 grades level.

Another inaccurate poirdn page 107 is the attempt to give an explanation of what the moon
is. The textbook states the moon is a fismall
the moon moves around the earth is accurate, but desdtigimgoon 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 sequenatiich 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 NASMational Aeronautics and Space
Administration)has made, thatégh moondés surface contains wat e
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 @bes 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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African stories

: One of the African —
. stories about the Moon exp s - 2

how the Moon changes from full moon to new moon and back again.

; In this story the Sun was once a man who made it day when he

2 raised his arms, for a powerful light shone from his armpits. But as

he grew old and slept too long, the people grew cold. Children crept

up on him, and threw him into the sky, where he became round and

has stayed warm and bright ever since. Another story says the Moon is

a man who has angered the Sun. Every month the Moon reaches

: round prosperity, but the Sun’s knife then cuts away pieces until

¢ finally only a tiny piece is left, which the Moon pleads should be left

for hlS children. It is from this piece that the Moq\graliu?ly ys

to become full. /

In Khoisan life hunnng by the light of the
Full Moon is usually successful. But it was
considered bad luck to look at the Full
Moon at the time of shooting an animal
because hyenas or lions might eat the
wounded animal. This is of very practical
value. Can you work out why? Hint: Khoisan
hunters use bows and arrows and they
might have to follow the wounded animal
for some way before they can catch it.

Proverbs about the Moon

There are many proverbs about the Moon. Some have scientific accuracy,
for example, Clear Moon, frost soon. If the Moon is clear in winter, it means
there is no cloud and then it could be a cold night with frost.

What are your ideas about the Moon?

the Moon. For each one try to find out if the story or proverb has a
practical value, and if there is any scientific truth in what it is saying.

105
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Comment 4

As a group project collect all the ideas, proverbs and stories you can about <:5, Comment 5




The Moon
! Map the Moon

| 1. Find out when it will be Full Moon. Many diaries contain

information about the phases of the Moon.

Plan to go outside one evening when the Moon is full. If you

_go out at about 6 p.m. you could watch it rising.

3. Look at the Moon. How big do you think the Moon is? What
do you think it is made of?

4. On your sheet of paper draw a round Moon as large as you o
can. Now look at the real Moon. Do you see the different
shapes on it? See if you notice the light-coloured, rough-
looking parts, darker-coloured, smoother parts and some
marks that look a bit like holes. Add these shapes to your
drawing. Try to draw them in the same areas that you see
them on the real Moon.

5. What do you think these shapes are?

p
pinoculars,
if possib

Keep a Moon journal

1. Every third or fourth night for a month, go outside and look for

the Moon.
Draw its shape (you will notice that the shape of the Moon

Comment 5

changes each time you go out).
Next to each drawing, write the date and the time.

"~ 4. Why do you think the Moon has different shapes?
What happens to the missing parts of the Moon?
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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
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 thetaio 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 aldeato 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 diagrarshown. Instead of showing the relationsbiighe sun, earth

and the moomelative 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 acaunaageC07,

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 qoroa. 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 thst 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 waxingibbous.

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

69



in the textbook are correct in terms of sequence, and that tigesnoé 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). Afer 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 crescentscéuise
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 #agdgde,

profanity, prejudiced terms, slang, or incorrect grammar.
Positive aspects of the textbook

The | anguage used in the textbook is approp
activities in the textbook bring about important scientific aggtions. 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 sewiconvey 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 itsycle.

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 adtjagement among

the learners. Page 105 introduces stories that are used in different cultures to explain the
moon phases and why they occur from a-scientific perspective. On page 105, the learners

are then given an activity to engage with the differgories 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 iatact 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 workriougs 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 abounoon 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
perspectiveand 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 theection 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 learnerSince no attention is paid to prior knowledge, it can be concluded

t hat Dubanodés first characteristic is not ach

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,rand 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 irthe 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
t hat without the use of anal ogies and model

achievdl.

On page 107 of the textbook, the phases of t
(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 mean dhatable to
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observe in thesky. 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. InHacgxplanation 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 supposeave:ithat 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. Beang t hi s i n mind, it can be said
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. Theheredote 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'tbkatacteristic of Duban (2008) is

achieved.

The textbook contains five activitieShe book does not consider all tasks as activities, but |
will briefly summarise the tasks to show that they can be considered activities. The five

activities entail the following:

U Learners collect ideas, proverbs and stories about the moon and tryroicketdé
there are any scientific truths attached to them. (Group work activity)

0 Activity which involves finding out information about the moon through research
and observation.

U An activity which involves keeping a moon journal.

U An activity which involvesnterviews with parents and older relatives.

0 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 thmajority of the remaining activities. Since there is such a small
amount of group work, it can also be said thBtcharacteristic of Duban (2008) is not

achieved.
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In summary, 1 characteristic out of a total of 5 is achieved by the textbook. This im&ans t

the textbook Bs a very high percentage of lieing a tool that does not promote

constructivism. This means that learning with such a textbook will not necessarily enhance

|l earner so

Data Summary

conceptual

devel opment in | earni

Table 4.3b: Summary of data from textbook in respect to characteristics

Content SA SD | NA | Summary of findings

The science content | Wording of text causes confusion.

accurate Information left out in terms of the movement
sun, earth anchoon.
No reference made to the moon being half lit all
time.
There is a shadow on the part of the moon we ca
see.
The moon is described

The science content | Information about no water on the moon is outdat

current Omissions in text and diagrams.

The level of difficulty is Language used is simple to understand.

appropriate for the intende

grade

The content relates to th There is a relation (?) in terms of what is observe

real world

The examplegrovided are Waxing gibbous and waning crescent left out.

appropriate The example of a waxing crescent moon
inaccurate.

Cultural portrayal bringg x Cultural portrayal of moon may bring forth corre

forth  correct  scientifig conception of moon phases.

adaptations

Instructional Design SA SD | NA | Suymmary of findings

Promotes engagement X Learners engage with different cultural stories
moon phases.
Learners are encouraged to extract scientific fact
Learners are encouraged tiserve and interprg
what they observe.

Promotes active learning | X Learners are encouraged by the activity to inter,
their own observations and use their own thinking

Suitable for intende( X No outcomes stated.

purpose

Concepts clearly introduce( x Progression of concepts is smooth and logical.

Concepts clearly developec Activities do not relate cultural stories presenteq
moon phases.
No definition of a moon phase provided.
Sequence of moon phases is natrongly
emphasised.

Concepts clearly x Concepts summarised at end of section.

summarised

73

ng



Instructional Design SA SD | NA | Symmary of findings

Linguistic level is| X Linguistic level appropriate for grade and age.
appropriate for audience

Non-technical vocabulary i Language used appropriately in explaining conce
appropriate

Technical terms ar X No technical terms used.

consistently

explained/introduced

Activities are appropriat{ x Activities appropriate fograde and age.

for level

Technical Design SA SD | NA | Summary of findings

The relation between te What is explained in text is not shown on |
and pictures is accurate diagram.

The textbook visual X Sequence of moon phases is incorrect.
representation of the mod Two moon shapes left out.

phases are accurate

The illustrations/visuals ar, X lllustrations ambiguous because of omitted m
clear and unambiguous shapes.

Social Considerations SA SD | NA | Summary of findings

Language use @ppropriate | X Language use is appropriate for learners.

Looking closely at the table, under the charactertintent 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
headi

t hat recei

v ed

a

ti

c k

U The scientific content is accurate

U The content is current

U The examples provided are appropriate

It can be seen that, on the contrary, the content is poor and contains misconceptions which

under the col umn

learners may internalise while learning the underlying concepts o ploases.

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 quafity slight changes made to

the textbook, especially the section of moon phases, could enhance the textbook.
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.4'3'3, Grade 7 Textbook |

\

SECTION 4+,

IIIIIII l/ : - : o
chapter | The effect the sun and moon have

on the Earth

_| In this chapter

You will learn:

o that the movements of the moon and Earth
together around the sun cause the phases of the
moon, tides and eclipses

o about the phases of the moon

o what tides are and what causes them

o about solar and lunar eclipses.

You will:

o find information from pictures and diagrams

o make links between something that happens, and
its causes

o give explanations

o make a poster.

You will think about:

o how tides affect the things people do

o why we see the phases of the moon the way we do
o what it would feel like to watch a total eclipse.

1. The moon

1.1 The phases of the moon

Figure 1 on page 148 shows the moon at different times
in the month. You will see that the moon is a different
shape in each picture. These different shapes are called
the phases of the moon. Each phase has a name.

The phases that you see in Figure 1 are (from left to

right): first crescent, first quarter, waxing gibbous, full <::| Comment 1
moon, waning gibbous, last quarter and last crescent.

LO1 AS: Plans investigations. LO2 AS: Recalls meaningful information.
AS: Evaluates data and communicates findings. AS: Categorises information.
AS: Interprets information. 1 47
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!

Comment 1

Realist Moon Diagrams

When the moon is
woxing, the part we
see of it is getting
bigger.

When the moon is
waning, the part we
see of it is getting
smaller.

148

™~

A\,

Comment 1

Figure 1: The phases of the moon

If you look at the shapes of the moon from left to
right, you will see that the moon looks like it grows
bigger, until full moon, and then it gets smaller again,
until it is almost invisible. As it is growing bigger, we
say that it is waxing. As it grows smaller, we say that

it is waning. Comment 2

1.2 Why does the moon have phases? /

|The movement of the moon around the Earth means|
that we see a different portion (part) of that half of the
moon that is lit at different times. Figure 2 will help
you think about why this is so.

T

Comment 2

Figure 2: The phases of the moon in the Southern hemisphere
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Negativeaspects 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 ispeaiing 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 e&ld. 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 examplggen, 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 wéng 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 stdt¢ghat 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 mentned, itcould also be mentioned thidite 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 fearners 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 problemsnfaz less 6 wuimgd er st a

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.

78



ACTIVITY 1: Find out why the moon has phoses J

1. Discuss these questions with your partner and then write your

<

Y

Comment 3

answers about what Figure 2 shows in your workbook.
a. How much of the moon is lit by the sun in each position?
b. How much of the moon can we see from Earth in any of
its positions?
2. Put a piece of paper over the moon to cover the part we can't
see from the Earth, and to show the part we can see.
3. Do this for each of the positions.
4. |s the part we can see the same as the lit part?
5. Draw the shape 6f the lit part we can see for each position.
6. Match the shapes with those in Figure 1, and name each one.
7. Write a short explanation of why the moon looks different at
different times in the month. Share your ideas with the class.
2. Tides

Many people’s lives are affected by the
tides. Think of how tides affect your life.

We must load the cargo
quickly. The tide will be high
at 1800, and we must set
sail at that time or we will
be delayed by 12 hours!

ACTIVITY 2: What are tides? -

1. Read what these people have to say about
the tides.
a. How many types of tides are mentioned?
b. What do you think is meant by 'the tide'?
c. Have you or anyone you know been affected
in any way by the tide? Share your ideas £
with each other, and then with the class.

Both these people are talking about the regular rise and
fall of the water of the sea. This regular rise and fall is
known as the ‘tide’. When the water level rises, we say
that the tide is high, and when it falls, we say that the
tide is low. At certain times, the high tide is very high,
and the low tide very low. These very high, high tides
are called spring high tides, and the very low, low
tides are called spring low tides. At other times, the
high tide is lower and the low tide higher than usual.
These tides are called neap tides.

Positive aspects of the textbook

| come to collect mussels at

low tide, when the rocks

are not completely covered

by water.

Spring high tides
are when the high tide
is very high.

Spring low tides are
when the low tide is
very low.

Neap tides are when
the high tide is lower
than normal and the
low tide is higher
than normal.

149

The textbook uses an important keyword to illustrate something that we observe, but which is

not

il

necessarily
t he

true:

ooks I|Iikeo moon i s

t hat
g e t titisngt. What ¢ goed

word i

S

Al

ooks

or

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.
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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 textbookds abhwndersi@dndinge nsi or
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 pghasde cause of

the moon phases is duethe 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.
ADIi scuss these questions wit h alpoatwhat figuaer2t ner
shows in the workbook. o The | earners are the
the class on the different shapes of the moon. This has many instructional benefits, as a

teacher can deter mi ne ornoacorcepts arecearly dnderseap on s e

On page 149, the questions asked do encourage active learning, as learners are encouraged to
draw a picture of what they think the moon woutshK like at different positions. The
learnersare then encouraged to cpare 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 eacipen
completion. The exercise given to the learners on page 149 therefore enables learners to work

towards thentended purpose of the chapter

The development of ideas and concepts is smooth. Explanations and illustrations are
available where nessaryso learners can relatghat 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 witleirséime 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 taharacteristic one according to Duban (2008), there is no evidence within the
text and activities that examines a | earner
concepts pertaining to the phases of the moon that were covered within the. dhagbis

regard, characteristic one is not achieved by the textbook.

On page 148, rather than an analogy to explain theses of the moon phases, a 2

dimensional model is used.

It was discussed earlier that the models havee or lesshe same effecs 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 mbasgs. This allows for characteristic

t wo of Dubandés (2008) characteristics to be

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 sciémadhe first
instance, an i mportant keyword is wused, and
fact that the moon is not really getting bigger, and thus addresses this misconception by the
use of the keyword. Secondly, the scientific terrtogy 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 experiene them on earth, and then following with a dfmensional 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 leming is encouraged by the activitipsesented 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 encounagkdto

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 lsaracteristics 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 SD | NA | Summary of findings

The science content | Book uses an interchange of scientific and every

accurate terms.

Difference between waning and waxing explain
but terms not evident in naming moon phases.
Important keyworduseds fiseem. O

The science content | Not mentioned that earth goes around sun in orbi

current Mentioned subtly that moon is half lit all the time.

The level of difficulty is| x More detail given, but in simplelanguage

appropriate for the intende appropriate for age and grade.

grade

The content relates to th x Observation of different moon shapes is explai

real world by looking at positions of sun, earth and moon.

The examples provided a No new moon is shown in thmoon cycle.

appropriate

Cultural portrayal brings X No cultural portrayals presented in the textbook.

forth  correct  scientific

adaptations

Instructional Design SA SD | NA | Summary of findings

Promotes engagement X Learners given activity to relate twdimensional
drawings of moon shapes to position of sun, e
and moon.

Promotes active learning Learners, in activity on pg. 149 question 5, are as
to draw what moon would look like given positi
of sun, earth and moon.

Suitable  for intende( x Activities given help lead learners to intend

purpose outcomes.

Concepts clearly introduce( x Concepts build on each other.

Concepts clearly developeq x Developments of ideas are smooth.

Explanations and illustration available wh¢
necessary.
Explanations and examples are relevant.

Concepts clearly x On pg. 154, there is a focused question, (Po

summarised which may form part of summary.

Linguistic level is| X Linguistic level is appropriate feige and grade ¢

appropriate for audience learner.

Non-technical vocabulary i x Language used is appropriate in explain

appropriate underlying concepts.

Technical terms ar X No technical terms used.

consistently

explained/introduced

Activities are appropriat{ x Activities given appropriate for grade and age.

for level
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Technical Design SA|A | D |SD | NA | Summary of findings

The relation between te X There is one omission: that of the new moon.
and pictures is accurate
The textbook visua X Correct, but still new moon missing.

representation of thenoon
phases is accurate

The illustrations/visuals ar X One moon shape type is omitted within {

clear and unambiguous illustrations.

Social Considerations SA|A | D |SD | NA | Summary of findings

Language use @&ppropriate | X Language use is appropriate for the grade and a
learner.

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 thougirehesies
in the agree columas opposed to there being ticks in the strongly agree colsuggests

that the content is not entirely correct.

In terms of technical design, the representation of the diagrams is accurate to a certain extent.

There ae only a few problematic items, but 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 chapternist beneficial. This is betise 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 l@ol 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 thegires are represented. The concern therefore, is the fact

that learners may tend to think that another possible explanation for the cause of moon phases
i's that the earthés shadow is <cast on the
discussed in Chapte.
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Although it was only about 8 a.m., the sky became
darker and darker. Birds sang as they do in the

. ! evening, and flowers closed as they do at night time.
A total e""h‘Pse 12 Finally it became dark enough to see some of the
brighter stars in the sky, which are usually invisible
during the day because of the sun’s bright light. People
in Limpopo Province saw a total eclipse.

when then view of the
sun is totally blocked
by the moon.

Compare Pic to that A
of pg 148 (Comment |:|,>

in this point

mentioned in above
paragraph.

»HOCK

Figure 7: This is what you see during a total eclipse

People in other parts of South Africa did not see as

A partinl. ee(ipse is much of a change as those in Limpopo Province.
when the view of the Figure 8 shows what people the rest of South Africa
sun is only partly saw. These people saw a partial eclipse.

blocked by the moon.

Figure 8: This what you see during a partial eclipse

Such amazing sights have been seen from time to time
through the ages. These eclipses happen when the
moon moves directly between the Earth and the sun in
just the right way for the shadow of the moon to fall on
part of the Earth. This is shown in Figure 9.

Anyone standing in the shadow will have
their view of the sun blocked by the
moon. Depending on where in the shadow
they are standing, they will either see a
partial or a total eclipse.

Figure 10 shows the shadow of the moon
reaching the Earth. You can see that
there are two parts to the shadow.

Figure 9: A solar eclipse

152
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4.3.4 Grade 7 Textbook Il

90

Tides and the phases of
the Moon

When you look into the sky at night you sometimes see the Moon. The Moon
shines because it reflects sunlight. At different times, you will see that the
Moon appears to be a different shape or in a different phase. This is because
you ser_dﬁa:mLp.arts of the Moon lit up by the Sun, as the Moon orbits the
___ +=h.[The Moon takes 29,5 days to orbit the Eanh.]As it moves, the Moon
affects the level of the sea. These changes in fheTevel of the sea are called tides.

Comment 1

s 5 5 Comment 2

sunlight

m—

Comment4 |[—» e

N

—_—
—_—

new moon first quarter full moon last quarter crescent

1 2 3 4 5 6 A 8 9

The phases of the Moon

You can't see the Moon when it is between the Sun and the Earth. This is
called the new Moon. About a day later, you can see the first crescent, a small,
thin slice of the Moon. In the southern hemisphere this thin crescent is on the
left hand side of the Moon. This crescent Moon is visible just after sunset.
Comment 2 [ > ljhe slice of the Moon waxes Or grows bigger fintil it reaches the first
quarter and is when the Moon appears half lit. When the Moon is between
first quarter and full, itis called a gibbous Moon. Once it has reached full
Moon, the Moon wanes or the sunlit part of it becomes less until it reaches
the last quarter. Finally the Moon becomes a thin crescent again, lit up on the
right-hand side and is visible just before sunrise. )

ps / Use a model to experience the phases of the Moon (LO2 AS3)
will need: an old cricket ball (or any other small ball), painted white; \
ma}l stick; Prestik; a bright light, such as an overhead projector light or ]
lamp light.

Work in small groups to attach the ball to the short stick with the Prestik. Hold
e stick at arm’s length. Each group member must take a turn to do this.
witch on the light and hold the ball between yourself and the light. The
ght represents the Sun, and the ball, which you cannot see clearly, the

Comment 3 |:‘> ‘

Integration — Activity 1: Mathematics LO3: works with space and shape; Social Sciences, Geography LO1: uses enquiry skills, LO2: demonstrates knowledge and

understanding, LO3: exploring issues — makes informed decisions
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Planet Earth and Beyond

our arm straight in front of you, turn slowly in a clockwise \
You will see a thin crescent appearing on the left side of the ball.
Il grow until it becomes a full Moon. You will now be between the light

91

Comment 3

Tides

The Moon and the Sun both exert a force on the Earth and its seas. The pull of
the Moon is larger than that of the Sun because the Moon is so much closer.
At full Moon and new Moon, both the Sun and Moon pull in the same line so
the tides of the sea are slightly higher thah normal. They are called spring
tides. Spring tides happen twice a month. Between the full and new Moon,
the tides are not as high. When the Moon is in either the first or last quarter,
the Sun and Moon are pulling at right angles to each other and the tides are
slightly lower than normal. These are called neap tides. Because the Earth
spins once a day there will be two high and two low tides each day.

Challenge: Why are there two tides each day?

Spring tides Neap tides

Moon O

Earth

to the Sun

D

Moon

The Moon has an effect on the tides.
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Negativeaspect 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 evergnth. 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 aspectf 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 tirhé tbeor

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 ingrthe 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 cydtejnust again be
highlighted that a possible omission of explainialgy 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 i s mentioned that t he
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 statggetsbigger.

What is of interest in #h diagranthoughis 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 thefathérehal

moon.
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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 increasihgrstanding 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 refletdstes 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 thisidea, 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 nsesrapha
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 apieofor 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 nsey/thbee

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 mbasgs areotrestricted in the way

they undergo change.g. that there are only 8 phasds)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 diagramsisown is that the diagrams show in summary what

exactly the moon would &k like at agiven position.
Social Considerations

Language usage of the textbook is appropriate. There is no evidence of trendy language,
profanity, prejudice terms, slang, or in@gt 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 phasegiue 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
obseve the shape of the model moon in various positions.

Constructivist Promotion of the textbook

The textbook on page 90, taps into the | ear
textbook taps into concerns what learners would notice when they totile anoon. It

assumes that at one stage or another, the learners haddea different shapes of the

moon when they observe the moon in the eveoinduring the day sometimekl is not an

idea that is fafetched as learners, irrespective of whdreytcome 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 learnerstte 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 miadotéristic one is
achieved.

Again, a 2dimensional 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 se 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, haviugrersional
representatioras the one represented in the textb@wolables learners to understand the
effects of what they observe. In this regard, as mentioned with the oitiereBsional

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
commonlanguage wordigge, and again the scientific word waning is used in the same line
with the everyday language woless not much is explained by the choice of words within

the text. Not explaining the scientific terms with everyday languaggy -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 moo undergoing phase changes apgears 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 sktivevposition 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 9091, an activity is given to learners to model the phases of the moon and to use
observation to look out for éndifferent 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 hgxtimok. This means that

the textbook has a very high percentagi béing 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 SD | NA | Summary of findings
The science content i Text suggests that whole moon is lit at differ
accurate times.
Diagram of moon is used to represeatth.
Text mentions seven phases moon undergoes,
picture shows 12 kinds of moon representations.
The science content | X Information is current, as different positions of s
current earth moon are shown for different moon shapes
The level of difficulty is Level of difficulty is appropriate, but text ar
appropriate for the intende picture relation may cause confusion.
grade
The content relates to th x There is a link with what is seen in night sky, &
real world positions ofsun, earth and the moon.
The examples provided a| x Examples given appropriate for grade and age.
appropriate
Cultural portrayal brings X No cultural portrayal evident in book.
forth  correct  scientific
adaptations
Instructional Design SA SD | NA | Summary of findings
Promotes engagement X Activity on pg. 90 encourages modelling of mg
phases.
Promotes active learning | X Through modelling, learners may internalise cg
of moon phases.
Suitable for intendeg X No outcomestated in textbook.
purpose
Concepts clearly introduce( x Introduction of concepts is smooth and logical.
Concepts clearly developeq x Explanations are available where necessary.
Concepts clearly X No evidence of concepts beisgmmarised.
summarised
Linguistic level is| X Linguistic level appropriate for grade and age.
appropriate for audience
Non-technical vocabulary i x Vocabulary is appropriate.
appropriate
Technical terms ar X Thereare no technical terms used.
consistently
explained/introduced
Activities are appropriat{ x Activities are realistic and appropriate.
for level
Technical Design SA SD | NA | Summary of findings
The relation between tey x Text and pictures relate to oaaother.
and pictures is accurate
The textbook visua x The traditional 8 phases of the moon is not brot
representation of the mod about the representations.
phases is accurate
The Iillustrations/visuals ar X lllustrations may be ambiguous ftre fact that 12
clear and unambiguous moon phases are represented.
Social Considerations SA SD | NA | Symmary of findings
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Social Considerations SA|A | D |SD | NA | Summary of findings

Language use is approprial X Language used is appropriate.

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 irapabis 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 technicatlesign judging from table 4.3mtoved to be beneficial as tbaly 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 abovewding 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.eldame could be said about the first quarter repregettawing

number 4, 5 and 6.

The technical design of the book is good. The text relates to the pictures shown, but more
should be explaire about how the moon undergoelsanges The text should also ake
mention that the shapes of the moon are not restricted@mb#&2. Making this small change

to the explanation would enhance the technical aspect of the textbook.
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4.3.5 Grade 8 Textbook |

Phases of thg Moon (groups)

LO1, AS: Conducts investigations and collects data; AS: Evaluates data

and communicates findings.

LO2, AS: Recalls meaningful information; AS: Interprets information.

LO3, AS: Understands science as a human endeavour.

Comment 6

1. Thousands of years ago, many cultures held parties and festivals at Full |
Moon. (These still take place today in some cultures.) Why do you think

these took place at Full Moon? ::> Comment 3

{ 2. What traditions do people still have that are linked to Full Moon?

3. Do a Moon watch with a group of friends. Make a chart like the one

below, where you draw the shape of the Moon you see each night. Try| Comment 4
to do a Moon watch for one month.

Did you know?

The Moon was worshipped in some ancient religions and is still part
of people’s traditions in many parts of the world. Each culture links
its own festivals and holidays to the Moon. In China, a holiday was

eighth lunar month, or during the Mid-Autumn or Harvest Moon,

a ‘Moon Festival' lakes place. During this time, it is tradition for people
to go to their rooftops, mountains or any other high place to view and
honour the Moon.

! established to honour the Moon. Every year, on the fifteenth day of the ! }f |:> Comment 3

___Chapter 6: The universe
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Shapes of the Moon (pairs)

LO1, AS: Conducts investigations and collects data; AS: Evaluates data and
communicates findings.

LO2, AS: Recalls meaningful information; AS: Interprets information.

You will need
*adark room ea ball *a torch or bright lamp

Do this activity one week after you start your Moon watch. Imagine the
bright light or torch is the Sun, the ball is the Moon and the person not
holding the Moon-ball is the Earth.

Comment 5 1. Hold the ball as shown in picture A. Draw what you see.

2. Now hold the ball and the light as shown in picture B. Draw the shape

of the illuminated part of the Moon. What shape do you see as the
reader as you look at the Moon in the picture?

3. In between the positions shown in picture A and B you will see
different views of the Moon, for example when the Sun and the Moon
are at right angles to you. Draw some of these too.

5
20

4. Can you use this activity to explain why the Moon has a different
shape at different times of the month?

bright light represents the Sun

. ball is the Moon

Phases of the Moon

Comment 2 |:> As you will see from the Moon watch table, the way you see the Moon
changes shape slightly each night. The different shapes of the Moon

are called the Moon'’s phases. The actual shape of the Moon does not
change. Remember, you only see the part that is being lit up by the Sun |

Comment 1 |:> | The Moon takes about one month to orbit the Earth.lThe Sun lights up
the half of the Moon that faces it. As the Moon moves around the Earth, 3
you see a different amount of the lit-up half of the Moon. -

oA

In Activity 6, in position A, when the Sun illuminated the side of the Z
Moon facing away from the Earth, you could not see the Moon. This is

called the New Moon phase. In position B, the Sun was illuminating the
same side of the Moon that was facing the Earth.

o Focus on Natural Sciences Grade 8
126
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Negative aspects of the textbook
Content
Comment 1

On page 126, It states that fAThe moon takes
calendar consists of 30 and 31 days respectively, wheexteption is February, where the

month takes 28 days, and in a leap year (which happensroagery 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 d4$® 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 phasasd 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 textbookattempts to relatéhe 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 realtivesdds 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 designof the textbookis adequate and wouldnhancel e ar ner s6é6 under st a
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 tymeoft i vi ty i ncrease
understanding that the moon undergoes different shape changes over a period of a month, and
learners may thereforees the cycle starting to repedhe moon thus completes its cycle

around the earth in slightly less time thanially suggested. This activity may be very useful
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if carried out over geriod of a month containing 30 to 84&ys, as learners would then see

that the cycle repeats itself.
Comment 5

The learners on page 126 are given another activity which involsieg 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 solvifithis 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 thi those of the rest of the group. It encouragesreéifiction, 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 mistaké ia | #hiaking Theré 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 th&sams 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 culturakpects 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 nockmical 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 therefoe 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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ocus Question | <+ 177 Make a list of all the

F Q : things you have learnt
about and learnt to do
in this chapter. Combare

page 111.

] - . (a) a Full Moon
as highlighted in (b) a New Moon

above paragraph (¢) afirst and last quarter of the Moon.
& = Working in pairs, use a drawing and notes to explain how spring tidcs
are caused.

Focus Question | [ 1. Draw the positions of the Earth, the Sun and the Moon when there is

3. In your own words, describe the life cycle of a star.

4. Debate the question: Could there be life on other planets? Use
different sources to support your arguments.

Assessment projects

1. Write a project about the first time humans landed on the Moon.
Who was the first astronaut to walk on the Moon? What did those
astronauts say about their experiences? What were the names of t e
spagecraft they travelled in? When did they land on the Moon?

R o o oo s o

2. Contact one of the observatories or universities in South Africa to E
find out more about a career in astronomy. You need to find out what
astronomers in South Africa do and what subjects you need to study
at school and university to follow a career in astronomy. You shoul s
also find out what bursaries are available to study astronomy. Perhap £
the observatory or university will let you visit their facilities and see  §
astronomy in action.

Focus on Natural Sciences Grade 8
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Technical design

The technical design dhe 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 concepfThe visual representation of the moon phases is accurate,
unlike otter 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 textbomkappropriate. 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) 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 model s. E. g. ACar
has a different shape at di f fer ewouldhelp mes o
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 learagerform 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 df®malchieved 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 haveeaantivities. This helps learners understand the

value of the activities in allowing them to understand the concept of moon phases.
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At the end of the chapter, concepts are clearly summarised by means of focus questions and
endof-chapter synthesis actiigs: e.g. on page 128 (Refer to comment on focus questions

under comment5).He text instructs | earners to fAmake
to do in this chaptero. This |list is then cc
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. Thextbook 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 learers 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 | earnersdé previous knotwl edge
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 cdaddsaid that the characteristic is not
achieved. Even though I earnersdé previous kno
knowledge that is tested does not have to do with moon phases, but has to do with the full
moon. No questions challenge &ar ner s6 knowl edge of t he phas

causes these phases.

No analogies are used by the textbook to help learners understand the cause of moon phases.
Instead, learners arévgn an activity to model theelative positions of the sun, gadnd the

moon. Learners are encouraged to look at the shape of the light being stowtieeanodel

of the moon. A Aimensional picture is drawn in the textbook to illustrate how to go about
doing the activity. After observation, the text then asks karmhy 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 froméwea pl anati ons provided by the

the moon moves around the earth, you see different amounts of-taepit hal f of t he
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The activity, with the use of models, may help learners to develop a mental picture of what is
happeningn 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 iti@ngos

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 eveaydapyde and the
scientific way of thinking. I't mentions on
not changeo (refer to comment 2). I n everyda
its shape. This may create the misconception that the msamnstantly 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.idt 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 thexteindicates that we only see the half of the moon that is

it . The evidence is within the text, wher e
earth, you see different amounts on the | it
apossiblani sconception that when the moon is full

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 expliciy 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.

Onpage2 5, in activity 5 and 6 it i s encouraged
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 lika@nday 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, stoasstablish 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 agjood conceptual tool to promote constructivism.

Datasummary

Table 4.3e: Summary of data from textbook in respect to characteristics

Content SA SD | NA | Summary of findings
The science content | Number of days for complete cycle ramcurate.
accurate Little is explained about actual shape of moon
changing.
The science content | No mention of earth orbiting the sun.
current
The level of difficulty is Some text may be confusing to learners.
appropriate for the intende
grade
The content relates to th X Analogies used do not relate to real world.
real world
The examples provided a| Not enough examples are given for 6 of the 8 m
appropriate phases.
Cultural portrayal brings X Cultural activity brings forth noscientific relation
forth  correct  scientifig or adaptions.
adaptations
Instructional Design SA SD | NA | Suymmary of findings
Promotes engagement X Observation activity is given to learners.
Activity also entails learners using models to exp
moon phases.
Promotes active learning | x Learners collect data and use data to explain n
phases.
Suitable for intende( x Suitable for the stated outcomes.
purpose
Concepts clearly introduce( x Introduction of concepts is smooth aodical.
Concepts clearly develope( Explanations and illustrations are given after e
activity.
lllustrations and explanations are relevant.
Concepts clearly x Concepts summarised by focus questions.
summarised At the end of chapter, theage synthesis activities.
Linguistic level is| X Linguistic level is appropriate as per grade and ag
appropriate for audience
SA SD NA

Instructional Design

Summary of findings
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Instructional Design SA|A | D |SD | NA | Summary of findings

Technical terms are X There are no technical terms used.

consistently

explained/introduced

Activities are appropriat{ x Activities are appropriate as per age and grade.
for level

Technical Design SA|A | D | SD | NA | Summary of findings

The relation between tej x Text and picture relation are accurate.

and pictures is accurate

The textbook visua x Visual representation of moon phases is accurate

representation of the moc
phases is accurate

The illustrations/visuals ar| x lllustrations are clear and unambiguous.

clear and unambiguous

Social Considerations SA|A | D | SD | NA | Summary of findings

Language use is approprial X Language use is appropriate for grade and ag
learner.

In terms of the content of the textbook, it can be seen from the summary presented by the

table 4.3e that the contentsatisfactory.

This is because of an inaccuracy brought forth by the textbook in relation to the time frame it
takes for the completioof 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 contradstion 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 nothielsun at all.

The textbook also lacks examples of the relative positions of the sunaedrthe moorfor
the other moon phases that take place. Also, cultural portrayals do not relate to moon phases

at all, but instead only concentrate on one typmabn phase: the full moon.

The technical design, however, is good and this can also be seen accordmgummary
provided by the tablabove. It can be said that the quality of diagrams represented in the
textbook is good because the written text esdab 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 anothier the different phases. There is nothing ambiguous about the
pictures shown, as opposed to other discussed textbgokde 6 and 7 Natural Science

textbooks.
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.4'3'6 Grade 8 textbook Il

£ _Phases of the Moon
Comment 1 ) -l The Moon takes about 28 days to orbit the Earth. This 1s called @
‘ lunar month. At the same time, the Moon also rotates on its own axis®
3 It also takes 28 days to rotate on its own axis, which means that we
always see the same SIA€ omfrom the Barth As the Moon
orbits the Earth, its shape seems to change. The Sun shines on the
Moon like it does on Earth. Half the Moon always has light shining
on it from the Sun, just like the Earth, but we cannot always see the
whole lit part from Earth. As the Moon orbits the Earth, the part of

N

son,
is .. 3 o A
e K< the lit side of the Moon that we can se¢ from the Earth changes. Each
sphere ; day we see a slightly different shape of the Moon. The different shapes
s that, i ; are known as the phases of the Moon. . b
foon is” "4 , Activity 4: Investigating the phases of the Moon I3
r systems i |
e GROUP ~ LOIL: ASL AS2, AS3 LOZ: AS3, ASH
rines on 1. Predict how you think the shape of the Moon as seen from Earth A
Earth. E will change over the next two months. Comment 3
2. Plan an investigation for the following question: Does the Moon as
T seen from Earth change shape during a period of two months? i
:"se ':?e i 3. Write down a plan for how you will investigate this question: i
pyssaaton o You will need to design a tool to record your work, i
astronaut. checklist on i
w2 page 60 of for example a table that you could complete. r £
: Module 1 fo e You will need to identify factors that might not give you the i
10ak: help you information you require during your investigation. ’
Earth. plan and 4. Conduct the investigation. i
i
(ool Fond:d z/.our 5. Describe any patterns in the shape of the Moon that you noticed ¥
A during your invesfigation. .
i
§

1. We can predict how the shape o the Moo

will chogyggy’g: :fum'ext two montt
2. We can planan investigation. =
3. We can design a fool fo record our findings.
4. We can identify factors that might ateer
our investigation.

- 5. We can describe patterns in ouf investigation. A rN
b e, B ERSE i Sttt PR e Rt
‘ MODULE 3 " Planet Earth and beyond 85

i
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Cultures and the phases of the Moon

- In earlier grades you have learned how many cultures and religions
have used the phases of the Moon as a way to keep track of passing
time. Different cultures have also created many stories to explain the
phases of the Moon. Below you can read one such story.

The Angry Sun
A San story about the phases of the Moon

e

One night, the Sun saw the full Moon shining brightly down on
Earth, and he became very angry. i

The Sun was a jealous, fiery person, who brought warmth and light to the
Earth during the day. The Sun didn’t want the Moon to shine so brightly at
i night, so he followed the Moon fo chase the Moon away. But the Moon

i wasn't frightened of the Sun and stayed right where he was. The Sun
became very angry. How dare the Moon shine when he did! The Sun
became so angry that he started slicing pieces off the Moon with his
powerful Sun rays.

The Moon didn’t want to die, so he begged the Sun: “Oh Sun, do not i
. destroy me entirely! Let me keep my backbone for the children.” So the Sun i
{ took pity on the Moon and stopped slicing him and left his backbone alone.
But the Moon was badly hurt, so he went away to hide his pain. When he
felt better, he returned to the sky and grew and grew... until he was full
again, lighting the dark night.

Again the Sun became jealous and angry... and started once

more fo slice pieces off the Moon with his powerful Sun rays.

! And so the story continues until today.

¢
1! —— |

R A ST ppe e §

Activity 5: Investigating the phases of the Moon
GROUP LO3: AS1
1. Discuss the following statement in your group: Traditional myths

and legends are as important as scientific explanations to explain
natural phenomena.

Check your 2. Explore the views of your family or community about this statement,
and report back to your group.

Your teacher

3. Write a short report summarising the views of your group. Conclude
will assess your

with your own views.

P 4. Be prepared to discuss your findings and views with the whole class.

MODULE3  Planet Earth and beyond 87
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Negative aspect dhe 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 fordbe 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 tinseggested 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 forthe 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, theuttural 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 meon phase

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 investigatioeraw 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 invas 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 areouhticed 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 gnesented: 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.

106



Canment 4

W

\

107














































































































































































































































































































































































