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shapes (Roux, 2005 ; Atebe, 2008; Cooper, 2010). Learners typically perform worse on geometry
related tasks than on algebraic tasks (De Villiers, 2011).

It can be argued that the ubiquitous use of textbooks by mathematics teachers will play a rok in
how the teaching and learning of geometry takes place. Teachers have been found to follow the
textbook very closely and when it comes to the teaching of geometry they rarely present topics
that are not in the textbook (Suydam, 1985). How content is presented in textbooks will inform
how teachers present it (Valverde, Bianchi, Wolfe, Schmidt & Houang, 2002). In light of this, a
pertinent issue to explore is how the textbook makes the content available. And since geometry
seems to be a particular ' kness amongst learners, it is appropriate to scrutinize the textbooks’

handling of this topic especially.

In the South African context, mathematics textbooks have been evaluated mostly in terms of
leveks of distribution, compliance with the curriculum, use in the clssroom and its use at home
(Outhred et al,, 2013). Although these issues are important, the content of mathematics textbooks
needs to be explored to ascertain how the representation of the concepts assists in lkarning.
Although having a textbook is imperative to the learning process, it is of little help if that
textbook is not well written and instructionally sound to guide the learner towards understanding.
In some instances the content of mathematics textbooks in South Africa has been analysed (e.g.
Bowie, 2004), but analysis that focusses on geometry specifically in primary school textbooks
has not been performed.

The learning of geometry leads to the development of integral skills such as visualisation, critical
thinking, deductive reasoning, problem solving and logical argument (Jones, 2002). These are
considered to be higher order cognitive skills. The development of these higher order functions,
according to Vygotsky, can only take place through acquiring understanding of scientific
concepts (Karpov, 2003). Therefore, instruction in geometry needs to be geared towards the
acquisition of scientific concepts in order for learners to develop cognitively. This study
therefore sets out to investigate the ways in which geometric concepts are presented in textbooks

and how the textbook acts as a mediator in the learning process.



Chapter 1: Introduction

Introduction

“Especially for early childhood, geometry and spatial reasoning, form the foundation
for much learning of mathematics and other subjects.”

Clements, 2004, p. 267

Geometry is one of the key components of the mathematics curriculum. After its absence from
the curriculum as a compulsory topic over the past few years, it has been reintroduced in the
CAPS curriculum up to grade 12. In primary schools emphasis is placed on learners developing
an understanding of the properties, relationships, orientations, positions and transformations of
two and three-dimensional shapes (Department of Education, 2011). However, this is easier said
than done and research continues to focus on the difficulties that learners experience in grasping
the concepts involved with karning geometry (e.g. Feza & Webb, 2005; Atebe & Shifer, 2013;
Mhblo & Shifer, 2013).

Background to the study

Mathematics textbooks play an integral role in the South African educational context. For most
teachers the textbook is often the primary source of learning materials as it serves as a translation
of the ¢ culum and as a guide to the content that needs to be covered in a specific school
subject (Schmidt & McKnight, 2012). In South Africa the issue of textbooks and their provision
have received a lot of attention in recent years, highlighting how important a resource it is

considered to be.

The issue of South Africa’s poor performance in mathematics has been well established. In 1995,
1999, 2002 and 2011 South Africa participated in the Trends in International Mathematics and
Science study (TIMSS). Although there has been an improvement in results, South Africa’s
scores remain in the bottom three countries out of 42 (Reddy, 2012). One of the content domains
assessed by the TIMSS is learners’ understanding of geometric shapes and their ability to use
. itial visualisation skills, i.e. geometry (Mullis, Martin, Ruddock, O’ Sullivan & Preuschoff,
2009). Studies have found that learners experience partici’™ ¢ “zulty v’ 1t ¢ s to
geometric content topics such as the naming of shapes and the understanding of the properties of
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The general genetic law is the foundation of Vygotsky’s notion of mediation. All knowledge is
based in the social environment, and it is through interaction with that environment that humans
: uire knowlkdge and make it their own. According to Vygotsky, an object of knowledge is
never directly approached by a child but instead, the child needs the guidance of a more skilled
or knowledgeable “other”.

Semiotic mediation
Mediation was seen by Vygotsky as the main determining factor in development of higher order

mental functions (Karpov, 2003a). Higher order mental functions are not established
spontaneously but need to be developed over the course of our lifetime. They depend on the
personal mastery of culturally situated tools and the use of these tools as inner psychological
functions (Bodrova, 1997). Tools can include symbolic artefacts such as signs, symbols, texts
and formulae (Daniels, 2001). Mathematical symbols, diagrams and graphs can therefore also be
considered signs. Psychological tools, also referred to as signs, are described by Vygotsky as
devices for controlling mental behaviour, in other words internal actions (Daniels, 2001).
Semiotic mediation (or the mediation of meaning) is essential to the development of higher order
thinking: without understanding a psychological sign system such as geometry, appropriation of
these signs can be compromised (Kozulin, 2003). Linked to the acquisition of signs is concept

formation, which will be discussed later in more detail

Mediation and artefacts
The process whereby the individual appropriates the socially (i.e. externally) situated signs and

tools to become internal processes, is called internalisation. Mental activity is the product of the
internalisation process. OQutward activity on the other hand, as described by Vygotsky, is
accomplished through the use of artefacts (Bartolini Bussi & Mariotti 2008). Artefacts (also
called tools) provide access to a community’s knowledge, activities and practices (Jones, 1998).
So, as Mariotti (2009) states, in the learning process a student will use an artefact in order to
accomplish a task and in doing so, appropriate particular subject knowledge. Meaning,
according to Mariotti, is derived from the use of the artefact in accomplishing the task. By using
the artefact, the learner’s activity in the world is transformed and changed (Jones, 1998). An
artefact in an educational setting can constitute a number of objects, for example, pencils,
blackboard, technology and textbooks.
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teaching in the zone of proximal development, which will be discussed further in the next

section.

To summarise so far, the textbook as a cultural artefact mediates the learning of mathematical
knowledge (including geometry) by making it available to the learner through signs and symbols.
Scientific concepts, as the basis for the development of higher order functions, are acquired
through learning theoretical knowledge, which should be the focus of the textbook. The
development of conceptual knowledge and the acquisition of mental tools play out in the process
of mediation in the zone of proximal development. I will now turn to outlining how the textbook

can be considered to advance learners through the zone of proximal development.

The zone of proximal development
The zone of proximal development (ZPD) is arguably Vygotsky’s most influential idea (Moll,

1990). The definition of the .. O is that it is the difference between what a child is capable of
doing on his or her own, compared to what he or she can do with the assistance ofa more skilled
person (Chaiklin, 2003). To elaborate, it is the difference between processes and concepts that
have already been developed in the child, and the concepts that are still on their way to being
developed (Moll, 1990). Therefore, the ZPD can be understood as the potential for learning, in
other words, what the child is prospectively capable of achieving if provided with the correct

support and instruction.

Assistance through the ZPD requires the presence of a more knowlkdgeable other, providing
support in relation to the child’s learning and development (Chaiklin, 2003). What is important
to note is the rok that instruction plays in movement through the ZPD. Through instruction,
children can achieve more and perform at higher levels than what they can do on their own
(Miller, 2011). Just as this is true for a teaching situation where an adult is present to provide
assistance, so i is true for the child engaging with a textbook. By being presented with new and
novel information in the textbook, the zone of proximal development for a child will open up.
The textbook, through various forms of instruction such as explanations, summaries, questioning

and so forth can guide the child towards unassisted performance.

Developing the child’s higher order mental functions is frequently described as a collaborative

effort between teacher and child. In this case it can be argued that a child engaging with a
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textbook (bearing in mind that the textbook acts as the more knowledgeable other) is a similar
collaborative process. The ZPD should, however, be understood as not just the transfer of skills
from the more knowledgeable other to the child, but as the appropriation of tools by the
individual (Moll, 1990). The goal of learning in the ZPD is to allow the child to internalise the
mental tools that are presented in such a way that he or she can use it independently without the
assistance of another. In the previous section it was argued that the acquisition of scientific
concepts is key to the development of higher order mental functions. The learning of scientific
knowledge will take place in the ZPD and the instructional g lofteaching and learning needs to
be the development of scientific concepts that lie within the child’s .. D (Hedegaard, 1990). The
figure below shows the progression that takes place from everyday concepts, through the ZPD to
the attainment of scientific concepts:

Figure 3: Scientific concepts in the ZPD

| Scientific concepts _|

Everyday concepts

The goal of assistance in the ZPD is the development of higher order mental functions and as a
result, assistance in the ZPD has to be developmentally focused (Gallimore & Tharp, 1991). This
means that it should lead to the advancement of those psychological functions that are in the
process of maturing, instead of focusing on existing mental functions (Daniels, 2001). It is
therefore the task of any textbook to direct its actions towards ensuring the attainment of this
goal. It should be acknowledged that the textbook, due to its static presentation of knowledge, is
limited in addressing every child’s ZPD individually. In the absence of instructional

conversations (Gallimore ~ Tharp, 1991), it cannot " nowledge each child’s ... D and
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customize instruction accordingly. However, it is a reasonable assumption that all knowledge

presented in a particular textbook, for a particular grade level, is within that child’s ZPD.

How does assistance in the ZPD take place in light of textbook usage? To illustrate, we can
imagine a typical situation where a child is reading about novel information in a textbook. The
textbook guides him or her towards an exercise. At first the child is confused about what is
required and the zone of proximal development is opened up. The textbook in turn provides an
explanation of the concept, refers back to previous knowledge, or models a solutionby means of
aworl  example in order to guide the kearner through the task. The textbook might also have
reminders or side notes drawing the learner’s attention to important aspects of the concept and

leading her towards independent performance of the task.

Ongce performance has been achieved, the child can complete the task independently without the
assistance of another, in other words, the child has internalised the relevant concept.
Internalisation means that what is presented to the child externally, in other words, socially,
becomes personally appropriated and leads to the development of higher order mental functions
(Hedegaard, 1990). Evidence of internalisation presents itself when the learner can
independently work with and manipulate the concept that was presented. Internalisation indicates
that the child has reached the end of the ZPD for a particular concept or task (Gallimore &
Tharp, 1991).

The child is an active participant in the karning that takes place in the ZPD and will be required
to perform certain activities in the textbook. The performance of tasks and activities has a very
impc int rok to play in movement through the ZPD. If the tasks are too easy, learning will
remain at the everyday and the ZPD will not open up. In keeping with Vygotsky’s theory, tasks
must be set in advance of development to enhance learning and gain understanding of the
relevant scientific concepts. The discussion will now continue by looking at an analysis of the

levels of cognitive demand in textbook activities.

Level of cognitive demand and textbook activities
An exercise or activity generally is thought of as products that students are expected to deliver,

the operations students are expected to employ to deliver these products and the resources
available to students when they do so (Stein, Grover & Henningsen, 1996). Tasks provide the
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imparted through guided discovery. Exploring shapes along these lines will lad to
understanding shapes as scientific concepts.

Fischbein (1993) makes a valuable point in that much of the difficulty with geometric concepts
have to do with the fact that they are not just mental concepts, but also figural concepts and that a
geometric concept includes the mental representation of a space property. Ofien too much
emphasis is placed on the visual aspects of the concept. Fischbein and Mariotti (1997) propose
that a distinction needs to be made between the figural and conceptual parts of a geometric
concept. The figural aspects have to do with the visual representation of the geometric concept
and the conceptual aspect refers to the abstract and theoretical nature that the geo metric concepts
have in common:
“What characterises a concept is the fact that it expresses an idea, a general, ideal

representation of a class of objects, based on their common features. In contrast, an
image (we refer here to mental images) is a sensorial representation of an object or

phenomenon.
Fischbein (1993, p. 140)

How can one bring across the conceptual aspects of shapes and move learners beyond the visual?
Clements (1998) suggests that as a way to overcome this, children need to be shown many
examples and non-examples of shapes so as to help them understand those characteristics that are
mathematically relevant and those that are not. He also suggests that lkarners are asked to say
why a shape is in a particular category or not. Often classes of shapes are misrepresented or there
is a failure to show connections between different shapes and their classes (Fuys, Geddes &
Tischler, 1988; Clements & Battista, 1992). This has been illustrated (especially in grade six
level mathematics) where learners are not shown the connections between parallelograms,

rectangles and squares (Clements, 1998).

Another frequent misconception that arises is failing to classify a square as a rectangle. This
results in what Monaghan (2000) calls a standard one-to-one object word match that causes
children to form rigid ideas about shapes that fails to allow for generalisations. De Villiers
(1994) argues that if subsets of concepts are presented as disjointed from each other, then a
parti 1 definition of concepts are formed. A good example of such a partition definition is
when rectangles and squares are presented as disconnected concepts and not classified as subsets

of parallelograms and squares not as subsets of rectangles. When this happens, rectangles and
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squares are seen as static objects and the learner cannot form economical definitions of shapes.
Teaching the properties inherent in the shape and related to the definition of it, will bring about
the beginnings of abstraction and generalisation As a result children will be able to learn how to
categorise shapes based on an understanding of the inherent class differences between the
categories. Orientation of a shape and the size of a shape are not essential characteristics — a
triangle with three straight sides and three angles remain a trianglk regardless of i position, size

or orientation.

In summary, the textbook, in its presentation of shapes as scientific concepts, needs to do the
following:

e It is a reasonabk expectation that most children will hold a working knowledge of
shapes- in other words they will have everyday concepts of shapes. The textbook should
therefore build on the everyday concepts and move beyond it to develop scientific
concepts of shapes.

e Move the child beyond visual prototypes by means of examples and counter examples so
as to develop the visual as well as conceptual aspects of the geometric concept.

e Present shapes as theoretical knowledge where the essential characteristics of shapes are
made clear so as to build the scientific concept of shapes.

e Present properties of shapes and how the properties relate to the definition of the shape
by using appropriate and correct mathematical language.

Literature review
Literature were analysed pertaining to the central themes of the study namely: difficulties with

the lkarning of geometric concepts; the support textbooks provide in developing conceptual
understanding; South African studies of mathematics textbooks; the use of sociocultural theory
in textbook analysis and how Vygotsky’s theory of concept development has been applied to the

learning of geometry.

Learning and teaching of geometry
Historically it has been shown that learners struggle with learning geometry concepts. Of the

mathematics topics assessed in the TIMSS study, South African children were found to perform

the worst on geometrical tasks (Howie, 2001). A large body of international work has resulted to
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Chapter 3: Methodology

The study analyses the presence of scientific concepts in grade six mathematics textbooks in
relation to geometry. In this chapter the methodology and analytical frameworks will be
presented. The chapter is divided into four sections. The first looks at the sample that was
selected for the study, the second presents how data was collected and the third will discuss the
analytical frameworks that were used to code and analyse the data. Lastly, measures ofreliability

are discussed.

Sample
Selection of textbooks was performed by accessing the catalogue of mathematics textbooks that

are prescribed by the Department of Education (Western Cape Department of Education, no
date). The catalogue prescribed eight different textbooks for grade six mathematics. Due to the
limited space of the dissertation, it was decided to choose three of the prescribed textbooks for

analysis.

In the absence of data on the best-selling textbooks out of the eight options, or the most
frequently used, it was decided to make a random selection of textbooks. This was done through
a simple random selection process conducted in Excel where each title was assigned a random
number. The computer programme then performed a random sort and the first three titles from
the sort were chosen. Although the textbooks are all in the public domain, it was decided not to
reveal the titles and publishers of the books. This is because the sampl from which the books
were drawn are quite small and not representative of all books on offer (including those not on
the departmental catalogue). The aim of this study is also not to compare or make
recommendations, but merely to examine the text that is available to schools. Each book was

assigned a number for identification. This is shown below:

Table 1: Sample selection of textbooks

Abbreviation

Textbook 1 B1
Textbook 2 182
Textbook 3 183
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Method of analysis

In order to investigate the presence of scientific concepts in the text, content analysis of the
sampled textbooks were conducted. The analysis included both quantitative and qualitative
aspects. The quantitative analysis was conducted so as to allow for a general overview,
comparisons between aspects of the data as well as amongst the cate gories. The following were
the main focus points:

e The number of occurrences of scientific concepts as opposed to everyday concepts were
counted and grouped according to broad overall conceptual categories. Tables and graphs
were used to analyse the data.

e The frequency with which misconceptions in the text occurred was recorded and analysed
using percentages and graphs.

e The kevel of cognitive demand required by activities was classified and counted
according to predetermined categories and analysed using percentages and graphical
representations.

The qualitative part of the study:

e Provides a description of how geometric concepts are presented in the text.

e Depicts what common misconceptions in geometry emerged from the text.

e Explores whether the activities in the textbook promoted high levels of cognitive
demand.

e Gives a general impression of the mathematical soundness of the text.

Data collection
An initial analysis of the text showed that there was variability amongst the textbooks with

regards to structure and length. In a major TIMSS study of textbooks, Valverde et al. (2000)
developed a method whereby the text is divided into blocks for uniform analysis of'the content.
In this way the variation in textbook structure, size, extent and layout is overcome and the blocks

characterised based on how the content is addressed.

In this study a total of four types of blocks were identified, in line with Valverde et al. (2000).
Narrative ekements were classified as all expositions, explanations, descriptions and discussions

and side notes. Text that contained worked examples formed the second type of block. Task-
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D 'l pment of an analytical i mework to analyse the data
This section describes the analytical framework employed to code and analyse the data on

scientific concepts, misconceptions in the text and the level of cognitive demand required in the

tasks.

Scientific concepts

Analysis of the text for scientific concepts had two components to it. Two important matters had
to be clrified, namely what are the specific concepts aimed at a grade ~ learner, the important
elements of the concepts and how will they be identified as scientific concepts (or not). The

process of the development of the analytical framework is shown below:

Figure 5: Development of the analytical framework

Analytical framework for scientificconcepts

Specifying the Analytical indicators
geometric concepts for
to be analysed scientific/everyday
concepts

\
ﬁCurriculum informs\ / Definition of \

concepts to be everyday and
covered scientific according
to Karpov (2003)
Essential
characteristics of Coding rules

each concept K
formulated from /
\ the literature j

Firstly, the geometric concepts of 2D shapes learned in grade six had to be specified as these

were the concepts on which the analysis would be performed. I turned to the curriculum as it
guides the content of textbooks. The geometry of shapes is clssified under the topic of
“Properties of 2D shapes™ in the CAPS curriculum for grade six (Department of Education,
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angles in TB 1 and TB 3 was ako noted, with very little mention made of lines meeting to
form angles. The text often presented angles as the ones mentioned before, but then went on
to ask lkarners about angles in shapes. The salient characteristic of a shape is that angks are
formed when sides meet. Not presenting the line relationship to the karner in connection to
angles can hamper their understanding of angles. It is ako noted that overall the text lacks
richness of mathematical information as there is a general lack of notation (especially with
regards to angles and line segments) and technical terms. An overall colloquial use of

language was observed.

In one textbook the concept of a vertex was briefly discussed, but it was completely
disconnected from the angle discussion and the relationship was not established. A further
omission that raised concern is that of the idea of parallelism. In order to learn about
parallelograms, children need to have a basic understanding of parallel lines, since this is an
essential feature of that class of shapes. One textbook briefly dealt with the topic, but made a
technical error in the example it used to explore it. Both the concepts of vertices and
parallelism are not explicitly prescribed in CAPS, and with textbooks closely following
CAPS it again could be a possibk reason for the omission. These issues will be explored
further in Chapter 5.

Level of cognitive demand in textbook activities
The activities in each textbook was analysed and coded to reveal the cognitive demand placed

on the learner in complkting the activities. The framework presented by Smith and Stein
(1998) was used and the task requirements were classified according to the four kvels
presented in the framework. Cognitive demand increases with the kevels, so Level 1 will be
the lowest and Level 4 will be the highest. The outcomes for each textbook are shown in
Tabk 16.

There was a broad range of activities across the textbooks and in total 87 instances where the
child had to perform a task were identified. The task demands were concentrated in Level 1,
with “Naming/Identifying” and “Make a drawing” being the most popular. Below is an
exampk from TB 1:

TB 1 (Namingshapes)

“Nameeach of the shapes shown below.”










This produces the overall result of 71% of activities being in Level 1, 17% at Level 2, 9% at
Level 3 and 2% at Level 4. These results are displayed in the pie chart below:

Figure 13: Overall prevalence of cognitive demand levels

Overall prevalence of cognitive demand
levels

1oual 4, 2%
Level 3

Level 2,17%

wvel 1,71%

The small number of tasks that make high-level demands on karners found in the three
textbooks that were analysed indicates that there are very limited opportunities for karners to

be challenged and develop sophisticated mathematical skilk.

Conclusion
In this chapter the findings from the data analysis were presented. The main research question

was to determine if scientific concepts were present across the three textbooks. The analysis
showed that scientific concepts were only present 23% of the time with 66% of the concepts
being classified as everyday. The link between the scientific and the everyday was only made
11% of the time.

Certain misconceptions were present in the text. The most commonly occurring one was the
establishment of prototypes (68%). Other misconceptions, especially with regards to angle
concepts and parallelograms emerged from the text. Lastly, the tasks in the textbooks were
analysed to determine what lkevel of cognitive demand they make on the karner. The results
show that 71 % of the textbook tasks were Level | activities with only 2% of task classified at
Level 4. In Chapter 5 a discussion of these findings will foliow.
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scientific concept in the text, a definition is an important aspect, but during the analysis of the
text, it was observed this is often where the textbook stopped. Below is an examplk from TB

1 to illustrate:

TB1

“A rhombus is a quadrilateral with two pairs of opposite sides parallel and all sides equal.”

The textbook goes no further (apart from providing a diagram of a rhombus) in getting the
child to explore this concept extensively. It also does not provide any relation to the
substructure of a rhombus, namely that of a parallelogram. De Villiers (2011) strongly argues
that if lkearners are provided only with straight forward definitions of geometric concepts, they
will fail. He suggests that learners have to be actively involved in constructing definitions,
and the textbook can support this kind of learning by providing more opportunities to
explore, reflect and conclude.

For optimal development of higher order functions, the everyday and scientific concepts need
to both be present and dialectically linked (Fleer, 2009). This occurred only six times in the
textbooks analysed (11%). Subject- matter concepts can only be transformed into personal
concepts if the child is abk to relate, and use them in their day-to-day life (Hedegaard, 1998).
Learning is most powerful when “the double move” takes place, in other words, when the
everyday and scientific are linked (Hedegaard, 1998). Fleer (2009) supports this in her study
on concept development and shows how everyday concepts are the foundations of scientific
concepts. Successful implementation of such karning has been performed by Hedegaard
(1990) and allowed for the development of generalised methods of problem solving.
Kilpatrick, Swafford and Findell (2001, p. 80) sums up the importance of linking the
everyday and the scientific:
udents with a conceptual understanding know more than isolated facts and
methods. They understand why a mathematical idea is important and the kinds of
contexts in which it is useful. They have organised their knowledge into a coherent

whole, which enables them to learn new ideas by connecting those ideas to what they
already know.”

To € v 77 bety ’ er " * 3veryday plays arole inthe * ‘elopment
of concepts, the treatment of angles in the three textbooks will be used. In all three textbooks
everyday concepts were used to explore angles. These included a handheld fan (TB 3), a right
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angle defined as the corner of a page (TB 1) and a ballerina turning (TB 1). From these
concepts, the abstract concept of an angle needs to be formed, namely that an angle s two
lines with a common endpoint (Mitche Imore & White, 2000). In TB 1, this abstraction was
never shown. Although it was shown in TB 2 and TB 3, links were not made to the everyday.
This could lkead to failure to develop the concept of an angle, which is often the case amongst

young children (Battista, 2007).

Role of the teacher
There is no denying that the textbook is an essential part of the learning process, but in light

of the findings from this study it is clear that the textbook alone will not be sufficient in
teaching the child the required geometric concepts. In this study I have only focused on the
text, but given the lack of scientific concepts in the text, the teacher’s role in facilitating
learning will become all the more important. If the textbook & consistently used as the
principal guide to learning, then it will define the boundaries of what & learnt in mathematics
(and geometry), and those boundaries will be inadequate. Rezat (2006) has suggested that the
teacher s a key mediator of the text, but that the teacher s ultimately the mediator of
mathematical knowledge. Others have also suggested that teachers are the ones to implement
the knowledge presented in textbooks (e.g. Valverde et al, 2002; Schmidt & McKnight,
2012).

However, if the teacher were to instil conceptual understanding in learners, it would involve
them adjusting, supplementing and adding to the material in the textbook (provided that the
textbook is lacking in linking scientific and everyday concepts, like the ones analysed). The
links between the scientific and everyday will need to be made by the teacher. Hornslky and
Walker (2005) have found that teachers often use photocopied materials from a wide variety
of sources to supplement textbooks and that these are chosen based on the teacher’s
pedagogical content knowledge. However, “teaching by the book” s often observed as
teachers report a lack of time to prepare lessons (Haggarty & Pepin, 2002; Schmidt &
McKnight, 2012).

The textbook and the curriculum
The researcher made an important observation in the analysis of the text. The content of the

textbook was largely driven by what was prescribed in the CAPS curriculum. The concepts
covered were exactly in line with the CAPS document and deviation from this happened only

twice and in one of the textbooks with the inclusion of a discussion of parallel lines. The
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prescriptive nature of CAPS was seen especially in the omission of dealing with
measurement of angles, the concepts of parallelism and the prevalence of drawing activities

in the exploration of shapes.

Although this study & not focused on comparing the textbook with the curriculum, the
observation of how CAPS informed the textbook is an important one. The strict following of
the curriculum implies that the curriculum itself has to be scientifically sound. However, this
is not the case. An example & used to illustrate. CAPS prescribes the following with regards
to angles and shapes (Department of Basic Education, 2011, p. 229):

“Learners use angles, in particular right angles to distinguish shapes. This is the case
when distinguishing  between rectangies and parallelograms.”

This statement is problematic for a number of reasons. Firstly, a distinction between a
rectangle and a parallelogram is made. This & incorrect as a rectangle is a parallelogram with
the special feature of having all right angles. This connection is never made and the child
cannot grasp that parallelograms are a specific class of shapes, with a rectangle as a part of
that class. Disconnected mathematical knowledge starts to form if concepts are presented in
this way. By using right anglks as the measure for classifying shapes, the essential
characteristic of a parallelogram s missed. The essential characteristic of this class of shape
is the fact that the opposite sides are parallel and equal If this is understood, the remaining

classifications become obvious.

It was seen that the above was carried forward into two of the textbooks and the classification
of shapes was performed following the above instruction. It was a general trend across the
three textbooks, but it is unsurprising as there is more often than not a strong relationship
between textbook and curriculum (Valverde et al, 2002; Fan, 2011; Fan, et al., 2013). It does
however imply that the concepts and their definitions are gained from the curriculum, which

could in some cases be problematic.

Returning to the treatment of angles in the textbooks, a few other observations can be made.
In grade six the learner is required to only be able to distinguish between different types of
angles, namely, acute, obtuse, right, reflex, straight and revolution. Measurement of angles is
omitted from the textbook, which is also dictated by the curriculum. This approach is worth
reconsidering for a number of reasons. First, by only suggesting that angles can be clssified
as mentioned, the kearner could become rigid in their thinking, failing to realise that an angle

is a dynamic concept. Turning, which is the underlying idea of an angle, has a unit and
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Chil 1 should not only learn classification, but the properties of sha; need to be
understood (Shiifer, 2010). In order to address prototypes further karners can be shown many
different examples and non-examplks of shapes so that they can focus on the essential
characteristics of the shape (Clements et al, 1999) thereby forming true concepts of shapes
and not pseudo-concepts.

In addition to prototypes, failing to show that a rectangle is a parallelogram occurred 7% of
the time and failing to show a square as a rectangle happened 11% of the time. These
misconceptions have been noted in the literature numerous times (e.g Clements & Battista,
1992; Monaghan, 2000; Renne, 2004; Atebe & Schifer, 2008). More often than not it is the
convention to start off teaching learners basic shapes such as triangles, circles, squares and
rectangles. But as Clements (1998) observes, this way of teaching that squares and rectangles
are different shapes, solidifies children’s idea that a square is not a rectangle when they are
young making it difficult to change as they grow older. Failing to show that a square is a
rectangle is in line with what De Villiers (1994) calls the partition definition of shapes. He
warns against this as it causes rigid thinking about shapes that does not allow for
generalisations. Partition thinking has been found to be particularly persistent and have been
observed frequently in studies involving the learning of geometry (e.g Burger &
Shaughnessy, 1985).

De Villiers (1994) suggests that teaching children about shapes requires a hierarchical
classification instead of a partition classification like it is observed in the textbooks. In a
hierarchical classification of parallelograms it is shown how rectangles, squares and rhombi
form subsets of the general concept of a parallelogram (De Villiers, 1994). Such an approach
is far more useful in teaching children about these shapes as they come to understand them as
interconnected concepts. Earlier on the example of a rhombus was used to show how the text
focusses on providing definitions only. It can be argued that the hierarchical classification
will also help to overcome the one dimensionality of definitions. The hierarchical
chssification s typically seen in high school textbooks, but by introducing it earlier the
current misconceptions that become entrenched over time can be prevented. Fuys et al

(1988) have shown how this can be successfully done with young children.

The text was initially analysed only for the four misconceptions mentioned, but as the study
progressed other omissions and gaps emerged. A notable omission from the text was the topic

of parallelism, which is the final point of discussion for this section. Parallelism, being lines
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that remain the same distance apart without ever crossing (Clements & Sarama, 2009), & a
foundational concept when it comes to the teaching and learning of parallelograms. Without
the concept of parallelism, a learner is unable to grasp the essential characteristic of
parallelograms like squares and rectangles. Grasping the properties of these shapes, such as
opposite angles being equal, i based on an understanding of parallel lines and angles. Before
being able to study shapes like parallelograms a learner not only has to have knowledge of
angles, shapes and lines of equal length, but parallelism & part of the conceptual structure.
Without this knowledge the concept of a parallelogram again becomes disjointed and

meaningless.

It can be argued that a paralielogram is a shape that is formed when two sets of parallel lines
intersect. All the other concepts (such as rhombi and rectangles) originate from this
foundational concept. De Villiers (1994), Jones and Bush (1996) and Fuys et al (1988) have
all suggested that parallelism is an initial concept that has to be understood first before
parallelograms are tackled. The omission of this concept from two of the three textbooks is
concerning. Again it has to be noted that it is ako omitted from the curriculum, only being
covered in detail in high school A high level of detail is not necessary for children in grade
six, but as Fuys et al. (1988) have shown, the paraliel line concept can be explored by young
children in informal ways. Such an omission has serious implications for early concept

development of geometric shapes.

This section discussed the misconceptions that occurred in the three textbooks. Most notable
was the establishment of prototypes, which has been argued, can kead to the development of
pseudo-concepts. The further mishandling of square and rectangle concepts were discussed
and a hierarchical structure of parallelograms was suggested as an alternative. Parallelism is a
foundational concept in the learning of parallelogram shapes, but it was omitted from two of
the three textbooks. These misconceptions and omissions will have a significant impact on
how geometric concepts are presented to the learner and the effectiveness of the textbook
becomes questionable. The final part of the discussion will look at the textbook tasks and

activities.

Tasks and level of cognitive demand
Activities and tasks are one of the main features of textbooks. The textbooks in this study

were no different with 43% of the blocks used for analysis dedicated to tasks. This required

that specific focus was placed on the analysis of tasks in order to determine the level of
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cognitive demand it required. It emerged that 71% of the tasks analysed in the textbooks were
at Level 1 where the focus is on memorising, performing procedures, not making connections
and reproducing material that has been seen before (Smith & Stein, 1998). Therefore, the
activities from the textbooks in this study were mostly of bow cognitive demand. This is in
accordance with other studies that have investigated textbook tasks (Nicely, 1985; Valverde
et al, 2002; Stacey & Vincent, 2009; Zorin, 2011; Shield & Dok, 2012).

The activities that were at Level 3 and 4 made up 11,5% of the activities. Probkm solving
activities were almost non-existent across the three textbooks indicating that the learner will
seldom have the opportunity to engage in higher order thinking. Higher level tasks, according
to Smith and Stein (1998) involve compkx thinking where the approach to the probkm & not
immediately clear and not indicated in the task instructions or in the worked example.
Learners are required to explore and link mathematical concepts and processes in complkting

such tasks. We can return to the exampk from TB 2 that was shown in Chapter 4 to illustrate:

TB 2 (Problem solving)

“Draw a hexagon with at least one reflex angle. Can you draw a pentagon with all its angles acute?”

This exampk has various ekments of a problem solving task for a grade six learner. In the
text no worked example was provided for the kearner to make the drawing. The learner has to
draw on various concepts to solve the problem, namely angles, shapes (polygons) and lines.
Mentally the child will need to form an image of the shape first before making a
representation (drawing) of i. One can imagine that the fast task might involve some trial and
error — the answer will not be ckear immediately. No procedure has been provided beforehand
for making the drawing and engaging in this activity will allow the lkarner to explore the
links between mathematical ideas.

Albng with the lack of scientific concepts in the textbook, the lack of higher kvels of
cognitive demand compounds the difficulty children will have in developing higher order
thinking skills. Smith and Stein (1998) suggest that children only develop higher order
thinking if they are involved in tasks with high kvels of cognitive demand. Levels of
cognitive demand of exercises are intended to stimulate learners’ thinking and provide them

with the opportunity to karn geometry in a meaningful way (Zorin, 2011). Following
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repetitive steps or continuously being asked to name and identify shapes and angles will
hardly get keamers excited about lkeaming geometry.

It stands out that drawing is the second highest activity after naming and identifying shapes.
In this study 20 of the 87 (23%) tasks analysed were drawing activities. In geometry teaching
and learning drawing plays a very important role (Burger & Shaughnessy, 1985). In the
Vygotskian tradition, drawing is considered equally important as it is a way for young
children to disply thoughts and symbolic thinking (Schifer, 2010). Drawings ako make
children’s misconceptions apparent. Drawings in geometry are meant to show classes of
shapes and represent geometric properties and relationships, but this often proves problematic
for karners due to not understanding the geometric object being considered (Battista, 2007).
Therefore, a geometric drawing cannot be considered as a “picture” (Clements & Battista,

1992) but as the representation of a concept.

The focus that drawing enjoys in the textbooks can therefore be a way for learners to show
their understanding of shapes and concepts. As Clements (1998) argues: through drawing
children get to explore many representations of shapes and it is intended to develop visual-
spatial reasoning. However, in the textbooks children were typically asked to follow steps to

make drawings or were given a straightforward nstruction to draw. Below is an example:

83
“Use a pair of compasses and follow the instructions in each case below... Colour in yourdrawings. ”

The textbook goes on to instruct the learner step by step to draw two tangent circles.

It can be argued that activities such as the one above provide learners with the opportunity to
explore shapes like Clements suggests. However, if the above activity is performed the child
will end up with two tangent circles that he or she will colour in. It could result in something
that is more of a picture than a representation of a geometric concept. It can be argued that
the above activity becomes almost meaningless if there is no opportunity provided to reflect,
explain and conclude about properties of geometric shapes. If provided this opportunity, the
child will not just merely be drawing and following steps, but actively start to derive meaning

from the drawings.

De Villiers (1994) agrees that constructions and drawing activities are very important in

developing geometric concepts, but such activities can only be meaningful if conclusions are
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