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Abstract

Abstract

The study reported here utilised a theory of leeélgeometric thinking. This theory was
proposed and developed by two Dutch mathematicsagdrs, Pierre van Hiele and his
wife, Dina van Hiele-Geldof. The van Hiele theonables investigations into why many
students experience difficulties in learning geasndh many nations, such as the UK,
the USA, Netherlands, the USSR and to a certaiengéxiigeria and South Africa,
research evidence has indicated that the ovetalests’ mathematical competencies are
linked to their geometric thinking levels. Thisdyus the first of its kind to apply the van
Hiele theory of geometric thinking in the Namibieantext to analyse geometrical
conceptualisation in Grade 12 mathematics students.

In all, 50 Grade 12 students (20 from School A addrom School B) were involved in
this study. These students wrote a van Hiele Gegrieist adapted from the Cognitive
Development and Achievement in Secondary Schoohfe¢y test items. Thereafter, a

clinical interview with the aid of manipulatives svaonducted.

The results from this study indicated that manthef School A and School B students
who participated in the research have a weak canakpnderstanding of geometric
concepts: 35% of the School A and 40% of the ScBaglbsamples were at the pre-
recognition level. 25% and 30% of the School A, 2@é and 23.3% of the School B
students were at van Hiele levels 1 and 2 respaygtiAn equal number of students but
different in percentages, 2 (10%) in School A ar{@.2%) in School B, were at van
Hiele level 3. Only one student from School B aitai van Hiele level 4. These results
were found to be consistent with those of prevaigslar studies in UK, USA, Nigeria
and South Africa.

The findings of this study also highlight issueofv the Namibian Grade 12 geometry
syllabus should be aligned with the van Hiele Isvadlgeometric thinking as well as the

use of appropriate and correct language in geooca¢thinking and problem solving.
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Chapter One: Introduction

CHAPTER ONE
INTRODUCTION

1.1 Introduction

This chapter provides an introduction to my reseatady. The introduction includes the
background and context of the study, rationale mumpose of the study, followed by the
research questions which guided this study. Ithrthighlights the significance and
limitations of the study. It then ends with a tlsesverview.

1.2 Background to and context of the study

The Namibian Government attaches great importaacthdé teaching and learning of
mathematics and sciences. “Mathematical knowledge mathematical methods of
inquiry constitute an essential part of and cootebto all modern science and
engineering” (Namibia. Ministry of Education [MoE]Q05a:2). That is why the learning
of mathematics involves acquiring conceptual stmes, developing strategies for
problem solving and attitudes to and appreciatiomathematics.

Despite all these emphases being made by the NamiBovernment, the students’
performance in mathematics is still poor. For exi@nhe results of the second report of
the Southern Africa Consortium for Monitoring Edtica Quality (SACMEQ 1)
(Namibia. Ministry of Basic Education, Sport andltQre [MBESC], 2004) indicated that
Namibian Grade 6 learners as well as their teaghefermed poorly in the mathematics
test. Out of the 12 countries that participatedhis study, Namibia in relation to the
mathematics performance of the Grade 6 childrentaadhers ranked last and second
last respectively. Based on these findings, 25 uppenary mathematics teachers were
identified from the nine circuits of the Kavangougdtion Region in Namibia and were

trained with the help of the Academy for EducatiobDavelopment (AED) under the

1
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auspices of the Basic Education Support (BES) Braojein Namibia. The training was
necessitated by the fact that “the overall, lowrage scores for Namibian Grade 6
mathematics teachers and their learners indic&i@sthere could be a problem with
either the mathematics curriculum or the trainiignathematics teachers and the way
they teach the subject” (Namibia. MBESC, 2004:146).

During the training, a geometry test drawn from djuestion papers of the Grade 7 end-
of-year examinations was administered to thesentgac The teachers who took this test
performed very poorly. Of the 25 teachers who ttuok test 23 i.e. 90% scored below
50% (Namibia. MoE, 2006a). Two of the 23 teachers ole@izero. As one of the
facilitators of this training, | realised that thejority of the upper primary mathematics
teachers in the Kavango Education Region have alypa®veloped proficiency in
geometry. These results left me with the questioteachers themselves have problems
with understanding simple or basic geometric cots;éhen what about the students who
are graduating from the hands of these teachersf?ylniew, as a result of their poor
geometric background, when these students enters#wendary phase of formal

education, they will inevitably encounter probleimsinderstanding geometric concepts

Teppo (1991:217) states that “systematic geomeisiruction in the middle grades is
necessary to prevent students from entering higlodcat low levels of geometric

concept development”. Being a mathematics teachtlr t®n years experience at the
secondary phase, | learnt that although studer®ade 12 level are familiar with some
of the geometric shapes, they do not know theip@res and they can hardly do even
basic informal deductions. Drawing on my own exgece and the findings of the

SACMEQ Il report (Namibia. MBESC, 2004), | foundappropriate to conduct a study
to explore the geometric reasoning of the Gradestl@lents in two selected senior
secondary schools in the Rundu Circuit in the KaearRegion of Namibia. The

difficulties encountered by students in learningrgetry is not a unique problem to

Namibia alone, it is a worldwide phenomenon.
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The problem regarding the teaching and learningeoimetry was identified in the 1950s
by two Dutch mathematics educators, Pierre vaneHagld his wife, Dina van Hiele-
Geldof, who due to their frustrations investigapessible reasons that could have created
this problem in their classrooms. The findings béit investigations resulted in the
development of a theory. The theory distinguishes #lifferent thought levels that a
student should go through when learning geomettyis Theory was subsequently
considered by many countries such as UK, USA aaddimer USSR as one of the best
frameworks to assess students’ geometric reasdiitepe & Schéafer, 2008). This is
because it provides a structure for understandiog Istudents develop geometric

concepts through appropriate learning experienGes®, 2006).

1.3 Rationale for and purpose of the study

Geometry is regarded as a problematic learning ereaathematics around the globe
(Snyders, 1995). Therefore, this study explores geometric reasoning of selected
Grade 12 students and cautiously suggests somenseagy these students experience
difficulties in learning geometry in Namibia.

The purpose of this research study therefore gaio an understanding of the application

of the van Hiele levels of thinking in exploringayeetrical conceptualisation in Grade 12
students in two selected schools in Namibia

1.4 Research gquestions

Using the van Hiele theory in analysing the geoitatrconceptualisation of Grade 12
students, | pursued the following research question

1. What are the van Hiele levels of thinking reqdirby the Grade 12 mathematics

curriculum in Namibia?
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2. Are selected Grade 12 students in Namibia fonuig at a level of geometric thinking

fitting with their mathematics curriculum?

1.5 Significance of this study

The van Hiele theory has been applied to many auleito improve geometry classroom
instruction in many developed nations such as lai USA (Clements, 2004). But, in

Namibia, the literature appears to suggest thattlieery has never been applied and
researched. This study therefore is the first okind to test the applicability of the van

Hiele theory in analysing geometrical conceptuéiisain the Namibian context. The

study further investigates the possibility of aliggnthe Namibian geometry curriculum

with the van Hiele levels of thinking.

1.6 Limitations of this study

The following are considered as limitations of thtigdy:

» The non-availability of studies conducted on the ¥#ele theory in Namibia.
This led to the use of only research findings ot®diin international studies on
the van Hiele theory to analyse the geometricateptualisation of the Namibian

students.

* The study is limited to only two selected schoaisthie Kavango Region in

Namibia.
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1.7 Thesis overview

1.7.1 Chapter Two

This chapter deals with the literature review. Thapter starts with a brief historical
overview of geometry and then follows a discussonsome reasons why geometry is
regarded as an important learning area in the meties curriculum. It also discusses

some challenges in teaching and learning geometeyae 12.

The research study is informed by the van Hiel®theThe theory is discussed in this
chapter by looking at the levels of geometric timigk(recognition, analysis, informal

deduction, formal deduction and rigour), featurespperties of the learning phases
(information/inquiry, directed orientation, exptigiion/explanation, free orientation and
integration), the implications of the levels anégbs on instruction of geometry, the role
of language in geometrical conceptualization and Meele levels, and how to determine

students’ levels of thinking.

The relationship between the van Hiele theory aadd?'s cognitive development theory
is discussed with specific reference to their santies and differences. The chapter
further provides the results of some research ssuttiat have used the van Hiele theory.
The said results are relevant for my research stlidis is followed by a discussion on
the van Hiele theory and learner-centred educatidhe Namibian context. It ends with

a critique of the van Hiele theory.

1.7.2 Chapter Three

This chapter outlines the research methodology usethis study. It describes the
research orientation and the research methodsuamtitptive and qualitative case study.
It also describes the research site and partigpast well as how the site and the

participants were sampled.
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It discusses the data collection process and gteuments used to collect the data. Issues
of validity of the instruments used are also diseds The chapter ends with an

elaboration of research ethics.

1.7.3 Chapter Four

This chapter deals with data presentation, analgei discussions of findings. Data
analysed was generated from document analysisetiudts of the pilot study, the results

of the van Hiele Geometry Test and that of thei@ihinterviews.

1.7.4 Chapter Five

This is the last chapter of the thesis. It provittessconclusion of the study by presenting
a summary of findings, significance of the studgnitations, some recommendations,

avenues for further research and ends with a palkseftection.

This research study is informed by the van Hieotll. To better understand the said

theory, the next chapter reviews the related liteea
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Mathematics is a dynamic, living and cultural prodit is more than an accumulation of
facts, skills and knowledge (Namibia. MoE, 20058)at is why, consistent with good
practice throughout the world, it is recognisedt tireathematics is one of the crucial
subjects necessary for any country to realiseuitgobtential (Namibia. Mathematics and
Science Teachers Extension Programme [MASTEP], 2002

A study carried out by the Ministry of Basic Eduoat Sports and Culture through
MASTEP, reports that:

Namibia has achieved a great deal since Indeperdante field of education. This
includes projects, papers written and researchiecarout in mathematics and
mathematics education, many of them of the firass| but there has not been a great
deal of improvement resulting from these effortsarhers still under-achieve in
mathematics.

(Namibia. BAEP, 2002:3)

King (2002) in general supports the argument abdmwstating that dissatisfaction with
the secondary school geometry curriculum and peofopnance in geometry has been
the topic of many discussions over the past decade/o in many parts of the world.
Poor performance in mathematics in general andeomgtry in particular, is not a
problem unique to Namibia alone — it is a globaliss For example, Snyders (1995), as
cited in Siyepu (2005), states that globally, it h@en noted that geometry is problematic
for both teachers and learners. This view of geonteds inspired various studies based
on the van Hiele theory (e.g. Usiskin, 1982; Tepp291; Mason, 2003; Siyepu, 2005;
Genz, 2006; Atebe & Schafer, 2008).
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Likewise in this research study, | use the van dlileory to analyse geometrical
conceptualisation at Grade 12 level. This is beedls van Hiele theory is arguably one
of the best-known frameworks presently availablestodying the teaching and learning

processes in geometry (King, 2002).

In this chapter, | initially present a brief histal overview of geometry. This is
important because it provides a glimpse as to haivwehy geometry found a position in
the mathematics curriculum. Then follows an assessmf why geometry is considered
an important learning area in the mathematics cwlrim. This is followed by a detailed
discussion on the van Hiele theory. Under the thetite following subheadings are

discussed:

* The van Hiele levels of thinking;

» features or properties of the levels;

* learning phases;

* how to determine students’ levels of thinking;

» implications of the levels and phases on instructibgeometry;

* and the role of language in geometrical concepattin and van Hiele levels.

The subheadings mentioned above provide a framewoiiarify how the van Hiele
theory works. A similar framework was used by othesearchers, such as, Mayberry
(1983); Fuys, Geddes, and Tischler (1988); Tepp81); and Pegg (1995).

Thereafter | will discuss the relationship betwdbe van Hiele theory and Piaget’s
cognitive development theory. This relationshipliscussed because both theories talk of

students going through stages or levels of reaganigeometry.

To ascertain the validity of the van Hiele thedrriefly analyse other research studies
that used the theory. The identified research stuthat have used the van Hiele theory

have justified the use of the theory in the stuflgeanmetry.
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For example, in their studies, Usiskin (1982); Burgnd Shaughnessy (1986); de Villiers
(1987) and Teppo (1991) have concurred with variedi¢hat the learning of geometry
occurs in a hierarchical manner. That is, the legrof geometry starts from a lower

level of reasoning to a higher level of thinking.

| situate my research study in learner-centred &titue in the Namibian context. | argue
that the van Hiele theory is associated with leaoemtred education, because of certain
characteristics such as the emphasis on learnitig wmderstanding as opposed to rote
learning, and co-operative learning. Even thoughthtieory stands out very prominently,
it has some shortcomings as well. | discuss thesg critique towards the end of the

chapter.

2.2 A brief historical overview of geometry

The origin of geometry is very ancient. It is orfetlee oldest branches of mathematics
embraced by several ancient cultures such as InBinylonian, Egyptian and Chinese,
as well as Greeks (Jones, 2002). These ancientresilieveloped a form of geometry
based on relationships between lengths, areas @oches of physical objects. In these
ancient times, geometry was used to measure tllealash in the construction of religious
and cultural artefacts (Jones, 2002). Mathematsceamd geometers found geometry a
worthwhile branch of mathematics to study, whichninated in the compilation of
Euclid’s Elementsas a systematisation of the geometric knowledgeOm B.C. (Jones,
2002). Euclid’'s book had a compelling influence geometry education, first at the
university level, and later at the school level YGkiers, 1987). Shibli (1932), as cited in
de Villiers 1987) elaborates that the influenceEotlid’s Elementsbecame particularly
strong when parts of it were being used in th& &éntury as prescribed books in
European universities and from the™1@ntury in European schools. Since most of the
countries in Africa, including Namibia, were colsed by European countries, the
geometry education that was introduced by the ¢sévs had roots in EuclidBlements
as well. Jones (2002:15) further explains thahim 19" century, geometry went through

a period of growth that was nearataclysmic”in proportion. It resulted in the content of

9
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geometry and its internal diversity increasing aimbeyond recognition. Due to this
growth of geometry, different types of geometriesrevfounded. Malkevitch (1991) lists
some of these geometries as follows: differentiabrgetry, hyperbolic geometry,
Lobachevskia geometry, projective geometry, ellipjeometry, algebraic geometry,
Euclidean geometry, analytic geometry, plane gegmBiemannian geometry, dynamic
geometry and co-ordinate geometry. These diffetygds of geometries make geometry

an important learning area in the mathematics cwlrm.

2.3 Why is geometry an important learning areaint  he
mathematics curriculum?

A well known British mathematician, Sir Christophgeeman, quoted in the Royal
Society and Joint Mathematical Council [Royal StedMC] (2001), as cited in King

(2002:12) explains that “geometry comprises thasmd¢hes of mathematics that exploit
visual intuition (which is the most dominant of osenses) to remember theorems,

understand proof, inspire conjecture, perceivatgeand give global insight.”

But before debating the reasons why geometry isinaportant learning area in
mathematics, | first list the aims of teaching getmm according to the Royal
Society/JMC (2001), as cited in King (2002:12):

» to develop spatial awareness, geometric intuitrmhtae ability to visualise;

» to provide a breadth of geometrical experiencesand 3 dimensions;

» to develop knowledge and understanding of and thktyato use geometrical
properties and theorems;

» to develop skills of applying geometry through mlibdg and problem-solving in
real world contexts;

* to encourage the development and use of conjectied,ctive reasoning and
proof;

* to develop useful ICT (information communicatiorchirology) in specifically

geometrical contexts;

10
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* to engender a positive attitude to mathematics, and
» to develop an awareness of the historical and @llheritage of geometry in the

society, and of the contemporary applications @ingetry.

In support of this description of geometry and aisns, Jones (2002) suggests that
geometry helps the students to develop the skillsisualisation, critical thinking,

intuition, perspective, problem-solving, conjecatgyi deductive reasoning, logical
argument and proof. In Namibia, one of the aimgeathing mathematics is to “develop

and understanding of spatial concepts and reldtipe’s(Namibia. MoE, 2005b:2).

French (2004), as cited in Atebe and Schafer (208®erts that students’ general
mathematical competencies have been closely linketieir geometric understanding.
This implies that geometric knowledge is importéot the student to perform well in

mathematics in general. Sherard (1981) points tatt geometry has important
applications to most topics in mathematics. Assalltat has a unifying dimension in the
entire mathematics curriculum. It is the basisvigualisation for arithmetical, algebraic,

and statistical concepts.

The knowledge of geometry remains a pre-requisitesfudy in such fields as “physics,
astronomy, art, mechanical drawing, chemistry @wmic and molecular structure),
biology (for cell structure), and geology (for cigine structure)” (Sherard, 1981:20).
The fields of study mentioned above play a maj¢e o the development of any given

country.

Sherard (1981:23) further explains that “today, Wlealge of mathematics is being called
thecritical filter, which permits entry into a wide variety of mariffetent careers”. For
example, geometric skills are important in architee and design, in engineering, and in
various aspects of construction work. Namibia rs/isig towards the realisation of the
long-term plan of Vision 2030 (Namibia. Office diet President, 2004), which puts more

emphasis on careers such as architecture and ddsggith, engineering, and on
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constructions. Therefore it is important that Naambstudents possess a good knowledge

of geometry.

It is for these reasons that Namibian students Idhstudy geometry as part of their
experience with mathematics in order for them tweha wide range of options in
choosing appropriate occupations. Despite geomeé&iyng an important branch of

mathematics, there are many challenges in tea@mddearning it.

2.4 Some of the challenges in teaching and learning geometry at
grade 12

During the ten years that | was a teacher of masiiesnat grades 8-12, | learnt that
students who are entering senior secondary scliamagion have many problems with
geometry. One of the aspects | have experienceceXample was that, even if the
students know the names of the geometric figurapks$) they are not familiar with their
properties, and are not always able to point owci§ig differences expressed in the
definitions. This experience is supported by Cletsamd Battista (1992) who emphasise
the difficulty of the passage from middle schookhigh school in USA. They hold that
the major focus of standard elementary and middleod curricula is only on
recognising and naming geometric shapes, writirgy gphoper symbolism for simple
geometric concepts, developing skills with meas@mnand construction tools such as a
compass and protractor, and using formulas in gewmn@easurement. Clements and
Battista (1992:422) further explain that the saudricula consist of a “hodgepodge” of
unrelated concepts with no systematic progressidrigher levels of thought, levels that
are required for sophisticated concept developraedt substantive geometric problem

solving.

Primary school teachers generally tend to spendninenum amount of instruction time
on the teaching of geometry (King, 2002). Whendhbject is taught, it is usually done

using the traditional transmission model.
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As a result students have problems with conceptdérstanding in the higher standards
or grades where deeper knowledge of geometric pimide expected or presupposed
(King, 2002).

The Presidential Commission on Education in Namiepsorts that:

Many teachers feel inadequate in mathematics eidaucand are unable to give
children the skills that are needed to succeegpeuprimary school and at secondary
level. Yet mathematics is essential for successciantific and technical education.
Unless the foundations are secured, it will beeswtrly difficult to build mathematical
and scientific success at secondary level.

giibia. MBESC, 1999:112)

In my view students do not receive adequate andapgeopriate, high quality/proficient
teaching from teachers at the primary phase. Biargely due to teachers not having the
necessary knowledge of mathematics. For examplekwine (2001) points out that the
majority of teachers have weak backgrounds in thgest matter of mathematics. As a
result they commonly express a fear of or anxidbpuhd mathematics. Teaching
geometry therefore remains problematic because eguires knowledgeable and
competent teachers. Due to teachers’ poor mathemhdiackgrounds, many abstract
concepts and formulas are introduced without paymugh attention to aspects such as
logic, reasoning, and understanding (Karnasih &p&ago, 1999). This causes many of
the students to think that geometry is very diftidio learn (Soedjadi, 1991; Kerans,
1994). In support of the latter statement, de &ifli (1996) reports that it is well known
that on average pupils’ performance in Matric (&d@) geometry is far worse than in
algebra. In my personal experience, this also applb Namibia. Where, for example,
students in Namibia are often passive through lbetnathematics lessons; ‘chalk and
talk’ is the preferred teaching style; emphasialvgays made on factual knowledge and
guestions which require only single word answers] a&ften answered in chorus.

Consequently learning for conceptual understangimghibited.

The mathematics curriculum at the senior secongaase in Namibia is divided into
higher level and ordinary level. The ordinary leisefurther divided inteextendedand

coresyllabuses. Despite the education system advocatliegrner-centred approach, the
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mathematics curriculum in my view is still examioat driven. Therefore, to teach for
conceptual understanding is difficult. Instead bhems in general tend to give students

mainly what they think is important for their examations at the end of the year.

The Kavango Education Region where | am the adyiszacher for mathematics has ten
senior secondary state schools and two privateod€hone of the ten senior secondary
state schools offers the higher level mathematigéalsis. On the basis of my
observations and experience the reason for thikas there is a shortage of trained
teachers who can teach the higher level mathema&icthe students who are doing the
ordinary level syllabus of mathematics, only a $mamber follow the extended syllabus
of this level. For example, of the 562 studentsthe Kavango Region who took
mathematics in 2007 in the state schools, onlydidvied the extended syllabus of the
ordinary level. This suggests that some teacheatsvast of the students are not prepared
to involve themselves in the more advanced mathemadt assert that this is brought
about mainly because the mathematical backgrouhdtbfthese teachers and students is
weak. The current poor achievement of student®amngetry was also encountered by the
van Hieles in the 1950s in Netherlands. As a rabely proposed and developed a theory
that could be used in the teaching and learningga®es of geometry. It inspired me to
investigate and explore the van Hiele levels ofngetnical conceptualisation in selected

Namibian Grade 12 students.

2.5 The van Hiele theory

About 51 years ago, Pierre Marie van Hiele and w2, Dina van Hiele-Geldof,
postulated a theory of learning geometry. This théwms attracted considerable interest
among researchers (Usiskin, 1982; Hoffer, 1983;gBui& Shaughnessy, 1986; Senk,
1989; Siyepu, 2005; Genz, 2006; Atebe & Schafed820

The van Hieles developed this theory out of thetfations both they and their students
experienced with the teaching and learning of gepnm{&enz, 2006). For example, van
Hiele (1986:39) explains that when teaching geoynétt always seemed as though |
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were speaking a different language”. Usiskin (1982ther indicates that many students
fail to grasp key concepts in geometry, and ledne geometry class without learning
basic geometric concepts. The van Hiele theory lisaaning model that describes the
geometric thinking students go through as they mfyveen a holistic perception of
geometric shapes to a refined understanding of g&amproof (van Hiele, 1986).
Usiskin (1982) and Teppo (1991) indicate that theoty hypothesises five levels of
understanding through which students progress.

2.5.1 The van Hiele levels of thinking

Two different numbering schemes are used in teedlitire to identify van Hiele levels of
thinking (Senk, 1989:310). The van Hieles origipakferred to Levels 0 through 4, a
scheme consistent with the European system of nango#oors in a building: ground,
first, second, and so on (Senk, 1989). However milWaszup (1976) and Hoffer (1979)
brought the work of the van Hieles to the attentbthe American audience, they used a
1 through 5 numbering scheme (Senk, 1989). Dedgpie fact that the Namibian
Education system is founded on the basis of thel@idge Education system, which is
from Europe, | find it fit to use the numbering ®m (1-5) as used in other research
studies (Pegg, 1995; Mason, 1998; Siyepu, 2005z G&006; Atebe & Schéafer, 2008).
This numbering scheme allows the researcher tolayad O for students who do not
function at what the van Hieles referred to asgtmind or basic level. In this research
study, the van Hiele levels will be discussed ugshng categories used by Pegg (1995);
Mason (1998); and Atebe and Schafer (2008).

* Level 1: Recognition

The student at this level reasons about basic gemnoencepts, such as simple shapes,
primarily by means of visual considerations of tmcept as a whole without explicit
regard to properties of its components. For examptadents recognise triangles,
squares, parallelograms, and so forth by theireshay they do not explicitly identify the
properties of these figures (de Villiers, 1996).1Ng students may make mention of the
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length of sides or the size of angles, when dicktbdefocus on these aspects they will not
be used spontaneously without prompts” (Pegg, B25Pegg (1995) further indicates
that for students at this level, a figure is a squaube or rectangle because it looks like
one. This is because students visually recognigegds by their “global appearance” (de
Villiers, 1996:2). According to Pegg (1995:90), inere at least three categories within
the first level. At the first category, for examptudents can identify a rectangle; they
can recognise it very easily because its shapesltik& the shape of a window or the
shape of a door. This means that the identificabbrshapes is based on a certain
prototype. Further examples are: a cube is likeox br a dice; a rectangle is a long
square; and parallel lines are like a door. Th@msgcategory exists when students can
identify certain features of a figure but not prd@s. These are such features as
pointedness, sharpness, corners, and flatnesersuare unable to link these features to
have an overview of the shape. The third categshych is the lowest, occurs when the

student can focus only on a single feature.

* Level 2: Analysis

Students analyse component parts of the figures,ek@mmple, opposite angles of
parallelograms are congruent, but interrelatiorshiygtween figures and properties
cannot be explained (Teppo, 1991).This means thdests analyse figures in terms of
their components and relationships among comporentperceive properties or rules of
a class of properties of shapes empirically, butperties or rules are perceived as
isolated and unrelated. According to Burger andu§haessy (1986), the student reasons
about basic geometric concepts by means of annrdioanalysis of component parts and

attributes.

At this level, students begin to identify propestief shapes and learn to use appropriate
vocabulary related to properties, but do not makenections between different shapes,
and their properties (Teppo, 1991). This implieat tirelevant features, such as size or
orientation, become less important, as studentsallies to focus on all shapes within a

class. For example, “an isosceles triangle can hawesqual sides, two equal angles and
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an axis of symmetry but no property implies andttieegg, 1995:90). This means that
the properties are seen as separate entitiesahabtbe combined together to describe a
specific figure. Clements (2004:62) gives an exanfif one tells us that the figure
drawn on the blackboard has four right angles & rectangle even if the figure is badly
drawn.” But at this level properties are not yeteyed, so that a square is not necessarily
identified as being a rectangle, in other wordsdshts at this level are unable to make

short deductions.

* Level 3: Ordering

At this level, students logically relate previouslgcovered properties or rules by giving
or following informal arguments such as “drawingterpreting, reducing, and locating
positions” (Feza & Webb, 2005:38). Students at kel could begin to see “how one
figure could be characterised by several differearhes” (Pusey, 2003:14). This is seen
if the figures share the same properties, for exepgpsquare is seen as a rectangle, but a
rectangle is not necessarily a square. Mayberr83B9) states that “logical implications
and class inclusions are understood”. The rolesgmificance of deduction, however, is
not understood.

* Level 4: Deduction

Grearson and Higgleton (1996), as cited in Siyep00%), describe deduction as a
reasoning process by which one concludes someftong known facts or circumstance
or from one’s own observation. At this level, detiluie becomes meaningful. For
example, Hoffer (1981) explains that the studentlemstands the significance of
deduction and the role of postulates, axioms, #rasrand proof. Pegg (1995), as cited in
Schafer and Atebe (2008), states that the studerttss level should be able to supply
the reason for steps in a proof and also consthett own proof while the need for rote
learning is minimised. Mayberry (1983) further pgsiout that the meaning of necessary
and sufficient conditions in a definition are urstend. For example, Byrkit (1971) and
Krause (1975), as cited in Hoffer (1981), outlihattat this level a student will be able to
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use the “Side Angle Side” (SAS) postulate to preteements about triangles but not
understand why it is necessary to postulate the &X&@ition, or how the SAS postulate
connects the distance and angle measures. Peg®)(0&s the least amount of
information, students at this level can provide:stuare is a rectangle with a pair of
adjacent sides equal,” or “a rectangle is a pdogitam with an angle a right angle.”
Pegg (1995), as cited in Schafer and Atebe (20€8ps that this level is likely to
represent an upper bound on what might reasonablgxpected of the students in the
learning of geometry at the senior secondary sct®edg and Faithfull (1993), as cited
in Pegg (1995), state that while it is possibld gtadents in years 9 and 10 (14-16 year-
olds) might exhibit instances of level 4 thinkinigis likely that only about 25% of the 18
year-olds will feel comfortable with problems ofdlevel. Ideally, in Namibia the 14-16
year-olds are students in the junior secondary@l@sades 8—-10) and 18 year-olds are
students in their senior secondary phase (Gradeb2)1Therefore this implies that many

high school (Grades 11-12) courses approach thg sfugeometry at this level.

* Level 5: Rigour

This is the highest level of thought in the vanlélieierarchy (Teppo 1991). Students at
this level can work in different geometric or axiainc systems and would most likely be

enrolled in a college or university level coursg@ometry (Teppo, 1991; Pegg, 1995).

Pegg (1995) states that proofs which are countantigtion can be accepted if the
argument is valid. For example, “if the postulakated to parallelism was to be modified
to allow two parallel lines to meet at infinity,l@gical geometry could be established”
(Pegg, 1995:92). Hoffer (1981) explains that thedent at this level understands the
importance of precision in dealing with foundatioasd interrelationships between
structures. Hoffer (1981) further explains that,tlais level students understand, for
example, how the parallel postulate (Euclideargtes to the existence of rectangles and
that in a non-Euclidean geometry rectangles doerist. The other example is given by
Krause (1986), as cited in Atebe and Schafer (2a08j students at this level are able to

establish that the locus of all points equidistantn a fixed point is a circle in Euclidean
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geometry, whereas, the same locus is a squarexinabageometry. The examples above
demonstrate an advanced level of geometric thinkB8igce this is the most advanced
level, it is however rarely reached by high schetldents (i.e. senior secondary
students).

Clements and Battista (1992:429) explain that maciyool children exhibit thinking
about geometric concepts more “primitive than, prabably prerequisite to, van Hiele
level 1”. As a result they proposed the existentcéavel 0, and referred to it as pre-
recognition. Therefore my research study will alake the existence of level 0 into
account. At this level, students notice only a stliff the visual characteristics of a
shape, resulting in an inability to distinguish vbe¢n figures (Mason, 1998). For
example, a student may distinguish between trigngfel quadrilaterals, but may not be
able to distinguish between a rhombus and a phlrgiem (Atebe & Schéfer, 2008;
Mason, 1998).

Since this research study involves Grade 12 stgdatit activities are restricted to the

first four levels of geometric thinking. To sum upe van Hiele levels represent a broad
structure upon which a teaching and learning progcan be based (Pegg, 1995). The
levels provide a window into students’ understagdand as such represent a useful tool
for a teacher. Therefore it is appropriate to disca number of important features or

properties attributed to the different levels.

2.5.2 Features or properties of the levels

According to van Hiele (1986), the theory is hiehacal in that a student cannot operate
with understanding on one level without having b#&ough the previous levels. This
has been confirmed in research (de Villiers & N)sal987; Fuys et al., 1988; Burger &
Shaughnessy, 1989). Senk (1989) explains that #me Hiele model states that two
persons reasoning at different levels may not wstded each other. For example, a
student who has attained levelmay not understand thinking of level+1 or higher

(Mayberry, 1983; Senk, 1989; Pegg, 1995). Howesteidents can simulate higher levels
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by learning rules or definitions by rote or by appd) routine algorithms that they do not
understand (Pegg, 1995). The levels are not asetiisas suggested by the descriptions
(Burger & Shaughnessy, 1986), rather it appears shadents can be in transition
between levels and that they will oscillate betwéesm during the transition period.
Pegg (1995) clarifies that, except perhaps when dwas with gifted or exceptional
students, to move a student from one level to tart mequires direct instruction,
exploration and reflection by the student. This nsethat to succeed in moving a student
from one level to the next, adequate time shouldllosved for this growth to occur. This
will allow students to relate information to whatalready known, linking the known and
the unknown (Etchberger & Shaw, 1992 as cited ye®i, 2005). By allowing the latter,
students will collaborate when explaining, clamfyj elaborating, questioning and
discussing possible solutions to the problem (Siyep005). Despite it being time
consuming to move a student from one level to #wd,teachers should understand that
progress from one level to the next is more depeindle educational experience than on
age or maturation (Pegg, 1995:93; Mason, 2003).lday (1983) and Fuys et al. (1988)
assert that there is also evidence that a studén& of thinking might vary across
topics and according to how recently a topic waslisd. As a result of this, students
may differ in their conceptual understanding. Timgans that students on the same level
may not have an identical or same understandingootepts. However, Pegg (1995)
explains that once one concept has been raisethitghar level, it will take less time for

other concepts to reach that level.

Pegg (1995) therefore recommends that in moving fome level to the next, students
will need to confront a personal ‘crisis of thinginThis means that students should be
given challenging tasks that would require thenthiok and devise their own strategies
that will help them to solve the given problem. dingh struggling to get the solutions,
students will gain insight into what the learnirgyall about. The activities should be
designed in such a way that students are able thrgagh the levels sequentially. This
implies that they cannot be forced to think at ghbkr level. Pegg (1995) warns that
certain teaching strategies inhibit such growth aidce boundaries on students’

potential. Therefore to avoid the inhibition whialy occur because of these certain
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teaching strategies, teachers should use a systeamiroach to instructions, that is,

taking progression from one van Hiele level tortle&t into account.

“Level reduction” refers to a state where the stiees at a higher level are re-interpreted
at a lower level (Pegg, 1995:93). This usually osdoy making the structures at the
higher level visible. Pegg (1995) further warng tih@ effect of this procedure, when it is
teacher-directed, can be counter-productive, becausmoves the stimgl_us for students

to attain a higher level. For example, the uséefopular or[>— symbolin
parallel lines helps students to identify alternatecorresponding angles respectively.
Students are told that wherever they see the Zsiidge they must know that it represents
alternate angles, or wherever they see the F-lige they must know that they are
dealing with corresponding angles. This leads tmlesits not appreciating the need for
learning the proofs of theorems, because the syydwble students to easily understand

the concepts through visualisation.

Language may be instrumental in the interactionvbeh the evidence and reality (van
Hiele, 1986; Clements & Battista, 1992; Pegg, 1988gg (1995) further highlights that

language problems can occur even among studentsnwite same classroom. For
example a rectangle might have different meaningsdifierent levels. A student on the

informal deduction level might regard a rectangeasspecial kind of parallelogram, but
this is not understood by a student on lower legelsh as visualisation and analysis.
Clements and Battista (1992) explain that eachl leag its own linguistic symbols. As a

result a relation that is “correct” at one levehaaveal itself to be incorrect at another
level. Therefore, Pegg (1995) cautions that vemjoge communication problems can

easily exist between students on one level and telbow students, teachers, textbooks,
and exercise on another level. For example, wheaalystg number concepts, a square is
a product of a number multiplied by itself, wher@asuclidean geometry a square is a
four-sided shape, with all sides equal and all emglach equal to 90°. This situation
requires a teacher to make use of the appropaagubhge of each level in order to avoid

confusion.
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Each van Hiele level has its own organisation tdti@nships. Therefore, teachers need
to be cautious that what may appear to be corteona level may not be seen to be
correct at a higher level (Pegg, 1995). For exampige not until at van Hiele level 3, that

squares and rectangles belong to the set of pagiens. The learning process is
discontinuous. That is, a student having reachgiven level remains at the level for a
time, as if maturing (Pegg, 1995). In support @ tlements and Battista (1992) explain
that there are jumps in the learning curve whiclhiead the presence of discrete,
qualitatively different levels of thinking. FurthePegg (1995) warns that forcing a
student to perform at a higher level will not swetauntil the maturation process has

occurred.

The levels are sequential and hierarchical. Theeefor students to function adequately
at one of the advanced levels in the van Hieleahigry, they must have mastered large
portions of the lower levels (Hoffer, 1981). Ped®945) however emphasises that rote
learning or applying routine algorithms without enstanding does not represent the
achievement of a particular level. Therefore, amfprimation or knowledge acquired

without understanding cannot be regarded as thaatent of a certain level of thinking.

In designing learning units, a teacher should a®rsivhat the properties of the van Hiele
levels imply in that given mathematics classroonydfu, 2005). Clements and Battista
(1992) state that, as postulated by the van Higlesgress from one level to the next
depends little on biological maturation or devel@mt) instead, it proceeds under the
influence of a teaching and learning process. Hedearning phases, as proposed by the

van Hieles, play a major role.

2.5.3 Learning phases

The learning phases are phases that a studendsgpouhrough in each level in order to
move from one level to the next. Progress fromlemel to the next involves five phases
(Mayberry, 1983; Hoffer, 1983; van Hiele, 1986)ach phase involves a higher level of

thinking. The students’ progress from one levethe next is the result of purposeful
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instruction organised into five phases of “sequdraivities that emphasise exploration,
discussion, and integration” (Teppo, 1991:212).lEastructional learning stage builds
upon and adds to the thinking of the previous le&énz, 2006). As a result, the
instruction at each learning phase fully and cleddfines that which was implied at the
previous phase. In short, the latter implies thatlearning phases are useful in designing
learning and instructional activities. What follovgsa discussion about the phases within

a level and the teacher’s role in providing instiut that enables this learning:

* Information/Inquiry

The students become acquainted with the contextadoiClements & Battista, 1992;
van Hiele, 1986). The teacher sets an environnmenthich the conversation takes place
between the teacher and the students about thettope studied.

Consequently, this process causes the studenst¢owdir a certain structure (Fuys et al.,
1988; Presmeg, 1991). During this phase, questomssked and observations are made
by the teacher and students about the objectseofstindy. This helps the teacher to
evaluate students’ responses and to determinergtigeior knowledge about the topic.
Clements and Battista (1992) further explain thatteacher learns how students interpret
the language and provides information to bring etisl to purposeful action and
perception.

+ Directed Orientation

In this phase, students become acquainted witlobects from which geometric ideas
are abstracted. The students begin to realise ditettion their learning is taking. This
helps the students to become familiar with “then@pal connection of the network of
relations to be formed” (van Hiele, 1986:177). hos, this implies that the students are
becoming familiar with the structures of the tomuoch as the figures, vocabulary,
symbols, definitions, properties and relations. Téacher’s role is to direct students’
activity by guiding them in appropriate explorasofClements & Battista, 1992). This
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activity helps the students to explore the fieldirfestigation using the material, for
example, by folding, measuring, and looking for syetry (Mason, 1998). Therefore
teachers should choose materials and tasks in vinéctargeted concepts and procedures

are salient.

» Explicitation/Explanation

In this phase, the students have gained insightsarking with the structures of the
topic. Students become explicitly aware of theiorgetric conceptualisations, describe
these conceptualisations in their own language kadn some of the traditional

mathematical language for the subject matter (Ciesn& Battista, 1992; Mason, 1998).

According to van Hiele (1986), during this phase students learn to speak the technical
language. This means that the students are supposadke their observations explicit
and begin to use accurate and appropriate vocabwlitr the help of the teacher (Fuys et
al., 1988; Mason, 1998).

* Free Orientation

In this phase, students solve problems in whichstiiation requires the synthesis and
utilisation of those concepts and relations presfipelaborated (Clements & Battista,
1992). Therefore, students prepare themselves @itti-step tasks in addition to the one-
step tasks they were familiar with. Van Hiele (1pB6ints out that it can be said that this
is the further development of the second phasehiciwthe student, for example, learns
to find his or her way in a network of relationghwihe help of the connections he or she
has at his or her disposal. Fuys et al. (1988) Rresmeg (1991) support the above
statement by stating that the field of investigatay network of relations is still largely
unknown at this stage, but the student is givenensomplex tasks to find his or her way
round this field. A student might know about thegerties for a new shape, for example,
a kite. The teacher’s role is to select appropmadterials and geometric problems — with
multiple solution paths, to give instructions torrmpé various performances and to
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encourage students to reflect and elaborate or thredlems and their solutions, and to

introduce terms, concepts and relevant problemisplprocesses as needed.

* Integration

According to van Hiele (1986), the teaching proaasses to an end with this final phase
indicating that the students have reached a neel thought, and have increased their
thought level in the new subject matter. This maaas a student summarises all that he
or she has learnt about the subject, reflects enohiher actions and thus obtains an
overview of the whole network or field that has hexplored, for example, summarises
and synthesises the properties of a figure (Fuys.e1988). In this phase, the language
and conceptualisations of mathematics are usedesaritbe the network (Clements &

Battista, 1992). Hoffer (1983) elaborates thattdsecher provides summaries of some of
the main points of the subject that are alreadywknby the students to help this process.
In other words, this phase represents the stageewthe teaching-learning process is

evaluated.

The van Hiele levels of thinking with the help bktlearning phases put an emphasis on
conceptual and procedural knowledge. A brief dismrs on the implications of the

levels and learning phases on the instruction ofrgery follows in the next section.

2.5.4 Implications of the levels and phases on ins  truction of
geometry

Geometry taught in the elementary school shouldnflmal and activities should be
exploratory and hands-on (Images, 2007:4). Handadiivities will provide students
with the opportunity to investigate, to build aradé apart, to create and make drawings,
and to make observations about shapes in the waoolaghd them (Van de Walle, 2001).

This provides the basis for more formal activitgsigher levels later on.
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Images (2007) explains that teaching a geometrsotesat one van Hiele level when
students are functioning at a lower level may hinsteidents learning. Teppo (1991)
supports the latter statement by stating that stisde@ho are at lower levels of thinking
cannot be expected to understand instructions p@s$eo them at a higher level of
thinking. This is because each level of thinking s own language. For example, a
teacher asks his or her students to play the “Wamatl?” game with properties of
geometric figures, saying, “What am 1?” To answhis tquestion, a student must be
functioning at Level 2 in the van Hiele’s levelsgdometric reasoning. If the students in
this class are functioning at Level 1, where thegognise a figure by its appearance, they
will not be able to play the game (Images, 200 HisTmeans that if students are at
different levels in one class, the teacher mustdiferentiated instruction to meet the
needs of all his or her students.

Van Hiele (1986) warns that when mathematical lagguis used too early and when the
teacher does not use everyday speech as a paiateoénce, mathematical language is
often learned without concomitant mathematical ustd@ding. This is because students
may not be able to distinguish between everydayuage and the mathematical

language when they move to the more advanced levels

The separation of simple straightforward tasksthnde that are more difficult and open-
ended is emphasised by Pegg (1995). Here, Pegd)(¥88ommends that when the
teacher designs tasks, he or she should ensurthéhacttivities are in line with the levels
of thinking. To succeed in moving the students fritve lower level to the higher levels,
more sophisticated tasks and/or activities showddiriiroduced (Siyepu, 2005). For
example, Pegg (1995) suggests that in Phase 2aske should be designed to provide
the students with an understanding of the breafitheofield under study. Therefore, the
role of the teacher is to ensure that this occadsiarequires specific and careful teacher
direction. Questions in phase 4 should not onllhalenging, but should also involve
multi-path strategies if possible (Pegg, 1995).e;idre role of the teacher is to encourage
diversity in solving problems and to assist studant finding relationships and links

between different solution paths (Pegg, 1995). Thikhelp students to develop insight
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into the mathematics they are taught rather thamplyi be on the receiving end of
knowledge in a superficial way. Consequently mesation of rules and procedures
should be discouraged. To acquire conceptual ancedural knowledge in mathematics
and especially in geometry requires an appropnesi@ge of the correct mathematics
language. The following discussion analyses theomapce of language in geometrical

conceptualisation as proposed in the van Hielddesethinking.

2.5.5 The role of language in geometrical conceptu  alisation and van
Hiele levels

After independence in 1990, Namibia adopted Englisithe medium of instruction for
Grades 4 to 12 (Namibia. Ministry of Education a@ture [MEC], 1993). The use of
English as the medium of instruction has left matydents as well as teachers in the
Namibian schools struggling to cope with a languige is foreign to them.

In support of the above findings, Setati and A¢R£X01) have the following to say:

Learning and teaching mathematics in a classroosravtine language of learning and
teaching (LOLT) is not the learners’ main languageomplicated. This is because
learning mathematics has elements that are sinwlalearning a language, since
mathematics, with its conceptual and abstract fphmas a specific register and set of
discourses.

(Setati &ller, 2001:247)

The quote supports the negative perception amomg $damibian students and teachers
that the use of English as a medium of instructitakes the learning of mathematics
difficult. This is because most of the studentsvall as teachers in the Namibian schools
are not English speakers. It further justifies ihmportance of a mathematical register
which as yet is not properly developed in mosthef indigenous languages of Namibia.
Setati and Adler (2001) further explain that thalldnge teachers face is to encourage
movement in their learners from the predominamifprimal spoken language to formal

written mathematical language, and this includeth bwonceptual and calculational

discourses.
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Mathematics is a universal language. Thereforaerththematical knowledge begins with
the acquisition of linguistic knowledge. This ingdi that it is only by local
contextualisation and application that students$ better understand and appreciate the
uses of mathematics and thus the meaning of thetaems (Namibia. MoE, 2006Db).
Ernest (1991) explains that natural language iredutie basis of mathematics through its

register of elementary mathematical terms.

Through everyday knowledge of the uses and interections of the mathematical terms,
and through the rules and conventions, the fouadafior logic and logical truth are
provided (Ernest, 1991). This demonstrates how Uagg facilitates the learning of
mathematics in general and geometry in particdmhiro (1997) explains that when
studying mathematics, students learn mathematrosigh the use of language, whether
that language is everyday language or mathemadaicglage. The latter explanation is in
support of van Hiele (1986) who states that languisga crucial part of the learning
process as students progress through the levétenéing. Mayberry (1983), Burger and
Shaughnessy (1986), and Fuys et al. (1988) warh ithprecise language plagues
students’ work in geometry and is a critical faciar progressing through levels.
Therefore, Fuys et al. (1988) suggest that insoncshould carefully draw distinctions
between common usage and mathematical usage. Bompéx teachers are encouraged
to consider the students’ language when developiegs, but there is also the need for
students to be able to use correct mathematiaairetogy by the end of the topic (Pegg,
1995). Van Hiele (1986) believes that each levehssociated with its own language.
Further students may not be able to distinguislhwéen everyday language and the
mathematical language when they move to the morareéd levels. But their language
and use of it will develop as they create and bse definitions and explanations. This

will help students as they progress between vateHbeels.

Language helps students learn mathematics by cotisly new meanings, acquiring
new understandings and information, and develomiag skills (Schiro, 1997). For
example, a student can examine examples and naonpées by using the material

presented to him or her. Here he or she will usedniher own everyday language to
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describe and think about the problem (Van Hiel&6)9In another example, the teacher
directs the class to explore the object of studymmans of a number of simple tasks
(Genz, 2006). In the process language will allomdsnhts to express their mathematical
ideas (Schiro, 1997). By so doing, they will beeatw put their mathematical thoughts
into words or symbols. This will result in discowey, objectifying, and confronting their

meanings. As a result of the manipulation of matserand the completion of simple tasks
set by the teacher, the need to talk about theestibjatter becomes important (Pegg,
1995). This encourages students to better reflect arganise, clarify, evaluate,

comprehend, revise, and express their ideas.

The language will further help students to accesslerstand, monitor, and orchestrate
their own mathematical constructs that will faeilé their enhancement, development
and reconstructions (Schiro, 1997). Furthermorepufjh language, students learn to
share the specialised language, knowledge, traditioand affective stance of

mathematics in general and geometry in particular.

When students are given a variety of activities aredlexpected to find their own way to

a solution, language will help them relate new exmees to previous experiences in

ways that facilitate assimilation and accommoda(®chiro, 1997). This personalisation

will help them to accept the relevancy, meaningfah) and usefulness of mathematics in
their everyday lives (Genz, 2006).

Language helps students to formulate conjecturescanvincing argument or proofs,
especially in geometry. Schiro (1997) explains tlasiguage helps students to make
connections. It assists them to see how matherhadieas can be expressed in different
ways, to link informal and intuitive mathematicaleamings to more formal, abstract
symbolism; to see connections among various forimeathematical representation (for
example, oral, written, concrete, pictorial, nuroaki graphical, algebraic and

geometrical).
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Clarkson (2003) explains that language is vitath@ learning process, because students
need to discuss and share experiences and ideato ahekcribe, explain and record
mathematics in their own language. It follows theftecting on learning and recording
mathematical ideas in written language can clardgmonstrate understanding and

prompt new thoughts.

The National Institute for Educational DevelopmpykED] (2003) in Namibia explains
that limited language skills inhibit effective learg and teaching, whereas language
proficiency facilitates learning. For example, stsdof language and learning have
shown that when students are engaged in collaber&iarning, they negotiate partly
explicitly and partly implicitly through their intactions (Namibia. NIED, 2003). This
means that through language students share thfgredit understandings of the world
and find out what understandings they share witlerstand what differences they can all
accept With geometry perceived as one of the most difficildarning areas of
mathematics, language should be well developeahabit can help the students to
conceptualise geometric concepts, especially iouatry like Namibia where English, as
a foreign language, is used as the medium of icstmu Thinking, reasoning and
conceptualisation all depend on language acquasitio the following discussion the
assessment of students’ levels of thinking is deft.

2.5.6 How to determine students’ levels of thinkin g

Many researchers used various methods and teclniguassess students’ van Hiele
levels of thinking. Usiskin (1982) and Fuys et @988) confirmed the validity of the
first four levels (visualisation, analysis, abstfmformal deduction, and formal
deduction), but not the fifth level, with high sahostudents. According to Usiskin
(1982), most students can be assigned a van Higld by giving a simple multiple-
choice test, hence the construction of the Cognibevelopment and Achievement in
Secondary School Geometry (CDASSG) test. This vaeHevel test was a 25-item
multiple choice with 5 foils per item per level. & hesult of the CDASSG van Hiele level

test was used to assign students to the diffemmHiele levels of thinking.
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Mayberry (1983:59) conducted a study of 19 preiserelementary school teachers. She
designed a task using seven geometric conceptthéofirst four levels. These were:
squares, right triangles, isosceles triangles, lasyc parallel lines, similarity and
congruency. The task was used to test two hypotheBeese were: “H1l: For each
geometric concept, a student at level N will ansalequestions at a level below N to
criterion but will not meet the criterion on quesis above level N. And H2: A student
will meet the criterion at the same level on albigetric concepts tested”. Interviews
were further designed by setting questions, thaewalidated by 14 mathematicians and
mathematics educators who had a special interedt exipertise in geometry. The
interviews were used to determine the studentslgrenant van Hiele level of thinking.

This was done to validate the students’ performamtlee above explained task.

Burger and Shaughnessy (1986) designed an interpigedure that could reveal
predominant levels of reasoning on specific geoyndtisks. These tasks were
experimentally administered to each student in aaicataped clinical interview. The
outcomes of the interviews allowed them to sugtest educators and researchers could
make task assignments based on the levels wild $itiphisticated data, and they would
be suitable to examine students’ answers and subse#y to assign students to van Hiele

levels of thinking.

Gutierrez, Jaime and Fortuny (1991) used a 100tpuimerical scale between levels.
The assessment instrument was used as a spatialegjgotest that evaluated the
students’ van Hiele levels on three-dimensionalngetoy tasks. The numerical scale is
divided into five qualitative scales: “Values inethnterval” (0 — 15%) means “No
Acquisition” of the level. “Values in the interva(15 — 40%) means “Low Acquisition”
of the level. “Values in the interval” (40 — 60%heans “Intermediate Acquisition” of the
level. “Values in the interval” (60 — 85%) meansigH Acquisition” of the level. Finally,
“Values in the interval” (85 — 100%) means “Compléicquisition” of the level.

Atebe and Schafer (2008) used an adapted van Hjetenetry test and a set of

manipulatives consisting of triangles and quadsiials of various kinds. These
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manipulatives were acquired on request for adogtiom Feza and Webb (2005). One
set of questionnaires consisting of five distireskis was developed and used for data
collection (Schafer & Atebe, 2008). The tasks helffeem to reach the conclusion that a
number of learners who participated in the studyeve van Hiele Level 0, as many were
only able to distinguish between triangles and qlatdrals, but lacked the requisite

vocabulary to distinguish among shapes in the sdass (Atebe & Schéafer, 2008).

This research study uses only two of the aboveudssd methods of determining
students’ van Hiele levels of thinking. These dre CDASSG van Hiele geometry test
(Usiskin, 1982) and the clinical interview design®dBurger and Shaughnessy (1986).
The study adopts the adapted version of the CDA&SGas used in Atebe and Schéafer
(2008). This was done because the adapted versiomore relevant to the Namibian
geometry curriculum. The other reason for usingatti@pted version of the CDASSG van
Hiele geometry test is that it is easy to admimis®he clinical interview was also
adopted as it was used in Schafer and Atebe (2008s was adopted because it
contained activities which cover the geometry contef the Namibian geometry
curriculum which mainly deals with two-dimensiorshlapes. The activities make use of
constructed triangles and quadrilaterals. Thesgites are more relevant because they
relate physical or external world to the abstractaeptgKonyalioglu, Konyalioglu, Ipek

& Isik, 2003). By using a visualisation approach npamathematical concepts can
become concrete and clear for students to undekstaihe van Hiele theory advocates
the learning of geometrical concepts in a more seti@l order. As a result, research
studies that deal with similar advocacy were ree@wThis led me to a comparison
between the van Hiele theory and Piaget’s theoigoghitive development, because both

theories propose learning as sequentially ordered.

2.6 The relationship between the van Hiele theorya nd Piaget's
cognitive development theory
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In geometry, van Hiele traced cognitive developméntough a succession of
increasingly sophisticated levels (Tall, 2004). Ttheory begins with young children
perceiving objects as whole gestalts, noticingotgiproperties that can be described and
subsequently used in verbal definitions to giverdmehies of figures, with verbal
deductions that designate how, if certain propeitield, then others follow, culminating

in more rigorous, formal axiomatic mathematics [;T2004).

Jean Piaget was a genetic epistemologist whosewgsato describe “the developmental
nature of children’s thinking in a variety of domsj one of which is space and
geometry” (Pusey, 2003:40). The organisation of theories about development was
structured using stages of cognitive developmeat there typically associated with
certain ages. These stages of developmensamsorimotor(infancy), preoperational
(early childhood through preschoatpncrete operationalchildhood to adolescence) and
formal operational(early adulthood) (Mwamwenda, 1989). The relatmsbetween
these two theories is interesting because they butluded a study about learning
geometry and both propose some form of hierarcisicatture.

Clements and Battista (1992) however state thaethas been little research conducted
on the issues of similarities and differences @get's and van Hiele's theories. A few
similarities as well as differences are discusssdvb.

* Similarities
Battista and Clements (1995) point out that bodg€t's and van Hiele’s theories suggest

that students must pass through lower levels ofmgdac thought before they can attain
higher levels and that this passage takes a coabléeamount of time.

The van Hiele theory, further suggests that insimacshould help students “gradually
progress through lower levels of geometric thoulgbtore they begin with a proof-

oriented study of geometry” (Battista & Clement§93:4). This is because students
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cannot bypass levels or stages and achieve undeirsga It further follows that
prematurely dealing with formal proof can only lestddents to attempt memorisation

and to become confused about the purpose of pBatfigta & Clements, 1995).

According to Clements and Battista (1992), bothotles emphasise the role of the
students in actively constructing their own knowged as well as the non-verbal
development of knowledge that is organised intomemsystems. Therefore this type of
learning makes students to not only learn factsnas or rules, but a network of
relationships that link geometric concepts and @sees and are eventually organised into
schemata. This emphasises the importance of stugassing through levels of thinking.
Battista and Clements (1995) further elaborate lib#t theories suggest that students can
understand and explicitly work with axiomatic systeonly after they have reached the
highest levels in both hierarchies. This impliesittthe explicit study of axiomatic
systems is unlikely to be productive for the vasjarty of students in high school
geometry because most of the senior secondary ksshatents are operating at either
van Hiele level 0 or 1 (Usiskin, 1982; Atebe & Sieid2008).

Mwamwenda (1989) states that there is a good nuofle¥condary school students who
are still at concrete operational level insteatdehg at the formal operational level. This
situation is similar to the findings of the studiabout the van Hiele theory, which
indicate that most of the secondary school studangsoperating at either the pre-
recognition level or van Hiele level 1 (Teppo, 199%ayberry, 1983; Usiskin, 1982;

Mason, 2003; Senk, 1989; Burger & Shaughnessy,)1986

+ Differences

Pandiscio and Orton (1998), as cited in Pusey (2®)3state that the van Hiele theory is
different from Piaget’s theory in “the movement aigdevels or stages”. Piaget’s theory
suggests that the movement among stages is depemdeativity while the van Hiele
theory suggests that the movement through the dewélthinking is dependent on
language. Pusey (2003) further states that thettories differ in the way that the van
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Hiele theory attempts to help teachers improverucsibn methods by describing levels
of thinking for students, whereas Piaget’s thesrfocussed more simply on descriptions
of the progression and maturity of thinking. This,short, implies that the van Hiele
theory informs instruction while Piaget's theoryfanms development. Clements and
Battista (1992) state that the van Hiele theory l@ay that students’ development in
their thinking about reasoning and proof is a glowitat is dependent on increasing
understanding of geometric knowledge and relatimsshAlternatively, Piaget's theory
suggests that logical operations develop in stwdentependent of the content to which
they are applied. This distinction implies that \iele would say a student was ready to
prove something if his/her understanding of theteohis at an appropriate level (e.g.
formal deduction), while Piaget’s theory would aggthat understanding content is
unrelated to a child’s readiness for formal argumémaget’'s theory relates mainly to
geometry as the science of space, while van Hielasbines geometry as the science of
space and geometry as a tool with which to dematestmathematical structure
(Hershkowitz, 1990). Piaget’s theory is age depehdailst van Hiele’s is dependent on
systematic instruction. Numerous studies have bmmrducted in order to validate
whether what the van Hiele theory reported was rateuand consistent. Hence, a brief

discussion on some of these research studiesdhatused the van Hiele theory follows.

2.7 Research studies that have used the van Hielet heory

The van Hiele theory of thinking which was develdp@d structured by Pierre van Hiele
and Dina van Hiele-Geldof in the period from 19671886 focuses on the teaching and

learning of geometry.

Besides a significant amount of research studide students’ understanding of
geometric proofs, the van Hiele theory stands atoae of the best recognised
frameworks for the teaching and learning of geoyn@dindyal, 2007). As a result, this
model is often considered as the foundation foricuia implemented in mathematics

classrooms in many countries, such as Netherladdsnpany, Russia and United States

35



Chapter Two: Literature Review

of America. Since the mid 1980s there has beemwaigg interest in the area of teaching

and learning geometry (Mayberry, 1983).

With the said interest, a number of research studiere and still are conducted based on

the van Hiele theory. Below are a few examples:

Usiskin (1982) used the van Hiele theory to explairy many students have trouble in
learning and performing in the geometry classrodime finding was that the poor
performance of many students either in a geomeaingent test or in proof writing was

strongly associated with being at the lower vanéHievels.

Mayberry (1983) conducted a study of 19 pre-serdl@mentary school teachers. Her
findings were that, 70% of the response patternthefstudents who had taken high
school geometry were below level 4 (formal deduntid’he responses of the students
implied that the typical student in the study wa#t neady for a formal deductive
geometry course. Her conclusion strengthened thi®@mohat the van Hiele levels of
thinking are hierarchical in nature. This meang #hatudent cannot attain a high van

Hiele level of thinking before first mastering tlosver ones.

Burger and Shaughnessy (1986) examined specifistipns related to the van Hiele
theory of learning in geometry. The first was r&ljag the usefulness of the van Hiele
levels in describing students’ thinking procesggenmetry tasks. The second was to find
out whether the levels could be characterized dpealy by students’ behaviour.

A third was about designing an interview procedhed could reveal predominant levels
of reasoning on specific geometry tasks. Theirifigd confirmed much of van Hiele’s
description and characteristic of the levels. Adang to them, the van Hiele levels are

useful in describing students reasoning procespdtygons.

Fuys, Geddes and Tischler (1988) pointed out ttstident has to go through the levels
consecutively; otherwise he or she will not be dablperform the tasks. They agreed that

it was important to follow the order of the van ldi¢gheory’s levels in geometry. They
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further concluded that each level had its own lisgti symbols with its own systems of

relations.

Senk (1989) examined the relationship between dgegements in writing geometry
proof and the van Hiele levels. For that purpobke,revisited the Cognitive Development
and Achievement in Secondary School Geometry (CDA)SSn which Usiskin (1982)

had previously worked. Her study reached the cammiuthat there was a positive
relationship between high school students’ achieargnm writing geometry proofs and

van Hiele levels of geometric thought.

Gutiérrez, Jaime and Fortuny (1991) studied 9 &ightaders and 41 pre-service
elementary teachers. The major goal of their stwdg to find an alternative way of
assigning the van Hiele levels of thinking to stutdewho are between two van Hiele
levels. They concluded that the van Hiele levelthofking were not discrete as the other
studies suggest, instead they were of a more aonis nature than their discrete
descriptions would lead one to believe.

Mason (1997) conducted a research project on themewic understanding and
reasoning of 120 mathematically talented studemtshe &' through &' grades. Her
finding was that the performances of these giftedlents were higher on the van Hiele
geometry test, even if they were in grade 6, ttmah of those who entered a high school
geometry course. She further found that the vateHéwels were hierarchical even when

one was dealing with mathematically talented sttglen

Siyepu (2005) conducted a research study which teedan Hiele theory to explore the
problems encountered by grade 11 learners in cgetemetry. His study revealed that
many of the grade 11 learners were under-preparethé study of more sophisticated
geometry concepts and proofs. The study furthewsbothat the South African high
school geometry curriculum was presented at a higha Hiele level than what the
learners were operating at. His findings also suepothe finding that the van Hiele

levels of thinking are hierarchical.
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Genz (2006) carried out a research study to deterrhigh school geometry students’
geometric understanding using van Hiele levels @andnswer the question of whether
there was a difference between standards-basedutum students and nonstandards-
based curriculum students. Her research revedlatd students were not adequately
prepared to understand the concepts of geometriheaswere presented in the high
school geometry course. This also supported thev wigat levels of reasoning in
geometry are hierarchical.

Atebe and Schafer (2008) carried out a researdy stuexplicate the van Hiele levels of
geometric thinking of Grades 10, 11 and 12. Thelystinvolved Nigerian and South
African students. Their finding was that many Nigar and South African upper
secondary school students (children) had a weakepinal understanding of geometry

and mostly operated at the pre-recognition levelaor Hiele level 1.

The research studies discussed above are relevamy study. For example, the studies
carried out by Usiskin (1982), and Atebe and Sah&@08) are very similar to my

research study.

The main results of the studies carried out by kisi$1982) and Atebe and Schafer

(2008) are as follows:

In Usiskin (1982:99), the study involved 2361 studefrom 13 high schools selected
from throughout the United States of America. Thelg reported that 222 (9%) were
found to be at the pre-recognition level; 1085 (46%6ére at level 1; 671 (28%) were at
level 2; 283 (12%) were at level 3; 93 (4%) werdeael 4 and 7 (0%) of the students
could not be assigned to a level. From the study can clearly see that majority of
students who patrticipated in the study were fourtlepre-recognition level and Level 1
respectively. Only a very small number of the shigehad reached level 4 of the van

Hiele levels of geometric thinking.
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NOTE: The percentages were rounded off to the neafestemumbers (Usiskin,
1982:99)

In Atebe and Schéfer (2008:12-13), the study in@dl\L44 students from Nigeria and
South Africa. 72 students were drawn from each trguifhe study showed that 68 of
the 72 students from Nigerian schools took the @ognDevelopment and Achievement
in Secondary School Geometry (CDASSG) test itenfigh® 68 students who took the
test, 36 (53%) were found to be at the pre-recamnievel; 15 (22%) were at level 1; 16
(24%) were at level 2; 1(1%) at level 3 and noniewat| 4.

Of the 72 students from South Africa, 71 partiogghin the study. From these 71
students, 29 (41%) were found to be at the pregmton level; 16 (22%) were at level
1; 17 (24%) were at level 2; 2 (3%) were at level 86%) were at level 4 and there were
3 (4%) who could not be assigned to any of theltelerom the results we can see that
majority of the participants from both the two ctnies were found at the pre-recognition
level followed by those at level 1. A very smalhmoer of students reached level 4 which

is the highest level a student can reach at hiphadevel.

All the research studies above, including the valdtheory, demonstrated that learning
should be accompanied with understanding. This méhat students are expected to

construct their own meanings of the concept thagnle

In Namibia, learning with understanding is advodataough learner-centred education.
Therefore, the discussion that follows is to deteatthe domain of the van Hiele theory

in learner-centred education in the Namibian cantex

2.8 The van Hiele theory and learner-centred educat ionin the
Namibian context

The education system in Namibia underwent a refprotess after Independence in

1990. This reform included the change of the teaghjpproach which was more teacher-
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centred before independence to that which consitierstudent as the central part of the

teaching-learning process.

Beukes, Visagie and Kasanda, in their paper regsoftllows:

Mathematics has changed significantly all over wwld from being a subject for
those gifted in mathematics to a subject for aitlents. It has also been accepted that
to do this successfully, there should be a move fteaching that is teacher-centred
and relies on rote learning to one where the stuidenore active and involved.

(Beukes, Visagie & Kasanda, 2005:11)

As a result, the approach to teaching and learpoinghathematics in Namibia is now
based on a paradigm of learner-centred educatiowleasribed in Ministry Policy
documents, curriculum guides and the conceptuahdreork (Namibia. MoE, 2006b).
Central to learner-centred education is the vieat kmowledge is not a static amount of
content, but is what the student actively conssruatd creates from experience and
interaction within the socio-cultural context (Ndma. Ministry of Basic Education
[MBE], 2006). Learner-centred education puts margleasis on co-operative learning,
which is also well supported by the van Hiele tlyedior example, Pegg (1995) asserts
that students should be motivated to exchange ialeast what they have done and what

they have found.

Another example is that of van Hiele (1986) whotestathat students clarify and
reorganise their thoughts and understanding of géierconcepts through talking about
them. Co-operative and collaborative learning sthdaég encouraged wherever possible.
This is because as students develop personal,l smcdacommunication skills, they are
gradually given increasing responsibility to papate in planning and evaluating their
work, under the teacher’s guidance (Namibia. MdE)6b). Here the teacher represents a

facilitator not information provider.

Knowledge is strengthened and added to within ¢aening phases between each level

(van Hiele, 1986). This means that learning shduldd upon and add to the previous
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knowledge learnt. Similarly, Namibia. MoE (2006kp&ins that learning at school must

involve, build on, extend and challenge the studeprior knowledge and experience.

Both the van Hiele theory and a learner-centredaggih put emphasis on language. In
support of the emphasis of the van Hiele theorylaacher-centred approach, Southwood
and Spanneberg (2000) elaborate that working tegetin small groups gives more

students the opportunity to communicate and hdlesitto make links between language
and conceptual understanding. They further suppmdperative learning by stating that
through the discussion and sharing of ideas, dnildievelop the need for a common
language and understand the significance of disaysand clarifying definitions and

assumptions.

Despite the strengths of the van Hiele theory gaindut in the proceeding sections of
this literature review, there are some weaknessat were detected by some of the
research studies. Therefore, some of these weas@se now discussed in the next

section.

2.9 Critique of the van Hiele theory

The van Hieles claimed that the levels are disc(eteffer, 1981). This claim was
contested by Burger and Shaughnessy (1986) whearipat the levels are not discrete.
This was because their study failed to detect theodtinuity and found instead that the
levels appear dynamic rather than being staticadradmore continuous nature than their
discrete descriptions would lead one to believagBuand Shaughnessy (1986) further
explain that their study has found that studentg mave back and forth between levels
quite a few times while they are in transition frome level to the next. This means that
students can be in transition between these leralsthat they will oscillate during the
transition period (Pusey, 2003). As a result at tthere is difficulty in assigning a level
to students who do not seem to fit a particulaellew are in transition. Furthermore,

there is evidence that a student’s level of thigkimight vary according to how recently a
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topic was studied (Mayberry, 1983; Fuys et al.,8)98uys et al. (1988) also found that a
significant number of participants in their studgpae some progress toward level 2 with
familiar shapes such as squares and rectangles,emeauntered difficulties with

unfamiliar figures. This made them conclude thabgpess was marked by frequent
instability and oscillation between levels. Thedstiwcarried out by Mason (1997) also

highlights that some mathematically talented sttg&lappear to skip levels.

Gutiérrez et al. (1991:250) explain that “the lsvate not as autonomous in that people
do not behave in a single, linear manner, whichagggnment of one single level would
lead us to believe”. As a result, they concludeat #tudents can develop more than one
level at the same time. For example, in their sty identified students who could be
coded 100%, 85%, less than 40% and less than 16BviEs 1, 2, 3, and 4, respectively.

The van Hiele’s claim that class inclusion can obéy at level 3, is contested by de
Villiers (1994:17) who explains that “dynamic gednyecontexts can facilitate the
grasping of class inclusion even as early as lg@veFor example, de Villiers (1987), as
cited in Siyepu (2005) states that students carasgpiare as a special rectangle at level
1 by simply dragging the rectangle until it becoraesgjuare.

Senk (1989:319) states that the existence of l@velthe subject of some controversy.
Van Hiele does not acknowledge the existence df suthon-level”. Instead, he asserts
that all students enter at ground level, that sleael 1, with the ability to identify
common geometric figures by sight. But Usiskin’8&2) research project has shown that
level O exists. Usiskin (1982:99) found that ‘22&tipants of the 2361 participants’ of
her study were at level 0.

Van Hiele (1986) doubts the existence or testghilitlevels higher than the fourth level
and considered them as of no practical value. Tbisbt has consequently led to the
reduction of the levels to three (van Hiele, 198B)is reduction was as a result of

combining van Hiele levels 3 and 4.
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Despite the above shortcomings of the van Hielerthel still find the theory a very

useful framework for the teaching and learning @bmetry. The theory is considered to

be one of the best because of its elegance, coemsrieness and wide applicability
(Usiskin, 1982). These characteristics are briefscribed in Usiskin (1982:6) as

follows:

elegance means that the theory involves a ratimeplsi structure described by
reasonably succinct statements, each with broagttefFor example, the same
principles apply for movement from level 1 to 2filasn 2 to 3 and so on.
comprehensiveness means that the theory coverswhizde of learning of
geometry. This means that it does not seek to gxmlaly why students have
trouble in learning but also what could be donestoove these stumbling blocks.
For example, van Hiele (1973), as cited in Usigk®82) in hisBegrip eninzicht
(Understanding and Insight) asserts that the thappfies to all of mathematical
understanding and gives examples involving thenlegrof functions and other
non-geometric notions.

wide applicability means that the theory is widegplied. For example, the
theory is widely applied in geometry curricula inuatries as diverse as the
Netherlands, the Soviet Union (now Russia) andUhéed States of America.
And now in the Southern Africa. The theory is widelonsidered as the best

framework because of its easy applicability.

The literature | have reviewed has shaped the foatiny research study. It has helped

me to establish the importance of the said thedhe literature review has further

strengthened my understanding with regard to thre W&le theory and how it can be

applied in the teaching and learning processesam@try. It further enlightened me on

why geometry is considered to be a difficult bran€mathematics to deal with.

2.10 Conclusion
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In this chapter, | focused my discussion on the Male theory and its implications. |
initially looked at a brief historical overview @feometry as a branch of mathematics.
This was followed by reasoning why geometry is mpartant learning area in the
mathematics curriculum. Due to the complexitiesolmed in the teaching and learning
process, | looked at some of the challenges enecenhtin the teaching and learning of
geometry at Grade 12. Since this research is irddriyy the van Hiele theory, | provided
a lengthy discussion about the said theory. Theudson further suggested some of the
possible ways to make geometry a learnable brahochathematics. The importance of
language in the teaching and learning of geometg wiso examined and its role in
geometrical conceptualisation. The relationshipveen the van Hiele theory of thinking
and Piaget’s theory of cognitive development waangred and their similarities and
differences when applied to geometry were explored.

The van Hiele theory stands out as a very apprigpfiamework to study geometry. This
is evidenced by the many research studies that i@ this theory. These were briefly
summarised in this review. My research study isiedrout in the Namibian context.
Therefore | found it necessary to discuss the icglahip between learner-centred
education and the van Hiele theory. This discussias included because the Namibian
education system advocates learner-centred edofagaroach. The literature has shown
that there is a relationship between a learnerredrapproach and the approach of the
van Hiele theory. Despite the theory being congide¢he most prominent framework for
the teaching and learning of geometry, it alsoitsashortcomings. As a result, a critique

of the van Hiele theory was also discussed.

The review of literature has provided the framewfkthe whole research. In the next

chapter, the research design or methodology oétilndy is discussed.
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Introduction

This chapter outlines the methodology used in tegsearch study. The methodology is
discussed in terms of orientation, design and @®cét discusses the interpretive
paradigm, the use of a quantitative and qualitatiase study, and the selection of the
research site and participants. It further expland clarifies the tools and techniques
used in collecting data for the research. The datdysis procedures and research ethics

are also discussed towards the end of this chapter.

3.2 Orientation

This research study is largely situated in therpriive paradigm and makes use of both
guantitative and qualitative approaches. | thusdwsenixed-method approach. Cantrell
(1993), as cited in Atebe and Schéafer (2008), statet an interpretive paradigm
emphasises an in-depth understanding and intetioretaf the subjective experiences of
the participants. This study utilises a case stygyroach. Yin (2003:13) describes a case
study as “an empirical inquiry that investigatesamtemporary phenomenon within its
real-life context”. It is therefore appropriate fiare to refer to this study as a case study
because it studies a specific issue in mathem#tatsis, the application of the van Hiele
theory in selected schools in the Namibian contextetermine the levels of thinking of
grade 12 students. Stake (2000), as cited in Aatok Schafer (2008) refers to a case
study that combines two research sites as a cokecase study. Therefore this study is a
collective case study because it utilises two skshedchool A and School B - as its
research sites.
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3.3 Research methods

The research method employed in this study is atgative and qualitative case study.
This section therefore briefly discusses what aecstsidy is and its importance in
educational research. The concepts of quantitane qualitative approaches are also

discussed.

Case study

Following Basey’s (1999:75) ideas, “a case studthes study of a singularity which is
chosen because of its interest to the researchbgrefore, | found a case study to be
helpful for me to investigate my concerns about tdeching and more specifically the
level of learning geometry at Grade 12 in seleekools in Namibia. A case study
approach is particularly important for individuagésearchers “because it gives an
opportunity for one aspect of a problem to be gddin some depth within a limited time
scale” (Bell, 1993:8; Leedy & Ormrod, 2005:135).idbpinion is true for my research
study because it explores geometrical conceptui@isan 50 Grade 12 students of the

two selected schools within a limited time scale.

Quantitative approach

Leedy and Ormrod (2005:94) explain that quantitatresearch is used to “answer
guestions about relationships among measured \esiabth the purpose of explaining,
predicting, and controlling phenomena”. In thiseash study the use of the van Hiele
Geometry Test (Usiskin, 1982) was aimed at expigimiow the students can be assigned
to van Hiele levels of geometric thinking. Jacks@®95:13) further explains that
guantitative research “seeks to quantify, or refl@dth numbers, observations about
human behaviour”. The results of the van Hiele GetoynTest were used to determine
the number of participants at each van Hiele lev#lis quantification led to the
observation on how the participants were assigmed/an Hiele levels using their

geometric reasoning.
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Qualitative approach

Jackson (1995:17) states that qualitative researtphasises careful and detailed
descriptions of “social practices in an attempt woderstand how the participants
experience and explain their own world”. Leedy d@dnrod (2005:94) explain that
gualitative research answers questions about theplex nature of phenomena, often
with the purpose of “describing and understandivgghenomena from the participants’
point of view”. Therefore the use of a clinical entiew in this study was aimed at
allowing the participants to freely express theiews with regard to the geometric
concepts. The result of the clinical interview at=d in revealing the participants’
conceptual understanding of the geometric concdpis test was analysed quantitatively
and the clinical interview qualitatively.

3.4 Research site and participants

In this section, sampling of the research partimipand identification of the research site
are discussed. The discussion further includesléseription of the research site and the

research participants.

Research site

This research study was conducted in the Runduui€iimc the Kavango Region of

Namibia. In total, the circuit has 22 primary aret@ndary schools. Only two senior
secondary schools were purposefully selected frbm 22 schools. McMillan and

Schumacher (2001:598) explain that “purposeful demgps a strategy to choose small
groups or individuals likely to be knowledgeablel anformative about the phenomenon
of interest and it further refers to a selectioncates without needing or desiring to
generalise to all such cases”. Therefore the twwas were purposefully selected
because they represent the diverse culture of #milNan nation. School A was a former

white school which is now open to all races. Schlidad one of the oldest schools in the
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Kavango Region which accommodates students, mhlatk students, from all parts of
Namibia. The two schools were selected because #vepmmodate students with
different languages, social background and learemmgronments. The other reason for
selecting these two schools was their proximityretation to my duty station. This

assisted me in avoiding excessive travelling costs.

Research participants

The research study dealt with only one Grade 1&di@m each of the two schools. The
former white school (School A) has only one clab&mde 12 doing mathematics and
sciences. The second school (School B) has sevatle@r2 classes. Four classes out of
the seven classes at School B did mathematics@endces. Since the class at School A
accommodated students who followed bothdbee and extendednathematics syllabus
contents, | used the same condition to select ieectass from the four classes of School
B. The remaining three classes of School B onlipve¢éd thecore mathematics syllabus
content. The selection of these classes was prahigyt¢he fact that these students were
likely to be knowledgeable and informative abowt ffhenomenon of interest because
they were doing the same syllabus contents. Theets@h was also done in that way to

control for the variables in the sample.

The initial statistics | received at the beginnofghe first trimester, on request, from the
two selected schools, indicated that the total remalb the Grade 12 students | intended
to use at each of the schools was 35. When the additection process commenced, |
learnt that there was a decrease in the total nuofb&udents in each intended class. 12
students from School A took transfers from the stho other schools early in the first
trimester. The transfers were necessitated by dlee that they could not cope with
mathematics. Instead they went to pursue theiriesuad the fields that did not include
mathematics. Eventually there were only 23 studentsis class. For the same reason, 5
of the 35 students in the class at School B, shifighin the same school to other fields
of studies without mathematics. As a result, orllysBudents remained in the class at

School B. In total 53 students should have pawigg in the research study; instead only
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50 students took part because 3 of the 23 stud¢r@shool A were absent when the van

Hiele Geometry Test was administered.

As mentioned earlier, the students followed botha tore and extended mathematics
syllabus contents of the Ordinary Level of the NaimiSenior Secondary Certificate.
Even though these students attended the same s;lasdeall of them did the extended

syllabus content.

Only 4 of the 20 students of School A and 12 of 3@estudents at School B did the
extended syllabus content. The rest of the studentbese classes followed the core
syllabus content. This indicates that the two @dassccommodated students with mixed
abilities in mathematics.

The mean age profile of the participants is pre=gmt Table 3.1.

Table 3.1Number and mean age of the participants

School Number of participants | Mean age (in yrs)
M F Total

A 10 10 20 17.75

B 23 7 30 18.5

Totals 33 17 50 18.2

The table indicates that in total, 33 boys and itl8 garticipated in the study. The total
of 33 boys is made up of 10 boys from School A 2Bdrom School B. The total of 17
girls constitutes 10 girls from School A and 7 frdgdhool B. The mean age of the
participants from School A is 17.75 years, whilattfor School B is 18.5 years. The

mean age of all the research participants is 18a?sy

49



Chapter Three: Research Methodology

3.5 Data collection

This section describes the instruments used angrteess followed in collecting data.
Data collection is the process of gathering quatnié or qualitative information with an
intention of answering the research question(s)MMan & Schumacher, 2001). For
that reason, three instruments were used in teeareh study. These were:

» document analysis

* test

* clinical interview

The data collection process was divided into tiptesses as follows:

Phase 1: Document analysis

Documents refer to “records of past events in tiefof letters, diaries, anecdotal notes,
and documents usually preserved in collections” NMlan & Schumacher, 2001:598).
For this research study, the broad curriculum, evatktics syllabi for both the junior and
senior secondary phases and past Grade 12 geoemetrgf-year national examination
guestions were the documents analysed. The broaduwdum was analysed to determine
what the Namibian Education System requires thel&i2 students to know with regard
to geometry. More importantly, | wanted to estdbligt what van Hiele levels of
geometric reasoning the mathematics syllabus iggguegThe high school geometry
builds on the elementary school geometry whichiticathlly emphasises measurement
and informal development of the basic concepts dizah 2007). These basic concepts
are very important in the development of geometrtha high school level. Therefore,
the geometry syllabus contents (see Section 4T24les 4.1 and 4.2) for both the junior
and senior secondary phases were analysed to detelraw geometric concepts are
developed from Grade 8 through to Grade 12. Gegnogiestions from the 2007 end-of-
year national examination papers (compare Secti@B 4igures 4.1 and 4.2) were
analysed to establish the highest possible vareHeslel at which the Grade 12 students

in Namibia are assessed. The 2007 end-of-year gepmeestions were selected because

50



Chapter Three: Research Methodology

they were based on the current Namibia Senior SkcgnCertificate (Ordinary level)
[NSSC (O)] mathematics syllabus.

Phase 2: Test

Cohen, Manion and Morrison (2000:317) explain tihatests “researchers have at their
disposal a powerful method of data collection, mpressive array of tests for gathering
data of a numerical rather than verbal kind”. Fos study, the van Hiele Geometry Test,
as constructed by staff of the Cognitive Developimeamd Achievement in Secondary
School Geometry (CDASSG) (Usiskin, 1982), and agldly Atebe and Schafer (2008)
(see Appendix C) was adopted with their permissidre reason for adopting the adapted
version of the van Hiele Geometry Test was becatisgas appropriately content
specific. Van Hiele (1986) and Senk (1989) suggfest studies that seek understanding
of the thinking processes that characterised timeHiale levels of geometric reasoning
should be content specific. The other reason fongushe adapted version of the
CDASSG test was because it was relevant to the blamisituation. The adapted test
contained the aspects of the themes/topics prestifitr geometry in the mathematics
syllabus for the Namibia Senior Secondary CertiicéOrdinary and Higher levels)
[NSSC (O/H)]. These themes/topics are: geomettieahs, geometrical construction,
symmetry, angle properties and locus (Namibia. MRiB5a:6-7).

The initial CDASSG test in Usiskin’'s (1982) projestas developed to assess or
determine all the five van Hiele levels of geoneteasoning, but the adapted version
contained test items that could only investigate dttainment of the first four van Hiele
levels. This is because many researchers (van,Hi8&6; Burger & Shaughnessy, 1986;
Senk, 1989; Pusey, 2003; Siyepu, 2005; Genz, 28@de & Schafer, 2008) suggest that
the highest van Hiele level attainable by a studefdrmal education is ideally van Hiele
level 4. The reduction in levels is further suppdrby van Hiele (1986), as cited in Atebe
and Schafer (2008) as he disavows the existentte difth level, and said:
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Some people are now testing students to see if hiaeg attained the fifth or higher
levels. I think this is only of theoretical valueso | am unhappy if, on the ground of my
levels of thinking, investigations are made to lelsda the existence of the fifth and
higher levels.

(vHiele, 1986:47)

Van Hiele clearly argues that the fifth level i2 appropriate at Grade 12 level.

The van Hiele Geometry Test consisted of four stbfeeach with five multiple-choice
items based on each of the van Hiele levels. Thathere were 20 items in all, with
numbers 1-5 testing the attainment of van Hielellé¢recognition/visualisation), 6—10
level 2 (analysis), 11-15 level 3 (informal dedan)i and 16-20 level 4 (formal
deduction).

Process of test administration

An arrangement was made with the Grade 12 mathesnagacher at each school to

inform the students about the writing of the t@$iis was done three days before the test
was taken. The mathematics teachers arranged thesevhere the test would be taken.

When | arrived at these research sites | foundttieatenues were well prepared and my
task was only to distribute the test papers.

The test was administered in the afternoon ondhgesday (22 May 2008) at each of the
two schools. That is, at half past two in Schoohd at half past three in School B. |

invigilated in each school where the test took @lac

Since the number of participants who took the teas reasonably small, | did the
marking of the scripts manually. The marking of Hueipts started in the evening of the
same day the test was written and | completed theegs the next day (23 May 2008).
After the test was marked, | gave the scripts togretvith the marking scheme to one of

the mathematics teacher to check for any possilalking errors. This was done in one
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day and then both the scripts and the marking sehemre brought back to me for

analysis.

Phase 3: Clinical interview

Gutiérrez and Jaime (1998:27) opine that “most [@eagree that a clinical interview is
the most accurate way of assessment of the vare H#gkls, since it provides more
information about the student’s way of reasonirantbther procedures”.

In conjunction with the interviews | used a setnmdnipulatives (see Appendix D). The
manipulatives were designed in such a way that thegaged the participants and
allowed them to express their opinions freely. Tihstrument was freely acquired from
Schafer and Atebe (2008). | adopted the set of pudetives because they consisted of
triangles and quadrilaterals of various kinds, #md fitted well within the Namibian
geometry curriculum. The other reason for adoptimg manipulatives was because of
their rich variety. They included triangles suchsaslene, isosceles, right-angled, and
equilateral triangles and quadrilaterals such asiargg, rhombi, rectangles,
parallelograms, kites and trapeziums. The latterpgoblematic to many students with

regard to identification, description, definitioncaclassification.

3 students from School A and 4 from School B weskected on the basis of their
performance in the van Hiele Geometry Test and asked to participate in a clinical

interview. The selection was done as follows: FrSohool A one student at the pre-
recognition level, one at van Hiele level 2 and @tevan Hiele level 3, while from

School B one student at the pre-recognition legeg at van Hiele level 2, one at van
Hiele level 3 and one from the group of “no fit'did not choose any student at van Hiele
level 1 because the pre-recognition level and valeHevel 1 have almost the same
features. In support of using manipulatives, vael&i(1999), as cited in Schafer and
Atebe (2008) suggests that giving learners amppoxpnity for playful exploration of

hands-on manipulatives gives teachers a chancebsernee and assess informally

learners’ understanding of and thinking about gdamehapes and their properties.
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Therefore, the use of hands-on manipulatives alibthe students to demonstrate what

they know and think about geometric concepts.

Process of conducting the clinical interview

One week after the van Hiele Geometry Test wasyaed| the 7 selected students were

informed through their mathematics teachers abbwmitlinical interview.

One afternoon at each school was assigned to thigtga A clinical interview was
conducted in School A on (28 May 2008), while ih&al B it was on (29 May 2008). A
clinical interview was conducted on two differerstyd because the activities lasted for
two hours at each school. The activities in botiosts started at half past two and ended

at half past four in the afternoon. This activitgsacarried out in their own classrooms.

One set of questionnaires consisting of five dadtitasks together with the pack of
concept cards numbered 1 to 30 was given to eacticipant. A new complete
mathematical set was given to each participant.ifisiuctions on how to carry out the

tasks were explained to the students. The fivestaske as follows:

Task 1: Identifying and naming shapes. This taskiired the students to identify each
shape by stating the correct names of the shapésrdquired each student to justify his

or her naming.

Task 2: Sorting of shapes. This task required thdesnts to sort all 30 shapes into two
groups. That is, groups of triangles and quadrigdgée The students were further required
to state the criteria for their groupings, and tates the general/common or collective

name of the shapes in either group.

Task 3: Sorting by class inclusion of shapes. abitvity required the students to make a
further sorting of the shapes in either group siaaller sub-groups of shapes that were

alike in some way. Students were requested to batethe shapes in each sub-group
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were alike. This activity was intended to assesdesits’ knowledge of class inclusion or

lack of it.

Task 4: Defining shapes. This task required theesits either to state a definition of a

shape or list the defining properties of a shape.

A sample question from this task is as followghat would you tell someone to look for
in order to pick out all the parallelograms from ang these shapesris question was

repeated for rectangles, rhombi, squares, trapezamd isosceles triangles.

Task 5: Class inclusion of shapes. Students wegairexl to state with justification
whether a given shape belongs to a class of shajpbsmore general properties. A
sample question from this task Is:shape No.23 a rectangle? How do you kn@hape
No.23 was a concept card of a square in this stbyilar questions were asked for other
shapes.

Source (Schafer & Atebe, 2008:6)

When the students were busy performing the taskthenclassroom, | made some
observations. Through observation, | picked up sauommon responses from the
students. | made use of these common responsesdoic unstructured interviews with

some of the participants. Notes were taken dutiegd interviews.

3.6 Data analysis

This section discusses the process of how theatdiected was analysed. Data analysis
is the way of looking for “underlying themes andhet patterns” that characterise the
case more broadly than a single piece of informatian reveal (Leedy & Ormrod,
2005:136).
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Document analysis

The geometry syllabus content of the Junior Seagn@artificate (JSC) was analysed to
establish how geometric concepts are developed @oade 8 through to Grade 12. This
was done by comparing the themes/topics of thejuwecondary geometry syllabus with

that of the senior secondary phase.

The analysis of the geometry syllabus content efNISSC (O/H) was done in order to
determine the van Hiele levels of thinking required the Grade 12 mathematics
curriculum in Namibia. Even though that the NSS@H)does not talk about van Hiele
levels of geometric reasoning, | used the gendrg@atives (Namibia. MoE, 2005a) in
relation to the features of the van Hiele levelssaggested by de Villiers (2003) to
determine the highest possible van Hiele levelsiired by the Grade 12 mathematics

curriculum.

Van Hiele Geometry Test

The analysis of the CDASSG test, used in this studg done using the success criteria
suggested by Usiskin (1982:23). There were mangessccriteria suggested by Usiskin,
but for this study, | used the “3 of 5 criteriornThis criterion means that if a student
answered correctly at least 3 out of 5 items ivargsubtest, he or she was considered to
have mastered that level. Usiskin (1982:22) furthereloped a grading system to assign
weighted sum scores for each student. This grasiatem was used and comprises:

» 1 point for satisfying criterion on items 1-5 (l&.

» 2 points for satisfying criterion on items 6—10v@e2).

* 4 points for satisfying criterion on items 11-1&vgl 3).

» 8 points for satisfying criterion on items 16—2évg| 4).

Thus, the maximum score obtainable by any studestia 2+ 4+8 = 15 points.

| worked out the weighted sum score for each gpeit using the grading system above,
and then used the weighted sum scores to assigpatfieipants to van Hiele levels of
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geometric thinking. The following is an examplehaiw the weighted sum scores were
worked out: for a student to be at the pre-recogmilevel, the weighted sums should be
(0, 2, 4, or 8). This means a weighted sum of §ipudent did not get at least 3 out of 5 in

any of the subtests of the van Hiele Geometry Test.

For the weighted sum of 2, the student got at I8asit of 5 only at level 2. But because
of skipping level 1, the student is classified untlee pre-recognition level. For the
weighted sum of 4 the participant has obtaine@astl3 out of the 5 only at level 3, and
for the weighted sum of 8 the participant has olgtdiat least 3 out of the 5 only at level
4. The student with a weighted sum of 4 or 8 ishatpre-recognition level because of
skipping levels 1 and 2 for the weighted sum ofr4ewels 1, 2 and 3 for the weighted
sum of 8. This process was continued with the wemjlsums for van Hiele levels 1, 2, 3
and 4.

Assignment of levelsUsing the 3 of 5 correct success criterion, twethrods were used

to assign students to levels as follows:

» Classical and modified van Hiele levels: A studeman Hiele level was defined
to be the highest consecutive level (beginning fravel 0) he or she has
mastered. If, for example, a student satisfiesctiterion at levels 1, 2 and 4, he
or she would be assigned to van Hiele level 2. kisi€1982) would only assign
modified van Hiele level 2 to such a student, bould not classify the student —
for skipping level 3 — under the classical thedkiepe & Schéafer, 2008).

» Forced van Hiele levels: Usiskin (1982:34) assurtted the “fixed sequential
nature of the levels is valid”, and therefore bedig that a student whose
responses “do not fit the sequence is probably deimating random fit”. As a
result, a method was developed for assigning leweetsich students as follows: A
student is assigned to level n if “(a) the studertts the criterion at levels n and
n - 1 but perhaps not one of n - 2 or n - 3, ortlle) student meets the criterion at

level n, all levels below n, but not at level n yelt also meets the criterion at one
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higher level” (Usiskin, 1982:34). This criterionl@ks for more students to be

assigned into levels.

Clinical interview

The tasks of the manipulatives were aimed at dastabyj the patterns of geometric
reasoning of the selected patrticipants up to vaieHevel 3. The results of the clinical
interview were not used to assign the seven selquaeticipants to van Hiele levels of
geometric thinking. Instead they were used to distalwhether or not the participants
could portray the geometric reasoning they had shiomthe van Hiele Geometry Test;
hence, to determine their conceptual understanadiirtbe geometric concepts they have
dealt with. To do this, analytic method was useché®er & Atebe, 2008). This method

involved the following aspects:

* recognition of types and families of geometric figsl
» definition of a geometrical concept using propettie

» classification of geometric figures or concept® idifferent families or classes.

The three aspects mentioned above represent thepliess of van Hiele levels 1, 2 and
3. Since the tasks of the manipulatives were basethese aspects, it was reasonably
easy to determine the line of reasoning each opé#ntcipants had shown.

For example, to establish whether the student hatrgyed the line of geometric
reasoning at the pre-recognition level or van Hlelel 1, the following was taken into
account: (i) a student who was either not ablertwas only partly able to sort the shapes
into groups of triangles and quadrilaterals wagmkto be at the pre-recognition level,
whereas (ii) a student who was able to sort thpeshanto distinct groups of triangles and
guadrilaterals and was able to state the corréerion for sorting was considered to be
at van Hiele level 1 (Schafer & Atebe, 2008). Thiscess was continued in order to
determine which participants had shown the linegexdmetric reasoning of van Hiele

levels 2 and 3.
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The responses of the students on each of thedslestentailed in the manipulatives as

well as that of the unstructured interviews weralgsed.

3.7 Validity

This section outlines the validity of the researgtruments | used to collect data for my
research. These instruments are document anallgsisjan Hiele Geometry Test and a

clinical interview.

Validity is an important key to effective researdha piece of research is invalid then it
is worthless. Therefore the instruments used is study were checked for validity. The
documents analysed were found to be valid becdwse were all consistent with the
Namibian education system.

The van Hiele Geometry Test was first developetUbigkin (1982) to test the geometric
reasoning of the American students. Atebe and 8cl{ab08) adapted this test for their
study with the Nigerian and South African studeMs.study is similar to the studies of
Usiskin (1982) and that of Atebe and Schafer (200Bgrefore | utilised the adapted test
as it was used by Atebe and Schafer (2008). Knowiagthe adapted version of the test
was based on the mathematics curricula of Nigerth@outh Africa, | decided to pilot it
in order to check for its suitability in the Namabi context. The pilot study was carried
out with students of a school different from thé@as | used in the actual research
study. Results of the pilot study were discussed amalysed with Atebe and Schafer
during the April 2008 MEd contact session and waesented in a table (see Chapter
four, Section 4.3). The discussion had helped naetermine the relevancy and validity
of the test in the Namibian context.

The manipulatives were not piloted because | fotledmanipulatives tasks to be very

specific and straightforward in relation to the Nlaian curriculum.
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The three methods used in collecting and analysieg data, helped me with the
triangulation of the findings. Triangulation is gefd as “the use of two or more methods
of data collection in the study of some aspectauwrhan behaviour” (Cohen, Manion &
Morrison, 2000:112).

3.8 Ethical issues

This section discusses the ethical issues in ngareh study.

“... and whenever human beings are the focus of tigatton, we must look closely at
the ethical implications of what we are proposiagld” (Leedy & Ormrod2005:101).
The above warning means that a researcher hadligaton to protect the anonymity of
his or her research participants and to keep relsedata confidential (Frankfort-
Nachmias & Nachmias, 1992).

To comply with the warning given above in my resbail heeded the following ethical

recommendations made by McNiff (1996:35):

Negotiate access: The inspector of education oRilmedu circuit was approached at the
beginning of the first trimester of this year (2p0Bhe aim was to seek permission to use
the two selected schools as my research sites., Thennspector of education referred
me to the principals of the two schools. The twiag@pals were approached in February
2008. | explained the aim of my research to themwh @nen asked whether | could use
their schools as my research sites. They positiaghged. After obtaining the permission
from the principals, | approached the students @isdussed the aim of my research
project with them as well. The students agreedarbi@pate in the research. Later in the
course of the first trimester | wrote consent kstte the principals of the two schools
(see Appendix A). Since the students were minorgirdte a consent letter to the

parent(s) or guardian(s) of each student (see Appe®). The letter was given to each
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student to take to his or her parent(s) or guafd)ah received a positive response from

the parent(s) or guardian(s) of each student.

Anonymity: During the discussions with the prindgpand the students, and in the
consent letters, the issue of anonymity was poimetd Both the principals and the
participants were informed that the schools andntmes of the participants would be
kept anonymous. As a result, the research sites vederred to as School A and School
B. Codes were used to refer to the research gaatits, that is, participants from School
A were coded from NNAS 01 — NNAS 20, while the papants from School B were
coded as RNAS 01- RNAS 30.

Right to withdraw: It is the researcher's duty taform the participants that their
participation in the research is strictly voluntgBane, 1990). Therefore in the consent
letter to the parent(s) or guardian(s) and durirggdiscussion with the participants, they
were informed that the participation in the reskamas on a voluntary basis. They had
the right to withdraw from the research at any time

3.9 General issues

This section sheds some light on some of the pnadlencountered during the process of
collecting data. The problems were as follows:

During the administration of the van Hiele Geomelst in School A, 3 participants

were absent. When | enquired from the mathemagiashier about the whereabouts of
these students, | was told that they had permiswobe excused from the afternoon
studies because all three of them had problemsite sit their homes. As a result, these

students were excluded from the entire researotepso

The other problem encountered was the duration hef tlinical interview. The

activities/tasks took longer than anticipated ahlschools. As a result, the participants
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stayed longer at school. The last participant wasrviewed up to half past six and |

offered to take the student home.

3.10 Conclusion

This chapter described the whole research designyo$tudy. It started with an outline
of the orientation in which the study was locat8dhe study was oriented in an
interpretive research paradigm which used quamgand qualitative approaches. The

study was a case study and its meanings and inmoeriaere discussed.

The chapter talked about the research sites artetipants. The sites as well as the
participants and the way they were sampled werertbesl. This study used three
research instruments — documents analysis, vare Hedometry Test and a clinical

interview. These instruments were discussed ancrided in detail.

The process of data collection was also discussektiail. Aspects of validity were also
analysed. The chapter ended with the discussionstioical issues as well as some

general issues that came up during the procesatafollection.

The research design explained the strategies tdatiolg data for the research study. In

the next chapter, the data collected is preseatalysed and discussed.
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CHAPTER FOUR

DATA PRESENTATIONS, ANALYSIS AND DISCUSSIONS

4.1 Introduction

This chapter focuses on the process of presentiagamalysing data and thereafter
discusses the findings. Data presentation referthéomanner in which the collected
information is displayed to the reader of the répdreedy and Ormrod (2005)
recommend that the data should be presented thosoagd, of course, accurately. They
further state that it is helpful to organise sonfighem into tables, figures, and other
concise presentations. Therefore in this studpvehused tables, figures and a graph. The
data presented is that of the documents perusedesi, as well as the clinical interview
results. Data analysis involves “working with dataganising it, breaking it down,
synthesising it, searching for patterns, discowefhat is important and what is to be
learned, and deciding what you will tell othersd(@hwood & Spanneberg, 2000:60).

The analysis started off with an analysis of vasidocuments. These documents are the
Namibian geometry syllabus contents for the jursecondary and senior secondary
phases. The two geometry syllabi were studied aadysed to establish how geometric
concepts are developed from the junior secondaagelthrough to the senior secondary
phase. Thereafter, an analysis was carried outrdieroto determine the relationship
between the senior secondary phase geometry sygllabhd the van Hiele levels of
geometric reasoning. A further document analysis waried out on the national 2007
end-of-year geometry examination questions. This d@ane in order to determine the
highest proposed van Hiele level at which the Grezistudents in Namibia are assessed
in geometry in the end-of-year national examinatiomhis was followed by a brief

presentation of the results of the pilot study.
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The third instrument used was the van Hiele Gegmbtsst (CDASSG). The results of
this test were analysed in order to assign thearebearticipants to the van Hiele levels
of geometric thinking. This was followed by an ays&d of the individual item of the van
Hiele Geometry Test to find out how the researdtigpants tried to answer each item.
The latter was followed by analysis of the resulfsthe clinical interview. The

discussions on some of the findings follow towatdsend of this chapter.

4.2 Document analysis

4.2.1 The relationship between the Junior Secondar vy (JSC) and the
Namibia Senior Secondary Certificate [NSSC (O/H)] g eometry
syllabus contents

Table 4.1 below shows the geometry themes/topicstha learning objectives at the
Junior Secondary Phase in Namibia. This informaigsoextracted from the Mathematics
Syllabus (Namibia. MoE, 2006b:6). The whole mathirsacurriculum constitutes the
themes/topics, the learning objectives and basmpetencies (see Appendix E for the
geometry curriculum). The themes/topics, learnibgctives and basic competencies are

arranged as follows in the syllabus: For examplad@rs:

Theme/Topic 2: Constructions
Learning objective: know how to perform geometricahstructions using straightedges
Basic competencies:
- measure lines and angles
- construct triangles, given three sides; two sides the included angle; a right
angle, and any two sides; or two angles and a sporeding side

- construct other simple geometrical plane figuresifigiven data

From the example above it can be seen that theiftegaobjective is derived from the
theme/topic; it represents the general knowledge wmderstanding, and demonstrates

skills on which students in Grade 8 are assess&dl regard to the theme/topic of
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constructions. The basic competencies, on the dthed, are derived from the learning

objective and are used to develop activities fer students that are aimed at achieving

the learning objective. For the students to redl®elearning objective in the example

above, they are required to perform certain asdwitThese activities involve measuring

of lines and angles and the construction of triamgihen sufficient or adequate

information is provided. Therefore the learningeatijve and the basic competencies are

interrelated in such a way that they show a gradiealelopment of the geometric

concepts.

Table 4.1 Geometry syllabus content: Junior Secondary Pliaseles 8-10

Theme/Topic

Grade 8

Grade 9

Grade 10

1.Geometrical terms
and relationships

Use terminology of
lines, angles and
triangles

Understand and appl
the Theorem of
Pythagoras

YApply the properties of
similar triangles

2. Constructions

Construct and measut
lines and angles;
construct triangles

eConstruct parallel an
perpendicular lines
and angle bisectors.

il Perform geometrical
constructions, for
example: accurate
scale drawings of
maps, nets of cubes,
cuboids, triangular
prisms and cylinders

3. Symmetry and
transformations

Find line and rotational
symmetry in plane
figures

Interpret and draw
reflections and
rotations of plane
figures

Construct and describ
enlargements with
positive whole
numbers as scale
factors

4. Angle properties

Apply the properties o
angles on lines and of
angles in triangles

fKnow and understan
angle properties of
guadrilaterals to solve
problems

1 Know and understand
angle properties of

2 polygons, and of
angles in circles

(D

Table 4.2 below displays the themes/topics andgtdreeral objectives of the geometry

content at the Senior Secondary Phase in Namilbia.ifformation is extracted from the

Namibia Senior Secondary Certificate Syllabus of @rdinary and Higher levels
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(Namibia. MoE, 2005a:6-7). The whole mathematiasiculum contains themes/topics,
general objectives and specific objectives (seeeAdix F). The following example

outlines how the theme/topic, general objective gjmetific objectives are related.

Theme/topic: geometrical terms and relationships
General objective: know and use geometrical terntsthe vocabulary of simple plane
figures and simple solids
Specific objectives:
- use and interpret the geometrical terms: poing, Iparallel, intersecting, bearing,
right angle, acute, obtuse and reflex angles, pelipalar, similarity, congruency
- use and interpret vocabulary of triangles, quatdntds, circles, polygons and
simple solid figures, including nets
- use the relationships between areas of similangtés, with corresponding results

for similar figures and extension to volumes andasie areas of similar solids

The example above shows that the general objedsivderived from the topic; it
represents the general knowledge and understandimd),demonstrates the skills on
which students are assessed in that specific thepie/ The specific objectives are the
detailed and specific content of the syllabus #ratderived from the general objective.
These specific objectives are used to developiieBwon which the students are assessed
(Namibia. MoE, 2005a). The activities developediirthe specific objectives are aimed
at the achievement of the general objectives. Rer dtudents to realise the general
objective in the example above, they need to cautyactivities that involve the use and
interpretation of the geometrical terms as listdte use and interpretation of the
vocabulary of triangles, quadrilaterals, circlegglygons and simple solid figures,
including nets, and use the relationships betweesasa of similar triangles, with
corresponding results for similar figures and egiem to volumes and surface areas of
similar solids. The explanation above demonstrdiesy the theme/topic, general

objective and specific objectives are interrelated.
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Table 4.2Geometry Syllabus Content: Senior Secondary Pl{aisales 11-12)

Themes/Topics General Objectives
1. Geometrical terms and Know and use geometrical terms and the
relationships vocabulary of simple plane figures and simple
solids.
2. Geometrical constructions Measure lines andesngihd construct simple

geometrical figures using straight edges,
compasses, protractors and set squares.

3. Symmetry Recognise properties of simple plagearés
directly related to their symmetries.

4. Angle properties Calculate unknown angles utieggeometrical
properties of intersecting and parallel lines angd
of simple plane figures [reasons may be required
but no formal proofs].

5. Locus Determine the locus (path) of point urctain
conditions

The tables 4.1 and 4.2 above are displayed in dodéy and establish how geometric
concepts are developed from Grade 8 through toestad

4.2.2 The Namibia Senior Secondary Certificate Ord  inary and Higher

levels [NSSC (O/H)] and the van Hiele levels of geo  metric

thinking
Table 4.3 below shows the possible correlation betwthe [NSSC (O/H)] and the van
Hiele levels of geometric reasoning. The van Hibkory is not mentioned anywhere in
the Namibian mathematics curriculum or more spedlify in the geometry syllabus. The
correlation was done by relating the specific otiyes of the geometry syllabus with the
properties/features of the van Hiele levels of gewim reasoning as suggested by de
Villiers (2003:12). The table only shows the theftmscs, general objectives and the
van Hiele levels. The specific objectives could betincluded in this table because they

are too numerous and would have taken up too muetes
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Table 4.3The correlation between the NSSC (O/H) geometntestt and the van Hiele

levels of geometric reasoning

Themes/Topics General Objectives Van Hiele Levels
1 2 3 4
1. Geometrical terms | Know and use geometrical terms and

and relationships | the vocabulary of simple plane figures

and solids X X X
1 2 3 4
2. Geometrical Measure lines and angles; X
constructions Construct simple geometrical figures
using straight edges, compasses,
protractors and set squares X X
1 2 3 4
3. Symmetry Recognise properties of simple plane
figures directly related to thelr
symmetries X X X
1 2 3 4
4. Angle properties Calculate unknown angles usthg

geometrical properties of intersecting
and parallel lines and of simple plane
figures [reasons may be required but

no formal proofs] X X X
1 2 3 4
5. Locus Determine the locus (path) of points
under certain conditions X X

NOTE: An x proposes the van Hiele level at which each geomtteyne/topic is

presented at Grades 11-12 level in Namibia.

To determine the possible van Hiele levels, thecifipeobjectives for each theme/topic
were extracted and compared with the features/ptiepeof the van Hiele levels. For
example, the following are the specific objectivgheme/topic 3 and how they were

related to the van Hiele levels of geometric reasyin

» recognise line and rotational symmetry (includimdes of rotational symmetry)
(van Hiele level 1)

* recognise properties of triangles, quadrilaterals @rcles directly related to their
symmetriegvan Hiele level 2)
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» use the following symmetry properties of circles:

- equal chords are equidistant from centre

- the perpendicular bisector of a chord passes thrthe centre of a circle
- tangents from an external point are equal in length

(van Hiele level 3)

In the first specific objective, students are reggito identify the number or type of
symmetry a given shape has. This qualifies for Male level 1. The second specific
objective requires the students to recognise ptigseof the two-dimensional shapes.
This is the type of geometric reasoning that pievai van Hiele level 2. Students are
required to discuss and know the properties of aha van Hiele level 2. In the third
specific objective, students are required to usesihmmetry properties of the circles and
informally deduce that equal chords are equidistaoin centre, the perpendicular
bisector of a chord passes through the centre afcée and tangents from an external
point are equal in length. This type of geometeasoning is required at van Hiele level
3. After all these relationships between the specibjectives and the van Hiele levels
were established, | indicated it in the table. Tisatvhy the table above shows that the
highest possible van Hiele level at which themed¢i@pcan be taught is level 3.

4.2.3 Past geometry examination questions and the van Hiele levels
of geometric thinking

Past geometry examination questions were extraoted papers 1 and 2 of the 2007
end-of-year Namibian Grade 12 national examinatidingese questions are presented in
figures 4.1 and 4.2 respectively. This sectionvegito establish the highest van Hiele
level at which the Namibian Grade 12 students ssessed at national level.
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Question 4

NOT TO
SCALE

B

In quadrilateral ABCD, AB = AD and BC = CD.
(a) What is the special name given to ABCD?
(b) How many lines of symmetry does ABCD have?

Figure 4.1 A sample of geometry questions from Paper 1 (@myievel-Core syllabus)
of the 2007 end-of-year Namibian Grade 12 natiexaiminations (Namibia.
MoE, 2007a:2

Question 4(a) required students to identify thedgieteral ABCD and state its name. The
question was even made easier by stating thatdjaeent sides are equal in length (AB =
AD and BC = CD). With the provided information, thaadrilateral is identified as a kite.

Question 4(b) tested the students’ knowledge attmutoncept of symmetry which is also
one of the properties of a kite. The students wegqeiired to state the number of lines of
symmetry. In my view, the two sub-questions weraed at assessing van Hiele levels 1

and 2 respectively.
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Question 16

NOT TO SCALE

A circle with centre O has chords BC and AD whick extended to meet at point E.
Angle BAC = 4@ and angle CBD = 25A0C is a straight line.

(a) Give a reason why angle CAD =%25
(b) Find the size of angle BCD, giving a reason forryauoswer.
(c) Find the size of
(i) angle BDA
(i) angle BED
(d) Give the special name for triangle BDE.

Figure 4.2 A sample of geometry questions from Paper 2 (@igir_evel-Extended
syllabus) of 2007 end-of-year Namibian Grade 12Zonat examinations
(Namibia. MoE, 2007h:8).

In sub-question 16(a), the students were requodchow the theoremangles subtended
by the same chord are equalTherefore this sub-question assesses the stsdent’
knowledge on van Hiele level 3 as it requires skilharacterized by informal deduction.
Sub-question 16(b) also assessed the students &tigke level 3. This is because for the
students to solve this type of question they neddechrry out an informal deduction.
Sub-questions 16(c)(i)-(ii) required the knowledgevan Hiele level 2. This is because
the students were required to know the propertigbengiven triangles in order to solve
the questions. The last sub-question assessedutihenss’ van Hiele level 1 of geometric
thinking as it required the students to only idignthe triangle BDE. Students were
expected to use their answer in sub-question ig(tgether with the given value of
angle CBD to identify triangle BDE. From these @tsitions, it can be seen that the

end-of-year national examinations for Grade 12 amibia are set up in line with the

71



Chapter Four: Data Presentations, Analysis and Dggions

objectives as stipulated in the syllabus. It furtsleows that the highest van Hiele level of
geometric reasoning at which the students weresasdan geometry in Namibia in 2007

was level 3.

4.3 Analysis of the pilot study results

In this section the results of the pilot study Eatrout using the van Hiele Geometry Test
are presented and briefly discussed. The analydisese results was done using the (3
out of 5) criterion as proposed by Usiskin (198)e criterion means that a student is
considered to have attained a van Hiele level ibhshe has correctly answered at least
three items of the five items that make up the estbof each van Hiele level. The
modified van Hiele theory was used because levdidisot form part of the van Hiele

Geometry Test that was used in this study.

Table 4.4 Number and percentages of participants at eachHwele level of geometric

reasoning
Classical/modified van Hiele theory
30f5
Van Hiele Level N %
0 25 78.1
1 4 125
2 3 9.4
3 0 0
4 0 0
Total fitting 32 100
No fit 0 0
Totals 32 100

Table 4.4 indicates that 25 (78.1%) of the 32 sttelevho participated in the pilot study

were found at the pre-recognition level. 4 (12.52%)l 3 (9.4%) of the participants were
respectively found at van Hiele levels 1 and 2. &ohthe participants was either at van
Hiele level 3 or 4. The table further shows thatle participants were assignable to van

Hiele levels of geometric reasoning using the 8 w&n Hiele modified theory.

72



Chapter Four: Data Presentations, Analysis and Dggions

4.4 Analysis of the van Hiele geometry test results

4.4.1 Assignment of van Hiele levels of geometrict  hinking

Usiskin (1982:99) proposed a schematic descriptfa82 possible profiles of meeting or
not meeting the criteria at the five van Hiele lsveogether with the corresponding
weighted sum and assignment of forced van Hielel¢ewor this study, the schematic
description was adapted to give 15 profiles asemesl in table 4.5A and table 4.5B.
This was done because the research participantSrace 12 students, ideally who are
expected to function up to van Hiele level 4. Theaning of the weighted sums is

explained in Chapter 3, Section 3.2

Table 4.5A Schematic description and number of studentsael ef forced van Hiele
assignment, School A subsample.

Weighted Level 3of5 Total (%)
_sum 1 2 3 4 criterion at level
Forced VHLO = 0CO, MO 4
2 X 2
4 X 0
8 X _ 1 7(35)
Forced VHL1=1C1, M1 X 5
5 X X 0
9 X X _ 0 5(25)
Forced VHL2 =3C2, M2 X X 5
11 X X X _1 6(30)
Forced VHL3=6 X X 0
7C3, M3 XX X _2 2(10)
Forced VHL4 =13 X X 0
14 X X X 0
15C4, M4  xx X X _0 0(0)
Forced No Fit =10 X X 0
12 X X _ 0 _0(0)
Totals 20(100)
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NOTE: An x indicates that the student has met theraoiteat that level.

Table 4.5A indicates that of the 20 (3 studentsewavsent) School A subsample that
participated in this research study, 7 (35%) werhe pre-recognition level of geometric
thinking. 5 (25%), 6 (30%) and 2 (10%) were respety found at van Hiele levels 1, 2

and 3. None of the students reached van Hiele vel

Table 4.5B Schematic description and number of studentsaeh éevel of forced van

Hiele assignment, School B subsample.

Weighted Level 30of5 Total (%)
sum 1 2 3 4 criterion at level

Forced VHLO= 0CO, MO 1

2 X 7

4 X 2

8 X 2 12(40)
Forced VHL1=1C1, M1 X 5

5 X X 1

9 X X _ 0 6(20)
Forced VHL2=3C2, M2 X X 6

11 X X X _ 1 7(23.3)
Forced VHL3 =6 X X 0

7C3, M3 X X X 2 2(6.7)
Forced VHL4 =13 X X X 0

14 X X X 1

15C4, M4 X X X X _0 1(3.3)
Forced No Fit =10 X X 1

12 X X _ 1 2(6.7)
Totals 30(100)

NOTE: An x indicates that the student has met theraoiteat that level.

Table 4.5B depicts that of the 30 (all studentsemeresent) School B students who

participated in this research study, 12 (40%) wetand at the pre-recognition level of
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geometric thinking. 6 (20%), 7 (23.3%), 2 (6.7%)dah (3.3%) were respectively
functioning at van Hiele levels 1, 2, 3 and 4 obmgetric thinking.

Table 4.6Number and percentages of students at each foereHliele level

School A ool B
Level N % N %
0 7 35 12 40
1 5 25 6 20
2 6 30 7 23.3
3 2 10 2 6.7
4 0 0 1 3.3
Total Fitting 20 100 28 93.3
No Fit 0 0 2 6.7
Totals 20 100 30 100

From the table above it can be seen that all 20%)0of School A participants are
assignable to van Hiele levels, compared to theiggaents of School B where 28
(93.3%) are assignable and 2 (6.7%) do not fitatieria for classification. A further
analysis was carried out to determine the distioioubf the School A and School B

students into the van Hiele levels according todhssical/modified van Hiele levels.

Table 4.7 Number and percentage of School A and School Rlesiis at each
classical/modified van Hiele level

Classical/Modified van Hiele levels

Levels School A School B

N % N %
0 7 35 12 40
1 5 25 6 20
2 6 30 7 23.3
3 2 10 2 6.7
4 0 0 0 0
Total Fitting| 20 100 27 90
No Fit 0 0 3 10
Totals 20 100 30 100

Table 4.7 shows that using the (3 out of 5) modifian Hiele theory, all (100%) of the

School A students are assignable to the Hiele $evidgle table further indicates that using
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the same theory, only 27 (90%) of the School B etisl are assignable to van Hiele

levels of geometric thinking, with none of themaleimg van Hiele level 4.

And the number of students in School B who could fitothe classification criterion
increased to 3 (10%) compared to the 2 (6.7%) erd.6. The information in the table
above is presented in the figure below.

Assignment of the participants to van Hiele levelaising the modified van Hiele

levels (3 out of 5).

The bar graph in the figure below shows how th¢ig@pants were assigned to van Hiele
levels using the modified van Hiele levels. Usiski®82:79) refers to the van Hiele
theory with level 5 as the “classical theory”, vehithe theory without level 5 is called the
“modified theory”. This study uses the modifiedahefor the reason that level 5 was not
part of the test that was used. The representagtow indicates the modified van Hiele

levels and the percentage of students at each level

Assignment of van Hele levels

100

O School A
B School B

Percentages
cB883588388

I

Level 0 Levell Level2 Level3 Level4

Modified van Hele levels

Figure 4.7 Bar graph of the assignment of participants to iffetlvan Hiele levels.

The figure shows that there were (40%) of the piadints from School B, compared to

the (35%) of the participants from School A who &at the pre-recognition level.
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The graph reveals that the percentage of partitspainlevel 2 in both schools is more
than that at level 1. In School A, 25 % of partaifs were at level 1 and 30% were at
level 2. In School B, 20% were at level 1 and 23.8%e at level 2. This finding is
consistent with those of Atebe and Schafer (200@) Esiskin (1982). In the study of
Atebe and Schafer (2008), 24% of the students Iogeria were at level 2 with 22% at
level 1. 24% of the students from South Africa watréevel 2, while 22% were at level 1.
Also Usiskin’s (1982:105) results showed that “1886 23% of her research participants
were respectively at levels 1 and 2”. This studyld not establish the reason for this
finding. But | opined that perhaps the items fonwudiele level 2 of the test were
straightforward and biased towards the identifmatf properties of shapes, whereas the
items for van Hiele level 1 were about recognisisigapes by means of visual
considerations of the concept as a whole withoudliek regard to properties of its

components which is more difficult for some of gtedents.

From the graph it can further be seen that 10%adigpants in School A and 6.7% of
participants in School B were at level 3. And nafethe participants from the two

schools was at level 4 as per the 3 of 5 of theifieddvan Hiele levels.

The findings presented in the figure concur withstn of the previous research studies
(Usiskin, 1982; Burger & Shaughnessy, 1986; Sefi891 Pusey, 2003; Siyepu, 2005;
Atebe & Schéfer, 2008). The findings of the studiesntioned here, indicated that the
majority of their research participants were fodae operating at the pre-recognition
level, and that a very small number of studentsaipd at van Hiele levels 3 and 4. This
is problematic, as in Namibia, level 3 skills aeguired to successfully complete the
Grade 12 syllabus. Teaching and learning in geomstmainly focused on van Hiele
levels 1 and 2, with a small amount of geometrykatmeing done at level 3. My results
show that most participants only operate on the@cegnition, 1 and 2 levels.

| now provide a detailed analysis of each itemhefvan Hiele Geometry Test.
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4.4.2 Analysis of items

In this section students’ performance per itenoakéd at.

Table 4.8Van Hiele Geometry Test: Item analysis for eacfeli@er school

Level Choice Item 1A 1B 2AB2 3A 3B 4A 4B ©5A 5B

1 A 00 15 22 ©6 6 1 6 12 ]
B 46 1 O 1 O 6 130 1
C 10 3 3 11 19 12 5 5 3
D 00 1 3 2 3 0O 41 0
E 15 24 0 2 0O 2 1 22 O

2 ltem 6A 6B7A 7B 8A 8B 9A 9B 10A 10B
A 12 0o 2 4 0 12 15 21
B 12 20 2 1 1 7 11 1 4
C 35 16 20 6 11 2 4 0 2
D 02 1 4 1 7 22 2 2
E 4 1 1 3 8 5 4 6 1 1

3 ltem 11A 11H2A 12B 13A 13B 14A 14B 15A 15B
A 01 5 9 0 2 410 3 5
B 6 13 0 1 5 10 7 55 10
C 6 3 2 1 0 45 9 2 2
D 3 3 4 0 1 0 2 3 3 b
E 5 10 9 1914 14 2 3 7 7

4 ltem 16A 16BL7A17B 18A 18B 19A 19B 20A 20B
A 3 4 7 11 2 5 2 10 6 12
B 0 4 1 0 1 3 513 2 2
C 7 3 2 12 7 7 22 5 9
D 2 8 4 4 0 1 72 2 4
E 811 6 310 14 4 3 5 3

NB: The figures in bold represent the total numbestatients who answered that item
correctly. The A and B represent School A and StBoo
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Table 4.8 indicates how the students tried to angaeh item in each subtest of the van

Hiele Geometry Test. The item analysis was donepletest as follows:

Subtest 1: van Hiele level 1

The students of School A performed well only in thiet four items of subtest 1. The
table shows that 15 (75%), 15 (75%), 11 (55%) ahd6D%) of School A managed to
answer items 1, 2, 3 and 4 in that order, comptodtie students of School B, with 24
(80%), 22 (73.3%) and 19 (63.3%) who managed tavanghe first three items as
reflected. School B did not do well in item 4 wahly 5 (16.7%) managing to answer the

item correctly. Both schools did poorly in item 5.

Item 5

I J K L
Which of these are parallelograms?
A. 1 only
B. L only
C. land K only
D. Jand L only

E. All are parallelograms

Figure 4.3 A sample of the items for Subtest 1.

The correct answer for the item in Figure 4.3 isich E. Table 4.8 indicates that only 2
(10%) of School A subsample knew that all the gigeadrilaterals can be referred to as
parallelograms, while none from School B subsamgplethe answer correct. This shows
lack of knowledge about ‘class inclusion’ in 18 ¥80and 30 (100%) of the students who

participated in this research study.

Subtest 2: van Hiele level 2

Students in both schools performed fairly well tamis 6, 7 and 10. Of the 20 students of
School A, 12 (60%), 16 (80%) and 15 (75%) respebtianswered items 6, 7 and 10
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correctly, while 20 (66.7%), 20 (66.7%) and 21 (J08b6 the students from School B
managed to answer the same items correctly. Raatits from both schools did not do
well in items 8 and 9. Of the 20 students of Schob (30%) compared to 11 (36.7%)
of the 30 students from School B managed to anstear 8 correctly. Both schools
performed poorly in item 9.

[tem 9.

An equilateral triangle is a triangle with all thleree sides equal in length. Two
examples are given below.

Which of (A) — (D) is true in every equilateralangle?

A. Each angle is an acute angle.

B. The measure of each angle must bt 60

C. Each angle bisector is a line of symmetry.

D. Each angle bisector must also bisect the oppsgie perpendicularly.
E. All of (A) — (D) are true.

Figure 4.4 A sample of the items for Subtest 2.

Of the given choices for the item in Figure 4.4gick E is the correct answer. Table 4.8
indicates that only 4 (20%) of School A particimaanhd 6 (20%) of School B participants
answered the item correctly. This means that 80%hefparticipants from each school
incorrectly answered the item. This reveals stuglelsick of knowledge about the
properties of an equilateral triangle.

Subtest 3: van Hiele level 3

In general, the performance of the participantstdoth schools in subtest 3 was very
poor, except for School A in item 13, where 14 (7086 the participants correctly
answered the said item. Subtest 3 is about studemwing the properties of given

figures and using these to place figures with commmperties in one class. Of the five
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items of the subtest, item 12 was extremely poattgmpted by both subsamples. This

item is presented in the figure below.

Item 12
Which istrue?

A. All properties of rectangles are properties lbparallelograms
B. All properties of squares are properties ofettangles.

C. All properties of squares are properties opalallelograms.
D. All properties of rectangles are propertieslbfquares.

E. None of (A) — (D) is true.

Figure 4.5A sample of items for Subtest 3

The correct choice is D. From Table 4.8 it candenghat only 4 (20%) of participants in
School A correctly answered the item, while non®)®f the participants in School B
answered the item correctly. This situation mednag 80% of School A and 100% of
School B research participants did not know thetiaregles have common properties with

squares. This suggests that students have difésult understanding ‘class inclusion’.

Subtest 4: van Hiele level 4

The research participants performed poorly in thidbtest. Only 10 (50%) of the
participants in School A answering item 18 corrgctiompared to 14 (46.7%) of the
participants in School B. The figure below presentsample of the items for subtest 4.

Iltem 20

Here are three properties of a figure.
Property P: It has diagonals of equal length,.
Property Q: Itis a square.

Property R: It is a rectangle.

Which istrue?

P implies Q which implies R.
P implies R which implies Q.
Q implies R which implies P.
R implies Q which implies P.
R implies P which implies Q.

moowz

Figure 4.6 A sample of items for subtest 4.
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The correct answer for this item is Choice C. Tahk shows that only 5 (25%) of the
participants in School A correctly answered item @mpared to 9 (30%) of the
participants in School B. The item wanted the stisldo establish the relationship
between a square and a rectangle that is brougli &ty the concept of diagonals. The
item further wanted the students to establishdlequare is a special rectangle. | suggest
that the use of the concept ‘implies’ might havesel a problem to the students. The

notion of ‘implication’ may be unfamiliar to studksn

Participants’ performance at each van Hiele level

The bar graph in Figure 4.8 below presents theopmdnce of the research participants
in each subtest of the van Hiele Geometry Test. fEpeesentation indicates the van

Hiele levels and the percentage of the scoresrmddaiy the students per item per level.

The bar graph shows that School A performed bettsubtests 1 and 3. The participants
from School A obtained 55% and 34% in the subteétievels 1 and 3 compared to
45.3% and 31.3% obtained by the participants framo8l B in the same subtests. On the
other hand, School B outperformed School Asubtests 2 and 4. Tlggaph shows that
School B obtained 54.7% and 32% in subtests 2 amelsgectively, while School A
obtained 52% and 27%.

A further revelation made by the graph is that plaeticipants answered the subtests of
van Hiele levels 1 and 2 far better than the stwbtees van Hiele levels 3 and 4. This is
because the first two van Hiele levels are abosualisation and analysis of the
geometric shapes, while at van Hiele levels 3 atfie4students are required to carry out

proofs.
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Figure 4.8 Bar graph of the performance of the participanteah van Hiele level in
percentages

From the graph it can be seen that the performahttee participants from School B was
inconsistent. The said participants performed bettt&an Hiele level 2 than level 1; this
is still observed with regard to their performaimcéhe subtests of van Hiele levels 3 and
4. | therefore opined that because the van Hielentgry Test was in the form of
multiple choice, the participants from School B htihave guessed to obtain the
answers. This type of performance might have lettiéanajority of the participants from
School B being assessed as operating at the prgngion level, and to three of them
not fitting the classification criterion. Finallihe graph shows that participants from both
schools performed better in the subtests of vaheHevels 1 and 2 than in van Hiele
levels 3 and 4. This is because the items for vi@teHevels 1 and 2 are straightforward

compared to that of levels 3 and 4 where informal farmal deductions are required.

4.5 Analysis of the clinical interview

Clinical interviews were used by Burger and Shaegbky (1986) and Feza and Webb

(2004) as their tool for collecting data. The réswiere used to assign their research

83



Chapter Four: Data Presentations, Analysis and Dggions

participants to van Hiele levels. For this reseateiay, | have used the clinical interview
to help me establish whether the seven selecteticipants would confirm similar

patterns of geometric reasoning as they did invédre Hiele Geometry Test. The seven
selected participants were purposefully drawn ftbmlarger population of the research
participants who were already assigned to van Heslels using their results for the van

Hiele Geometry Test performance.
Exploratory Analysis

To analyse the results of the clinical intervievadiopted an exploratory analytic method
used by Mayberry (1983), Genz (2006) and Schéafdr Atebe (2008) (see Chapter 3,
section 3.6). The exploratory analytic method eedlvhe to establish patterns in the way
the participants geometrically reasoned about themgtric concepts they have dealt
with.

In order to explore the patterns of geometric reaspthat could possibly be displayed
by the participants, students carried out certaitiviies. These activities included

identifying and naming of geometric shapes, definshapes and sorting geometric
shapes by class inclusion. This meant that thacgaahts were first given geometric

shapes to identify and name. Thereafter, the [aatits were asked to define the given
shapes by using certain properties. These acsvigminated in the participants being
expected to sort the geometric shapes by classsiod. The results of the activities were
used to establish the type of reasoning each opdntcipants had shown. The result of
each activity was recorded in a table. The resmoo&¢he participants were further used
to conduct unstructured interviews. This was done order to gain a deeper

understanding of how these participants reasonedtdbe given geometric concepts.
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Identifying and naming shapes task:

Table 4.9Number of students who named geometric shapesatlyrrand who stated the

correct reason for naming each shape.

Shape | Name of shape No. correctly naming No. stating correct reason
No. shape
School A School B School A School B
(n=3) (n=4) (n=3) (n=4)

1 Rhombus 3 2 3 3
2 Isosceles trapezium 2 3 2 3
3 Rectangle 3 3 3 3
4 Obtuse-angled

scalene triangle 2 4 1 4
5 Rectangle 0 3 0 3
6 Square 2 4 3 4
7 Isosceles trapezium 2 3 1 4
8 Kite 3 3 2 2
9 Rhombus 2 2 2 1
10 Isosceles triangle 3 3 2 3
11 Parallelogram 3 2 3 3
12 Equilateral triangle 1 3 1 3
13 Rhombus 2 1 2 1
14 Isosceles triangle 1 2 0 2
15 Rectangle 3 4 3 3
16 Isosceles trapezium 2 3 1 1
17 Rectangle 2 3 2 3
18 Equilateral triangle 1 2 2 2
19 Rectangle 1 2 1 1
20 Right-angled

trapezium 2 3 1 2
21 Right-angled

isosceles triangle 2 1 1 1
22 Right-angled

isosceles triangle 1 2 0 2
23 Square 3 3 3 3
24 Right-angled

isosceles triangle 2 2 1 3
25 Parallelogram 3 3 3 4
26 Right-angled

trapezium 0 2 1 2
27 Scalene triangle 2 4 2 4
28 Kite 3 4 3 3
29 Parallelogram 3 4 2 3
30 Right-angled scalene

triangle 2 3 2 3
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Table 4.9 shows some important misconceptions ageatnetric concepts among the
research participants. Most of the participantsitified shapes by the property of sides.
This finding is consistent with that of Schafer ahgbe (2008) and that of Burger and
Shaughnessy (1986). Six out of the seven studdattified the shapes by the property
of sides. The table shows that students can eailytify a shape when it is in an
orientation that they are familiar with. For exampshapes No. 3, 5, 15, 17 and 19 are
rectangles. It was easy for the students to resegsiiape No0.3 as a rectangle (all three
students of School A and 3 of the four studentsffechool B). This was different with
shape No.5 where none of the seven students mdhse it is also a rectangle. This

observation is evidenced in an interview with sitdéNAS13.

The interview took place as follows:

Researchel: have seen that your answer for shape No.5 isuargq Are you sure that it
is a square?

StudentYes, sir

ResearcheNVhy do you refer to it as a square

Student] have measured the angles. The angles afe86h

Researchels that enough to justify your answer?

StudentJa...ja. | think so!

ResearchemDid you measure the sides of the shape?

StudentNo. Sir, | only measured the angles.

ResearchefTry to measure the sides.

Studentl am trying.... Sir the side on top is equal to tine at the bottom. And the one
on the right is equal to the one on the left. Thémnk it isnot a square

ResearcheMow, what name do you give to shape No.5?

Student:Sir, I think, hmmm...it is a rectangle.

ResearchefThank you very much for participating in this intiemw,

The interview with student NNAS13 shows that somuelents are likely to use only one
property of a given shape for its identificatiordaraming. This type of reasoning mainly

prevails in students who are operating at either ghe-recognition level or van Hiele
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level 1. This is because at those levels studemtisenuse of the physical appearances

only to identify and name shapes.

All of the seven students recognised shape No.Xbrastangle. Six of the seven students

managed to use the property of sides to justify slgpe No.15 is a rectangle.

The following are some of the common reasons udezhwquadrilaterals were identified:
“it's having four sides”, “the opposite sides amadlel”, and “all sides are equal”. One
student RNAS18 explained that “a trapezium is aini@s a triangle but its top is not
pointed and its base is wider than the top”. Thisvgs that students are used to a certain
orientation of specific shapes. For example, ingatrangled trapezium some students
were unable to recognise that it is also a trapeziwe to its orientation. For example,
shape No.20 (a right-angled trapezium), only twéhefstudents from School A and three

of the students from School B were able to recagthiat it correctly.

The most commonly given reason(s) for the iderdtfan of triangles is/are “it is having
three sides”, “three sides are equal”, “two sidgsa¥’, and “no side is equal”. The first
reason refers to a triangle in general. The seaodhird reasons refer to equilateral and

isosceles triangles respectively, while the laasoa refers to a scalene triangle.

Another issue revealed by this task was that ndribeostudents spoke about “isosceles
trapezium”, “right-angled trapezium”, “right-angladosceles triangles”, “right-angled
scalene triangles”, “obtuse-angled triangles” aadute-angled triangles”. Instead, the
students just indicated “trapezium” and, “isoscelegjuilateral, and right-angled
triangles” in general. This type of revelation sisothat despite the students being
provided with mathematical sets, they did not et effectively to establish these extra
properties that could help them to distinguish émpms among themselves. These
findings are consistent with that of Schafer andb&t (2008).
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Table 4.10Number of students who successfully sorted shapgesgroups of triangles
and quadrilaterals.

Activity School A (n = 3) Schol B (n = 4)
No. correctly sorting shapes
into 3-sided and 4-sided 1 0
shapes
No. sorting shapes by
property of sides 2 4
Concept Triangles| Quadrilateralg Triangles Quadrilaterals
No. stating the correct name
of the group of shapes 1 2 3 1

Table 4.10 indicates that none of the students f&mmool B managed to correctly sort
the shapes into two groups of 3-sided shapes asided+ shapes. For example, one
student, RNAS18, from School B tried to list dowrages under “Group A” as triangles
but included shapes No. 8 and No. 13 which areskit® answer the question “What
would you tell someone to look for in order to pickt, from among these shapes, a
shape that belongs to: Group A?” the student RNAS{@ained thatdll the shapes in
Group A are most triangles only two kites are alBere and they have three sides”.
Student RNAS30 did not list down the shapes thiingeto Group A, instead the student
indicated that all the shapes under Group A areggliRiangles triangles”. Student
NNAS19 included shape No.0 (pentagon) in Group & stmape No. 28 (kite) in Group B
respectively. This student, in Question 2(ii) (a)ds“look at how many sides does the
shape have. Which shows that all angles from Giyave 4-sides’The student made
this remark without knowing that shape No.0 thasvircluded in Group A (4-sided
shapes) has five sides. For Question 2 (ii) (3, dame student saidbbk at the sides
must have 3 sidedjut shape No0.28 is a kite and it has four sides.

Even though none of the participants from Schooh&haged to correctly list/sort the
shapes under Group A and Group B, all managedate #tat triangles have three sides
while quadrilaterals have four sides. Only two stud from School A managed to

correctly sort shapes by property of sides.
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Only one student from School A stated that shap#s 3vsides are called triangles and
two stated that all 4-sided shapes are quadrilatdraSchool B, three students indicated
that shapes with 3-sides are triangles, while amyg student indicated that 4-sided

shapes are quadrilaterals.

Defining shapes task

This activity expected the participants to defile fgiven shapes by means of their
properties

Table 4.11Defining shapes task.

Shapes Number stating the correct definition
School A (n =3)| School B (n =4)

1. Parallelograms 1 0

2. Rectangles 2 1

3. Rhombuses 2 0

4. Squares 3 4

5. Trapeziums 3 1

6. Isosceles triangles 2 3

Table 4.11 shows how the students performed irtable of defining shapes. It reflects
that all the seven students managed to define arsqd’his shows that most of the
students are more familiar with a square than therocshapes. The table further shows
that students of School A had a better understgndirdefining the given shapes than
students of School B. There is a weak understanaiingng students with regard to the
concept of parallelogram. As can be seen from Tallg, only one student from School

A managed to define a parallelogram, while thers m@ne who could do so in School B.

The following are a few examples of the definitidrem the students about trapeziums:

Student NNAS15%Only one pair of side on top must be parallel

From the definitions, student NNAS15 has tried égbecise with regard to the definition

of a trapezium-hence the use of the phrase “ongypair of side”.
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This student’s definition was spoiled by the inabms of the phrase “on top”. The
definition implies that the “only one pair of sidethich must be parallel should be on
top. The question is “on top of what?” Leaving the phrase “on top”, the definition is
still imprecise and incorrect. This is becausedtuglent left out the concept “opposite”.
The correct definition should have been “Only orar pf opposite sides must be
parallel”.

Student NNAS19: When you look at a trapezium it has two sides ngowairbit like
towards one another but on top of these two eqnastlthere is a shorter length than the
bottom side, which is longer”.

Student NNAS19 has tried to describe an isoscetggetium because it has two equal
adjacent sides. The student lacks geometrical ponaksation of the concepts “isosceles
trapezium and adjacent sides”. He used the phyajgpéarance to describe the shape.
This type of reasoning is likely to place this snteither at the pre-recognition level or
van Hiele level 1. The student further made usplofses such as “on top”, “a shorter
length”, and “the bottom side”. These demonstratg the student has the knowledge
that when a trapezium is in the orientation as lesd by the student, there are bottom
and top sides that are related. The descriptiotdcoot explicitly make it clear how the
top and the bottom sides are related. This meaatstlie definition is incomplete. The
other aspect revealed by this student’s definii®nhe use of physical appearance to
describe a shape. This is a result of the studdatls of knowledge about the precise

properties of a trapezium.

Student RNASO5: A shape which have two parallel diagonals, but qaallel
diagonals are shorter than the other”.

Student RNASO5 demonstrates a grave lack of geanatnceptual understanding. The

student confuses diagonals with sides. The studéid of the diagonals of a trapezium

being parallel which is never true.

90



Chapter Four: Data Presentations, Analysis and Dggions

Student RNAS30: Trapezium it have greater base on the bottom afidt lower base on

top on it and this base are parallel and two sidgsar.

Student RNAS30 also described an isosceles trapeZitne student talked of “greater
base on the bottom of it”, “lower base on top dnaitd “this base are parallel and two
sides equal’. Despite using confusing phraseshasehe understanding that the student
was talking about an isosceles trapezium. Thisestudoes not posses the knowledge
about the meaning of a ‘base”. That is why the ettidtated that the “base are parallel”.
This shows that this student does know that a kefses to the bottom side of the shape

(in this case a trapezium).

All the definitions above reveal that even thoulhattthe research participants are Grade
12 students, they still have a problem in using dppropriate descriptions to describe
most of the geometric shapes. The definitions &rrtshow that most of the research
participants lack fundamental geometrical concdjsaizon.

Sorting by class inclusion task
This task required the participants to identify coom properties among the given shapes

and sort them by class inclusion.

Table 4.12An example of possible class inclusion: Quadnikte

Quadrilaterals No. stating the correct possible clss inclusion
(Class) School A (n = 3) School B (n ¥ 4
1. Parallelograms: Squares,
Rhombuses, Rectangles 0 0
2. Rectangles Squares,
Rhombuses, Parallelograms 0 0
3. Squares Rhombuses,
Rectangles 0 0

The table shows examples of possible class inaigsith regard to quadrilaterals. As it
can be seen, none of the seven students manadedrtiahe classes as shown. This
means that students sorted the shapes so as tbipadhss inclusions. This finding is
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consistent with that of Schafer and Atebe (2008).sAven students, (3 from School A
and 4 from School B) excluded rectangles, squangsrhombuses from the class of

parallelograms. They did not perceive squares@amngles, or squares as rhombuses.

Table 4.13An example of a possible class inclusion: Triaagle

Triangles Number of students stating the class
inclusion
(Class) School A (n =3)| School B (n=4)

1. Acute-angled triangles:

(12; 20; 27) 0 0
2. Right-angled triangles:

(21; 22; 24; 30) 0 0
3. Equilateral triangles:

(10; 12; 14; 18) 1 1
4. Isosceles triangles:

(10; 21; 22; 24) 2 1
5. Scalene triangles:

(4; 27; 30) 2 1

Table 4.13 indicates that all the seven studenttudgd isosceles triangles (shapes No.
21, 22 and 24) from the class of right-angled tylas (shapes No. 21, 22, 24 and 30).
None of the seven students realised that the seal@gmngle (shape No.27), and the
equilateral triangle (shape No. 12) belong to tlassc of acute-angled triangles (shape
No. 12, 20 and 27). Only two of the students frochdl A recognised that the class of
isosceles triangles included triangles (shapes W®1, 22, and 24) compared to one
from School B. Two of the students from School Aliged that the class of scalene
triangles included obtuse-angled triangle (shape & acute-angled triangle (shape
No0.27) and right-angled triangle (shape No0.30),levbnly one student from School B
managed to state that class inclusion.
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Table 4.14Students’ responses to the class inclusion task.

Question posed No. with correct response
School A (n =3)| School B (n =4)

Is shape No0.23 a rectangle? 0 1

Is shape No. 17 a parallelogram? 0 1

Is shape No. 6 a rhombus? 1 0

Is shape No. 1 a parallelogram? 1 0

Is shape No. 30 a scalene triangle? 2 2

NOTE: A student was considered to have answered corrédctie/she responded in
affirmative and gave a correct reason to justig/ter answer (Schafer & Atebe, 2008).
From the table, it is clear that class inclusioroige of the major problems as far as
students’ geometrical conceptualisation is conakridone of the three students from
School A had the knowledge that shape No. 23 (argfjioelongs to the set of rectangles,
while there was only one student from School B whew about this class inclusion. A
rectangle belongs to the set of parallelogramsnbuae of the three students from School
A appreciated that rectangles belong to the setddllelograms, while only one student
from School B could indicate that. Only two studeffom each school knew that the
right-angled triangle (shape No0.30) is a scaleaagte.

The outcomes of the manipulatives showed that radndhe seven students correctly
identified and named all the 30 shapes. Most omtlshowed the line of reasoning at
either the pre-recognition level or van Hiele letelbecause when they were asked to
describe the given shapes, they only described thethe property of sides. Most of the
seven participants did not know the propertieshefdiven shapes they dealt with. They
lack the knowledge required by van Hiele levelThe participants were unable to form
class inclusions. This showed that the participargee not familiar with the concept of
class inclusion which is one of the features opprties of van Hiele level 3. Therefore,
this indicated that none of the participants digpththe line of reasoning at van Hiele
level 3. The results of the manipulatives are cirst with that generated with the van
Hiele Geometry Test. The majority of the particifsawere mainly operating at the pre-
recognition level, and a smaller but significanimier at van Hiele levels 1 and 2.
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4.6 Discussion

During data analysis, certain issues emerged. Sdrtiese issues were: how geometric
concepts are developed through to Grade 12; sorte afhallenges in learning geometry
at Grade 12; the relationship between the van Hiedery and the NSSC (O/H) geometry
curriculum; using the van Hiele levels to determistedents’ geometric reasoning;
language issues and class inclusion. Therefordiioeissions in this section are based on

these topics.
4.6.1 How geometric concepts are developed through to Grade 12

Tables 4.1 and 4.2 indicate that the geometry coné Junior Secondary phase is
strongly linked to the geometry content of the Seidecondary Phase in Namibia. The
only exception is the addition of theme/topic 5tibe Senior Secondary Phase. In my
view, theme/topic 5 in the Senior Secondary Phasengtry content is a consolidation of
the work done in theme/topic 2 of both phases. Thisecause theme/topic 5 involves
constructions that are mainly done in theme/topicSRerard (1981:23) states that
“geometric skills are important in architecture ateign, in engineering, and in various
aspects of construction work” (see Chapter 2, 8e@i3). Therefore, | consider that the
inclusion of theme/topic 2 in the geometry syllabboth the junior and senior secondary
phases asserts the importance of geometry. Throogstructions, students can develop
skills of applying geometry through modelling andolgem-solving in real world

contexts (see Chapter 2, Section 2.3). The othghtsHifference in the geometry

curricula of the two phases is the inclusion of ttencept of transformation in

theme/topic 3 of the junior secondary while it @& the case with the senior secondary

phase.

In my view, geometrical concepts are graduallyeajuentially developed from the junior
secondary phase through to the senior secondasgepkar example, in theme/topic 4 in
Grade 8, students are expected to “apply the ptiegasf angles on lines and of angles in
triangles”; in Grade 9, students should “know aniblerstand angle properties of
guadrilaterals to solve problems”; while in Gradé, ktudents should “know and
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understand angle properties of polygons, and ofleangn circles. In Grade 12,
theme/topic 4 requires the students to “calculatenown angles using the geometrical
properties of intersecting and parallel lines amochpte plane figures — triangles,
guadrilaterals, other polygons and circles (reasoag be required but no formal proofs).
The discussion above shows the gradual developof@aincepts, that is, students should
be able to know about triangles, quadrilateralsl, atter polygons while in Grades 8, 9
and 10. This knowledge is expected to be used ésetistudents while in Grade 12 to
solve problems that concern the stated geometncegis.

4.6.2 Some of the challenges in learning geometry  at Grade 12

Despite the apparent gradual development of coac&pbles 4.1 and 4.2 only to a small
extent support Clements and Battista’s (1992:42#jncthat geometry curricula consist
of a “hodgepodge” of unrelated concepts with ndesyatic progression to higher levels
of thought, levels that are required for sophisédaconcept development and substantive
geometric problem solving (see Chapter 2, Sectial). For example, in Grade 9,
students are expected to “apply the Theorem of @&yttas”. This theorem is not
mentioned in either Grade 8 or 10. It is also nantioned under the geometry
curriculum in Grade 12. Now, the question is whéh tthe students in question know
about the “Theorem of Pythagoras” in order for thtenapply it?” Are the students only

expected to know about the theorem in Grade 9 ahéurther than that?

Tapson (2006:90) defines a polygon as “a planeeslcampletely enclosed by three or
more straight edges”. Therefore the introductiothef concept polygon in Grades 8 and
10 causes the students in Grade 9 to believerihagtes and quadrilaterals are not also
part of the class of polygons. This is becauseGhade 9 syllabus only talks about the
concept of quadrilaterals with no reference to tomcept polygon. If the syllabus
(Namibia. MoE, 2006b) required the students to kratwut the concept of polygon, the
concept should have been used consistently thratghe Junior Secondary phase. This
would make students understand the concept polygom Grade 8 and carry that
understanding through to the higher grades. Theegnof polygon is still confusingly

used in Grade 12. That is, students should betaldalculate unknown angles using the
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following geometrical propertge “angle properties of triangles and quadrilateralsd
angle properties of regular and irregular polygoms'my view, this is confusing because
“an equilateral triangle and a square” are alsaulexgpolygons. And the remaining
triangles and quadrilaterals are simultaneousggirtar polygons. Again, the question is
which of the shapes are referred to as regulamdrich are irregular polygons? Another
challenge learnt from the results of the van Hi€@eometry Test and the clinical
interview is that, even if the students know thenea of geometric figures, they are not
familiar with their properties, and are not alwalse to point out specific differences
expressed in the definitions (see Chapter 2, Se@id). This finding was evidenced by
responses to Figures 4.4 and 4.5, and the re$utensin Table 4.11.

Figure 4.4 tested the students’ knowledge abouptbperties of an equilateral triangle.
The results from this item showed that 80% of esaitool’s participants did not know
that all the listed properties are for an equiktéiangle. Figure 4.5 asked the students to
establish how a square is related to a rectandle. dutcome showed that 80% of the
participants from School A and 100% of the paracis from School B did not know
about the relationship between a square and angdetalable 4.11 reveals how students
attempted to define the given shapes. It emergatdnibne of the students from School B
could define or describe a parallelogram and a thamby using their properties.
Therefore, if these are typical of geometric reasppatterns demonstrated by Grade 12

students, learning geometry is problematic.

4.6.3 The relationship between the van Hiele theor y and the NSSC
(O/H) geometry curriculum

Table 4.3 shows that none of the general objectilesrly depicts the features of van
Hiele level 4. None of the learning objectives shbat students should be able to carry
out any formal proof; instead the general objectorethemef/topic 4 states that students,
when calculating unknown angles, may be requiredgioe reasons, but no formal

proofs”. This shows that van Hiele level 4 is nequired by the geometry curriculum at
the senior secondary phase in Namibia. Therefopeopose that the highest van Hiele
level that a student can attain at senior secongdugse in Namibia is level 3.
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Consequently, Table 4.3 answers the research quoedti of this research study.
Answering of research question 1 is further sumubtby the fact that the geometry
curriculum does not talk about concepts such aghag, postulates and theorems” that
are dominantly spoken about at van Hiele level 4gebmetric reasoning. Previous
studies (Usiskin, 1982; Mayberry, 1983; van Hi€l®86; Senk, 1989; Teppo, 1991,
King, 2002; Pusey, 2003; Siyepu, 2005; Genz, 2@16be & Schafer, 2008), suggest
that the learning and teaching of geometry at sesegondary phase should reach van
Hiele level 4 (formal deduction). In my view, theeagnetry content at the senior
secondary phase in Namibia is learnt and taughamatHiele levels lower than van Hiele
level 4. As a result, the Grade 12 students in Narare not compatible with Grade 12

students in other countries as far as geometry leune is concerned.

4.6.4 Using van Hiele levels to determine students ' geometric
reasoning

Tables 4.5A and 4.5B indicate that the majorityhaf participants in this research study
were found at the pre-recognition level. The tabieseal that 7 (35%) of School A

participants and 12 (40%) of School B participamtse at the pre-recognition level. In

both schools, the number of participants who werendl at van Hiele level 1 was less
than the number of participants at van Hiele |&:€lhe results established that 5 (25%)
and 6 (30%) of the participants in School A wergat Hiele levels 1 and 2 respectively.
In School B, 6 (20%) of the participants were at Yaele level 1 and 7 (23.3%) were at
level 2. Only 2 participants from each of the sdhosere found at van Hiele level 3.

Table 4.6 shows that one participant from SchoblaB reached van Hiele level 4. This
table displays the result of the forced van Hikeory. But Usiskin (1982:35) warns that

“forcing a van Hiele level is tantamount to assugnihat the theory does hold and that
those students who do not fit would have fit ifrlh@ad been more items or better items
to minimize random error misclassification”. Thenef | do not accept the result of

School B which shows that there was one studentehohed level 4. This is because |
do not want to assume that the theory holds, fer bason that the levels were
determined on the basis of the forced van Hielerthenstead | consider the results of
Table 4.7 to be more appropriate than Table 4.@&réfore | suggest that Table 4.7
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answers research question 2 of this research siinly.is due to the fact that Table 4.7
uses the classical and modified van Hiele theoege (Ehapter 3, Section 3.2 for the
explanation of this theory). This means that thaderl2 students in the sample function
at a level of geometric thinking fitting with themathematics curriculum. The result of
the CDASSG test is consistent with the first paM\irzup’s (1976) claim as cited in
Usiskin (1982:35-36) that the majority of our higghool students are at the first level of
development in geometry. On the other hand Taldeddes not concur with the last part
of the said claim which says that “while the couitsey take demands the fourth level of
thought”. This is because according to the geonmingent at the senior secondary phase

(Table 4.3), the highest proposed van Hiele le¥glemmetric thought is level 3.

The use of both the CDASSG and the clinical inawin the form of manipulatives
shows an appropriate way of assessing studentshggic reasoning. Therefore the two

instruments complemented each other.
4.6.5 Language issues

Van Hiele (1986) states that language is a crysaai of the learning process as students
progress through the levels of thinking (see Sacfid.5). This means that students
should use appropriate language in order to mowm fone level through to the next

level. In support of the latter statement, Maybeft®83), Burger and Shaughnessy
(1986), and Fuys et al. (1988), in the same sectiann that imprecise language plagues

students’ work in geometry and is a critical fadgtoprogressing through levels.

The following are some of the examples of impre¢eseninologies extracted from the
responses of the participants in the clinical wieaw: “sguare, pallalelograms, rhomas,
reactangle, pallilegram, rhombas”. Schafer and &tép008) warn that such use of
imprecise terminologies, should not be taken fanggd and considered to be mere
spelling mistakes; instead they should be takemwsy because they may lead to an
inhibition of conceptual understanding of geometdoncepts. For example, the
description given by the student who referred tth@mbus as “rhombas” is “two sides

are pallallel”. In this case, the name of the shiaperong as well as the word parallel.
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Even though teachers are encouraged to considstutients’ language when developing
ideas, there is a need for students to be ablsdacarrect mathematical terminology by

the end of the topic (see Chapter 2, Section 2.5.5)

The three methods of data collection used in thuslyshave helped in answering the
research questions. The results of the van Hietar@®é&y Test and the clinical interview
revealed that the students have a lack of conceptakerstanding in geometric concepts.
It further emerged from the results that most o fharticipants in the study could
describe shapes by the property of sides. The CIBA&St and the clinical interview

have shown that class inclusion is a big probleeneat Grade 12 level.

4.6.6 Class inclusion

Subtest 3 for van Hiele level 3 contained itemd tkated the participants’ knowledge
about class inclusion. From Table 4.8 it can b ¢kat the research participants did not
do well in subtest 3. Tasks 4 and 5 of the mantpuda were about class inclusion. The
outcomes of the said tasks showed that the studemds participated in the clinical

interview did not perform well.

From the findings above it can be seen that claskision is a problem. Therefore |
suggest that, because the students could onlygsornetric shapes by class inclusion
when they knew their properties, the research @pants had problems with the
properties of geometric shapes. When students khewproperties of each geometric
shape, they will be in a position to identify propes that are common among them. This
will further help them to sort the shapes by clagdusion considering the common

properties.

4.7 Conclusion

This chapter dealt with my data analysis. This d@se by first perusing documents such

as the Namibian mathematics junior secondary anaissecondary phase syllabi. From
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the document analysis it emerged that the junicorsgary phase geometry content is

strongly linked to that of the senior secondarysgha

The senior secondary phase geometry syllabus wirefuanalysed in order to determine
the highest possible van Hiele level required by ffamibian mathematics curriculum.
Even though the van Hiele theory is not mentionegwhere in the mathematics
curriculum, features of the van Hiele levels wesedito align the general objectives of
the NSSC (O/H) geometry content with the van Hielels of geometric reasoning. This
alignment resulted in the van Hiele level 3 beihg highest possible level a Grade 12
student in Namibia can attain. This finding wagter supported by the analysis made on
the 2007 geometry Grade 12 end-of-year examinafigstions. It also revealed that the
highest possible van Hiele level a Grade 12 studantbe assessed at in the national
examinations is level 3. After this, the analydishe van Hiele Geometry Test followed.
The results of the van Hiele Geometry Test concuwith the findings of other previous
researchers that used the van Hiele theory. Thesdts of the CDASSG test revealed
that the majority of students who participated his tstudy were operating at the pre-
recognition level, with a significantly smaller nber attaining levels 1 and 2. There was
a very small number of students who attained vaseHevel 3. And by using the 3 of 5
classification criterion, with specific referenae the classical and modified van Hiele
levels, it emerged that none of the students mshidy had attained van Hiele level 4.

To support the results of the CDASSG test, a dinicterview with manipulatives was
also used as an instrument to collect data. Thdtsesf the clinical interview were also
analysed. It emerged that of the students whacgaated in the study, class inclusion

remains a big challenge in the learning of geometry

Finally, the results of both the CDASSG test and thinical interview showed that
students can be in the same grade but operatéferedi van Hiele levels of geometric

reasoning.

The next chapter concludes the whole researchgtroje
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CHAPTER FIVE

CONCLUSIONS

5.1 Introduction

This chapter provides the conclusion of the whekearch project. It includes a summary
of the findings and highlights the significancetloé study. It further outlines some of the
limitations, recommendations and avenues for furttesearch studies. As a novice
researcher, | gained valuable experience in theegss of conducting this research.
Therefore, this chapter ends with a reflection lvé £xperience | have gained from
conducting this piece of research.

5.2 Summary of findings

Findings of this research study are discussed tailde chapter four. These findings
were generated by using three instruments - docuaralysis, the van Hiele Geometry

Test and the clinical interview.

5.2.1 How geometric concepts are developed through to Grade 12

The analyses of the junior secondary and senioorslcy phase geometry content
revealed that there is a strong link and coherémteeen the two syllabi contents. The
two syllabi contain the same themes/topics. Ithieirtemerged that the importance of
geometry is emphasised in the curriculum. Thisllisstrated by the inclusion of the
theme/topic such as “constructions”. Constructiares fundamental to train students to
gain basic geometrical skills that they can ussotge problems in the real-life world.
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5.2.2 Some of the challenges in learning geometry  at Grade 12

The main challenge found by this study was that gheicipants lacked conceptual

understanding of geometric concepts. | found thahehough that the participants knew
the names of most or all geometric figures or skapeuld not state all or some of the
properties. The participants could define the gigeapes by properties of sides only.
This indicated that even if the students are indéra2, they are unable to use other
properties of the given shapes to define them aatetyu This is problematic as far as
identification of shapes is concerned. This kindgebmetric reasoning displays the
features of a student who is operating at eitheiptie-recognition level or van Hiele level

1.

Sequencing of the learning objectives is not appatgly done. For example, the

learning objectives of theme/topic 1 (Geometrieairts and relationships) from Grade 8
through to Grade 12 are as follows:

Grade 8: use terminology of lines, angles and gtes

Grade 9: understand and apply the Theorem of Pgthag

Grade 10: apply the properties of similar triangles

Grades 11-12: know and use geometrical terms aadvtitabulary of simple plane

figures and simple solids

There should be explicit links between these ohjest But the way the “Theorem of

Pythagoras” is introduced for example creates alpno. This is because the theorem is
not mentioned elsewhere in Grades 8 and 10 ordrsiflabus of the senior secondary
phase. As a result, students would think that ltleerem is only applicable in Grade 9. It
is clear that the theorem is used to establishtioaships between triangles, but the
concern is that the students are required to applyheorem in Grade 9 without previous
knowledge of it. For the students to apply the theoin Grade 9, the theorem should

have been introduced in Grade 8.
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5.2.3 The relationship between the van Hiele theor y and the NSSC
(O/H) geometry curriculum

Since one of the research questions was to detertihhévan Hiele levels required by the
mathematics curriculum, with specific referencgémmetry, the NSSC (O/H) geometry
syllabus was analysed. Despite the Namibian mattiesnaurriculum not referring to the
van Hiele theoryper se by comparing the specific objectives that ar&kdih to the
learning objectives of the Grade 12 geometry sylfalvith the features of the van Hiele
levels of geometric reasoning, it emerged thatethera possible relationship between the
two. From the findings it was suggested that thghést possible van Hiele level of
thinking required by the mathematics curriculumlasel 3. This finding was further
supported by the analysis made on the past geomegstions extracted from the 2007
end-of-year Namibian national Grade 12 mathemajigsstion papers (see Chapter 4,
Section 4.5.3).

5.2.4 Using van Hiele levels to determine students ' geometric
thinking

The use of the van Hiele Geometry Test relatesesgarch study to other previous
research studies. It was found that the majorithefresearch participants of this study
are at the pre-recognition level and van Hielelleleand 2. The results of the test
indicated that of the 50 students who participatetthis study, 19 (38%) were at the pre-
recognition level, 11 (22%) at van Hiele level 3,(26%) at van Hiele level 2 and 4 (8%)
at van Hiele level 3. These results were analyyaasing the 3 of 5 classification
criterion. Research question 2 of this study wasnvaned with the results generated from
the van Hiele Geometry Test. The results showeltthieastudents who participated in the
study are functioning at a level of geometric thiigknot fitting with their mathematics
curriculum. The results of the van Hiele Geometegtlshowed that the CDASSG is one
of the appropriate instruments to assess studgetshetric reasoning. The results further

support the finding of previous research that sttgl@geometric thinking is hierarchical
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in nature. This means that for the student to wstded, for example, the geometric

concepts at van Hiele level 3, he or she shoulthgmugh van Hiele levels 1 and 2.

5.2.5 Language issues

The problem of language was very prominent wherptréicipants were asked to name
and define geometric concepts. The language ussdnappropriate in most instances.
The findings of the clinical interview revealed therong spelling of and incorrect uses
of geometrical terminologies were very widesprenadthe participants’ responses. |
suggest that this may lead to a lack of conceptodérstanding of geometric concepts in
students or students’ misconceptions in geometsyaAesult, students may not do well

in geometry in particular and in mathematics inegah

5.2.6 Class inclusion

The results of both the van Hiele Geometry Test ttedclinical interview concur with
the findings of the previous research studies.tker study, the results suggest that the
students are not or rarely taught about class simhu Knowledge on class inclusion is
essential, because it enables students to estébiisly of shapes, for example, family of
guadrilaterals with common properties. With thioktedge at their disposal students
will be able to do some proofs. The results furtdemonstrate that even though the
research participants were Grade 12 students, #jerity could competently operate at
van Hiele levels that are below level 3. As a restithis, students would find it difficult
to reach van Hiele level 4.

5.3 Significance of the study

The purpose of this study was to explore the appbo of the van Hiele theory to
analyse geometrical conceptualisation in Gradetd@esits. This study is the first of its
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kind to be conducted in Namibia. It therefore apéad to establish whether or not the

application of the van Hiele theory applies to Namibian context.

The other reason for conducting this research stwaly to try and identify some of the
problems encountered by the students in the leguofigeometry and use these findings
to make recommendations where necessary. Furthesrttos study was conducted in
order to determine the compatibility of the Namibigeometry syllabus with the van

Hiele theory.

The findings of this study are intended be usettaim mathematics teachers, especially
in the Kavango Region, on how to use the van Hieéory in order to determine the

geometric reasoning of students in their classes.

5.4 Limitations of the study

The results of this research study could not beegdised due to the following set of

reasons:

* The research sites of this study were schools fom@a urban area only. The
results can therefore not be generalised as thgybmalifferent for example in a

rural school with a lack of resources, or a schoal different city like Windhoek.

* The non-existence of information regarding the gle theory in the Namibian
mathematics curriculum was also a limitation. | wasble to draw from local

examples and knowledge.
» The small number of participants remained anotin@tdtion. The 50 participants

who participated in the study was just a smalliparof the total population of

the Grade 12 students in the whole of Namibia.
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* The highest possible van Hiele level required by MSSC (O/H) geometry
syllabus is level 3. This remained a limitation dese it causes the teaching and

learning of geometry to be only up to van Hieleeley.,

5.5 Recommendations

From the results of the document analysis, it eegetat the highest possible van Hiele
level attainable by a Grade 12 student in Namibidevel 3. This situation leaves the
Grade 12 students in Namibia not being compatibtk other students in the rest of the
world where geometry is required to be taught agalnt up to van Hiele level 4.
Mathematics at post grade 12 level is more abstadttheoretical, and heavily founded
on the basis of proofs. Therefore, any student wehiers these institutions of higher
learning is expected to think at van Hiele levelCurriculum developers and policy
makers should therefore consider revisiting the G8§68/H) mathematics curriculum,
with specific reference to the geometry van Hielel 4. These aspects include proofs of

theorems, conjecturing and working with axioms utklean geometry.

Since the van Hiele theory forms the foundatiommatthematics curricula for countries
such as USA, Britain, Netherlands, Russia, etcredommend that the Namibian

mathematics curriculum should also align itselththie said theory.

The teaching and learning of geometry should ineahore hands-on activities that will
actively engage the students. This will enhancéesits’ conceptual understanding of

geometric concepts.

When teaching about geometric concepts, teachertddsbnsure that students understand
and know the properties of all geometric shapes.kBgwing the properties of the
geometric shapes, students will be able to estalbless inclusion, which according to
this study is sorely lacking. Students can onlyogeise, describe and distinguish

geometric shapes from each other by knowing thejpgrties.
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When teaching about geometric shapes and condepishers should ensure that the
proper geometric terminologies are used by bothttaehers and students. This will
address language barriers in students who use dBngs a second language. This
involves correct spelling of the concepts, propsnpnciations and using the correct

names of the geometric shapes.

5.6 Avenues for further research

This case study forms a useful platform for futtesearch in the following areas:

® the possibility of aligning the Namibian geometoyrraculum with the van Hiele levels
of geometric thinking.

® to establish why students perform better in tHetest of the van Hiele level 2 than in
the subtest of the van Hiele level 1.

® to establish the link between language and therpssgpn from one van Hiele level to

the next with specific reference to the EnglishdecLanguage speakers.

5.7 Personal reflection

As a novice researcher, | found the research psoeedascinating and enriching
experience. When | started with the identificatairmy research topic and questions, |
thought the process was easy. But, when the wriinthe research proposal started, |
realised that doing research needed much of sorseatiention and concentration.
Although the writing of the research proposal dad cause major challenges, | found it
difficult to source relevant literature in Namibibhis difficulty was exacerbated when |

wrote the literature review chapter.
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The process of data collection was also found toHadlenging, because it was difficult
to secure the full participation of people. At fithe participants were uncertain and

afraid to contribute.

5.8 Conclusion

This chapter summed up the whole research prdjetitst discussed the summary of

findings by discussing how geometric concepts axelbped through to Grade 12, some
of the challenges in learning geometry at Gradeth@,relationship between the van
Hiele theory and the NSSC (O/H) geometry curricylamd the use of van Hiele levels to
determinestudents’ geometric thinking and language issues.

The significance and limitations of the study walso discussed. This was followed by
some possible recommendations and the reasonsh&liywtere made. Possible avenues
for future research were proposed. The chaptercewith a discussion on the experience

| gained from conducting the study.

The results of the van Hiele Geometry Test atteftatithe van Hiele theory holds and is

a useful tool to determine students’ geometricopmsy.
This study supports the claim that the van Hiekotl is one of the best frameworks in

exploring students’ geometric reasoning. The figdiralso support the claim for the

theory’s wide applicability.
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Appendix A: Consent letter to the principals of schools A and B

New MillenmiuPark

P.O. Box 1049
Rundu
13 May 2008
The Principal
...... Secondary School
P.O. Box.
Rundu

Dear Sir/Madam

| am registered as a part-time student at Rhodegetsity, GrahamstowrnStudent No:
604M5511) | have been studying for a Master’s degree inndiatatics Education since
February 2007. | would be most grateful if you wballow me to use the Grade 12 class

as the research site for the research report wkaohrequired to write.

The aim of my research is to use the van Hielerthigoorder to analyse geometrical
conceptualisation in Grade 12 students. Data aisalyii be collected from, van Hiele
Geometry Test (the whole class) and a clinicalrinésv (with three or four students,

depending on their performance in the test) fromrygzhool.

The parents or guardians will be asked for permisgd use the Grade 12 students as
subjects for my research study. The data collegiroaess will last approximately for
two weeks 19-23 and 28-31 May 2008 And it will not interfere with the normal school

activities, because the activities will be executethe afternoons.
The school and students will be assured of anoryyimithe final report and will be

invited to proofread drafts of the report to endinag details are accurately recorded and

reported.
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Should you have any concerns or questions abaiteéluest, you can contact me at
+264813132619 or 066-255770.

Yours Sincerely
Mateya, M. (Mr)

CONSENT FORM

Muhongo Mateyais hereby granted permission to use the Graddat2 c

of........ Secondary School as the research site forebearch report he is required to
write for the completion of his Master’s degreenberstand that data for analysis will be
collected from test (whole class) and a clinicééiiew (three or four students) and that
information from these may be used in the finabred have been assured that my

school and my students will have anonymity in tlegiort.

Principal’s Signature Date
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Appendix B: Consent letter to the parent(s)/guardian(s) of the
students

New Millermn Park
P.O. Box 1049
Rundu
13 May 2008

Dear Parent(s) or Guardian(s)

| am registered for a Master’s degree in Mathemsaducation with the Department of
Education at Rhodes University, Grahamstown. Tdifyudar my Master’s degree, | am
required to write a research report on a topic ithhbhked to an aspect of the work
undertaken in the coursework component of the NMfagpeogramme. My research study
is on the use of the van Hiele theory to analysergerical conceptualisation in Grade 12
students. | have chosen this topic because | lgaratlfrom my past experience as a
teacher, that students have problems with geoméitry.the recommendations that will

be made will help to improve the performance oflstis in geometry.

The whole class will take a geometry test and Bierstudents will be selected for the
clinical interview. The six students will be sekttbased on their performance in the test.
| will attempt to answer the following questions:
- what are the van Hiele levels of thinking requibycthe Grade 12 mathematics
curriculum?
- are the Grade 12 students in Namibia functionirg latzel of geometric thinking
fitting with their mathematics curriculum?
Please complete the attached consent form if y@uwvdling to assist me with this
research:
* by allowing me to test your child

* Dby allowing your child to participate in the climicnterview
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Yours Sincerely

Muhongo Mateya (Mr)

CONSENT FORM

| hereby agree to assigiuhongo Mateyain his research. | understand that he will be:
* administering a geometry test to my child to uséis final research report

* conducting a clinical interview with my child angse the information in the research

report.

Parent(s) or Guardian(s)
Signature: Date:
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Appendix C: The van Hiele Geometry Test

APPENDIX C

THE VAN HIELE LEVELS OF GEOMETRIC THINKING:
VISUALIZATION, DESCRIPTION, ORDER AND DEDUCTION.

THE VAN HIELE GEOMETRY TEST
(Grade 12).

Date: ..ccvvvvenviennnnnnn.
INSTRUCTIONS:

1. Do not start until you are told to do so.
2. While you are waiting, please fill the appropriate information in the spaces below.

Name (Surname first): ........................o

Name of school: ....................

3. This paper will last for 30 minutes.

4. It is an objective test, consisting of 20 multiple- choice questions. Provide your
answers on the computer answer sheet that you are given. Do not mark your
answers on the test booklet.

5. Each question is followed by five options lettered A to E. There is only one
correct answer to each question. Choose the correct option for each question and
shade in pencil on your computer answer sheet the answer space which bears the
same letter as the option you have chosen. Give only one answer to each
question.

6. Use an HB pencil throughout.

NOTE: The diagrams in this test are not necessarily drawn to scale.
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Time Allowed: 30 Minutesy
1. Which of these are triangles?

d
~ AN
/ @ Q\j/ A

All are triangles
4 only

1 and 2 only

3 only

1 and 4 only

moQwy

2. Which of these are rectangles?

A. P and R only

B. Qand S only

C. Ponly

D. Ronly

E. All are rectangles

3. ‘Which of these are squares?

X only
U and W only
W only
V and X only
U only

mUOw>

4. Which of these are quadrilaterals?

™
\/ h f § /4
T u Y
LXS /. A
\

None of these are quadrilaterals
T only

U and V only

. Ronly

S and V only

moaQw»

The Van Hiele Levels of Geometric Thinking.
9 April 2008: 10:51:24 AM
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5

~

Which of these are parallelograms?

\V
I only
L only
I and K only
J and L only
All are parallelograms

Mo oW

ABCD is a rectangle. One of its diagonals, BD is drawn.
A B

Which is true in every rectangle?
A. BD bisects ZB and £D.
B. BD divides ABCD into two congruent right-angled triangles.
C. BDis aline of symmetry.
D. BD divides ABCD into two congruent isosceles triangles.
E. BD and DC have the same measure.

iagonals, PR and SQ intersect at T.

8- —=IR

Which of the following is not true in every rectangle?
PR and QS have the same measure.

T is the midpoint of both PR and QS. -

PR and QS have different measures.

There are four right angles.

PS and QR are parallel.

moQw»

The Van Hiele Levels of Geometric Thinking.
9 April 2008: 10:51:24 AM
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8. P and R are the centres of two circles which intersect at Q and S to form a 4-sided
figure PQRS. Two examples are given below.

Which of (A) — (D) is not always true?

. PQRS will have at least two angles of equal measure.
PQRS will have two pairs of sides of equal length.
Angles P and R will have the same measure.

The lines PR and QS will be perpendicular.

All of (A) — (D) are true.

moOowp

9. An equilateral triangle is a triangle with all the three sides equal in length. Two
examples are given below.

/ \ L\

Which of (A) — (D) is true in every equilateral triangle?

. Each angle is an acute angle.

The measure of each angle must be 60°.

Each angle bisector is a line of symmetry.

Each angle bisector must also bisect the opposite side perpendicularly.
All of (A) — (D) are true.

moOwp

10. RSTU is a square. Which of these properties is not true in all squares?

R s

| — ] .

RS and SU have the same measure.
The diagonals bisect the angles.

RT and SU have the same measure.
RT and SU are lines of symmetry.
The diagonals intersect at right angles.

moQw>

The Van Hiele Levels of Geometric Thinking.
9 April 2008: 10:51:24 AM
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11. What do all rectangles have that some parallelograms do not have?

moOwp

Opposite sides are parallel.
Diagonals are equal in length.
Opposite sides are equal in length.
Opposite angles have equal measure.
None of (A) — (D).

12. Which is true?

All properties of rectangles are properties of all parallelograms.

. All properties of squares are properties of all rectangles.

All properties of squares are properties of all parallelograms.

. All properties of rectangles are properties of all squares.
. None of (A) — (D) is true.

13. In the diagram, O is the centre of the circle. AB is a chord and P is any point on
the circumference. Which relationship is true in every circle?

mo QW

P
// // \\ \\\
/ \ \
t £ B 5
A N T
N\ /. X 7
Y /- - i
A B
AAOB is isosceles.
AP and BP have equal measure. »

OA and OB have equal measure.
Z AOB = £ APB.
(A) and (C), above are true.

14. Consider these two statements.
Statement R: In AABC, ZA and £C are complementary.
Statement S: AABC is a right-angled triangle.
Which is true?
A. If Ris true, then S is false.

B.
C.

If R is false, then S is true.
If R is true, then S is true.

D. R and S cannot both be false.

E.

R and S cannot both be true.

15. Here are two statements.
Statement S: Figure 1 is congruent to Figure 2.
Statement T: Figure 1 is similar to Figure 2.
Which is true?

A. If Sis true, then T is false.

B.
C.

If S is true, then T is true.
If S is false, then T is false.

D. S and T cannot both be true.

E.

None of (A) — (D) is true.

The Van Hiele Levels of Geometric Thinking.
9 April 2008: 10:51:24 AM
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16. PQRS is a cyclic quadrilateral. O is the centre of the circle. Line PS is produced to
a point T, outside the circle.

From this diagram, one can prove that £Q = ZRST.What would you conclude
from this proof?

A. Given any cyclic quadrilateral PQRS with PS produced to T, then ZQ = ZRST.

B. Only in this cyclic quadrilateral can we be sure that £Q = /RST.

C. Given any quadrilateral, PQRS with PS produced to T, then £Q = Z/RST.

D. Only when the quadrilateral, PQRS looks like a kite can we be sure that
Z£Q = £RST.

E. Only in some, but not all cyclic quadrilaterals PQRS, can we prove that
Z£Q = /RST.

17. Examine these three statements.
(1). Two lines perpendicular to the same line are parallel.
(i1).A line that is perpendicular to one of two parallel lines is perpendicular to the other.
(iii).If two lines are equidistant, then they are parallel.
In the figure below, it is given that lines S and P are perpendicular and lines T and
P are perpendicular.

Which of the above statements could be the reason that line S is parallel to line T?
A. (i) only
B. (ii) only
C. (iii) only
D. Either (ii) or (iii)
E. Either (i) or (ii)

The Van Hiele Levels of Geometric Thinking.
9 April 2008: 10:51:24 AM
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Appendix D: The Manipulatives: Sorting activities

THE VAN HIELE LEVELS OF GEOMETRIC THINKING:
VISUALIZATION, DESCRIPTION AND INFORMAL
DEDUCTION.

The Manipulatives: Sorting Activities.

Date:......oovviiiii s
Time Allowefl0 minutes

Instructions:

1. Do not start until you are told to do so.

2. While you are waiting, fill in the appropriatgarmation in the spaces below.

AGE (IN YEAIS) ... ittt it e e e e e OBX it

3. This activity involves the identification, degation and classification of some
geometrical shapes in the form of cut-outs.

4. You are allowed to make use of straightedgder@)) protractors, dividers, or any
other mathematical instruments in the mathmalaget that you are supplied.

5. Answer the questions in the spaces provideddoh question.
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Question 1

Placed before you are a set of numbered geomeshiegdes. You are required to identify
each of the shapes by writing the name of eacheshag giving a reason to explain how

you know it is that shape. An example is given.

Shape No.| Name of shape Reason

0. Regular Pentagon It is a polygon having fiveatgides
1.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
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Question 2.

(i) Sort the shapes on your desk into two broad grdipsthe shape numbers only.

Group A shapes Group B shapes

(i) What would you tell someone to look for in ordergick out, from among these
shapes, a shape that belongs to:

(a) Group A shapes

(b) Group B shapes

Answer.

(2) FOr GroUP A SNaES: ... it ie it et et et et e e e ettt e e e e e e eaeeae e aenns

(D) FOr Group B ShapesS: ... cuieit ittt e e e ettt e e e e e e ete e e aenas

(ii) (a). What is the general/common name for all trepss in Group A?

AN 153111

(b) What is the general/common name for all thgpeban Group B?

AN 153 11Y 1
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Question 3
(i) Now, make a further sorting of the shapes in Graupto as many smaller groups as
you can, putting together shapes that are alils®ine way, by completing the following

table.

NOTE: A shape may belong to two or more groups.

Group | Shape Nos.| Common name for these shapes How aredbeshapes alike?

V1.

VII.

(i) Now, make a further sorting of the shapes in GiBupto as many smaller groups as
you can, putting together shapes that are alils®ine way, by completing the following
table.
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NOTE: A shape may belong to two or more groups.

Group | Shape Nos.| Common name for these shapeklow are these shapes alike

VI.

VII.

VIII.

Question 4.

(). What would you tell someone to look for in ordeptok out all the parallelograms
from among these shapes?

AN 1517

(i). What would you tell someone to look for in ordempick out all the rectangles from
among these shapes?

137




Appendices

AN 15311

(iif). What would you tell someone to look for in ordeipick out all the rhombuses from
among these shapes?

AN 151177 S

(iv). What would you tell someone to look for in ordepick out all the squares from
among these shapes?

AN 153 11Y 1

(v). What would you tell someone to look for in ortieipick out all the trapeziums from
among these shapes?

(vi). What would you tell someone to look for in ordepick out all the isosceles
triangles from among these shapes?

AN 153 11Y 1

Question 5.
() (@). Is shape No.23 a rectangle?

AN 1517

(b). How do you know?

AN 1517
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(i(@). Is shape No.17 a parallelogram?

(b). How do you know?

AN 153111

(ii) (a). Is shape No.6 a rhombus?

AN 153 11Y 1

(b). How do you know?

N 153111

(iv) (a). Is shape No.1 a parallelogram?

AN 1517

(b). How do you know?

15T PP
(v) (a). Is shape No0.30 a scalene triangle?

AN 153111

(b). How do you know?

N 153111
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Appendix E: The geometry syllabus for the Junior Seondary

Phase

JUNIOR SECONDARY CERTIFICATE (JSC) GEOMETRY CONTENT

Theme/Topic 1Geometrical terms and relationships

Learning objectives and Basic competencies

Grade 8

Grade 9

Gradle 1

Learning objective:
Understand and apply
geometrical terms and
relationships

Basic competencies:

- use and interpret the
geometrical terms: point,
line, diagonal, parallel,
perpendicular, vertical,
horisontal

- hame angles as right,
acute, obtuse, straight or a
revolution

- identify pairs of angles as
complementary or
supplementary

- use the term “congruent”
for plane figures that are th
same in all aspects

Learning objective:
Understand and apply th
Theorem of Pythagoras

Basic competencies:

- calculate the third side
of a right-angled triangle
if two sides are given

- apply the Theorem of
Pythagoras to prove that
an angle is a right angle

Learning objective:
eéJnderstand the
concept of similarity

Basic competencies:
- recognise plane

, figures that are
similar by referring to
the shape and size
- show that triangles
are similar
- calculate unknown
sides of similar
triangles

Theme/Topic 2Constructions

Learning objectives and Basic competencies

Grade 8

Grade 9

Grade 10

Learning objective:

know how to perform
geometrical constructions
using a straightedge, a
compass and a protractor

Basic competencies:
- measure lines and angles
- construct triangles, given

Learning objective:
know how to perform

of parallel and
perpendicular lines and
angle bisectors

Basic competencies:

geometrical constructions

Learning objective:
Perform geometrical
constructions

of

Basic competencies:

- using a straight edge an
a pair of compass only,

F

- make accurate scale
drawings of maps, plans
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three sides; two sides and
the included angle; a right

angle and any two sides; or

two angles and a
corresponding side

- construct other simple
geometrical plane figures

construct: parallel lines;
the perpendicular from a
point to a line; the
perpendicular from a poin
on the line; the
perpendicular bisector of
line segment; the bisector

from given data

of an angle

and journeys, which

include directions given a

three-figure bearings

It - construct nets of cubes,
cuboids, triangular prismg

aand cylinders

Theme/Topic 3Symmetry and transformations

Learning objectives and Basic competencies

Grade 8

Grade 9

Grade

Learning objective:
Know line and rotational
symmetry in plane figures

Basic competencies:

- identify the number and
position of lines of
symmetry in simple plane
figures and polygons

- locate the centre of
rotation and state the order
of rotational symmetry of
given plane figures and
polygons

Learning objective:
Understand how plane
figures are reflected and
rotated

Basic competencies:
- draw and describe
reflections of plane figures
in vertical and horisontal
lines

- draw and describe
rotations of plane figures
around the origin, a verte
or the midpoint of a line
and through angles which
are multiples of 90

Learning objective:
Understand how plane
figures are enlarged

Basic competencies:

- construct and describe

enlargements with positiv
5 whole numbers as scale

factors

D

Theme/Topic 4Angle proper

ties

Learning objectives and Basic competencies

Grade 8

Grade 9

ader10

Learning objective:
Know and understand angl|
properties to solve problem

Basic competencies:
- identify and use angle
properties to solve problem

Learning objective:

eKnow and understand

sangle properties of
quadrilaterals to solve
problems

Basic competencies:
s identify and use angle

- calculate unknown angles

properties of quadrilateral

Learning objective:
Know and understand
angle properties of
polygons

Basic competencies:
S- identify and use angle
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using the following to solve problems properties of polygons
geometrical properties: - calculate unknown - calculate the sizes of the
angles at a point; adjacent| angles using the interior and exterior angles
angles on straight line; geometrical properties of | of regular polygons

angles formed at the parallelogram, - calculate the sizes of
intersecting lines; angles | rectangle, rhombus, kite | interior and exterior
formed within parallel lines] and square angles of irregular

angles in triangles polygons

- calculate unknown
angles using the following
properties: the sum of the
angles of irregular
polygons; an angle in a
semi-circle; the angle
between a tangent and a
radius of a circle; the
angle at the centre of a
circle is twice the angle at
the circumference; angles
in the same segment are
equal; angles in opposite
segments are
supplementary
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Appendix E: The geometry syllabus for the Senior S®ndary
Phase

THE NAMIBIA SENIOR SECONDARY CERTIFICATE ORDINARY A ND
HIGHER LEVELS [NSSC (O/H)] GEOMETRY CONTENT

Themes & Topics

General Objectives

Specific objectives

1. Geometrical
terms and
relationships

2.Geometrical
constructions

3. Symmetry

Know and use
geometrical terms and
the vocabulary of
simple plane figures
and simple solids

Measure lines and
angles and construct
simple geometrical
figures using
straightedges,
compasses, protractor
and set squares

Recognise properties ¢

simple plane figures
directly related to their
symmetries

sfigures from given data using

f - recognise line and rotational

- use and interpret the geometrical
terms: point, line, parallel, intersecting,
bearing, right angle, acute,

obtuse and reflex angles, perpendicular,

similarity, congruence

- use and interpret vocabulary of
triangles, quadrilaterals, circles,
polygons and simple solid figures,
including nets

- use the relationships between areas
similar triangles, with corresponding
results for similar figures and extensio,

to volumes and surface areas of similar

solids

- measure lines and angles

- construct a triangle given the three
sides using a straight edge and
compasses only

- construct other simple geometrical

protractors and set squares as necess
- construct angle bisectors and
perpendicular bisectors using straight
edges and compasses only

- read and make scale drawings

symmetry (including order of rotational
symmetry) in two dimensions
- recognise properties of triangles,

=]

of

ary

quadrilaterals and circles directly related

to their symmetries

- use the following symmetry properties

of circles:equal chords are equidistant]
from the centre; the perpendicular
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4. Angle properties

5. Locus

Calculate unknown
angles using the
geometrical properties
of intersecting and
parallel lines and of
simple plane figure

Determine the locus
(path) of a point under
certain conditions

bisector of a chord passes through the
centre of a circle; tangents from an
external point are equal in length

- calculate unknown angles using the
following geometrical properties (reas
may be required but no formal proofs)
angles at a point; angles on a straight
line and intersecting straight lines;
angles formed within parallel lines;
angle properties of triangles and
quadrilaterals; angle properties of

regular polygons; angle in a semi-circle;

angle between tangent and radiasgle
properties of irregular polygons; angle
at the centre of a circle is twice the
angle at the circumference; angles in
the same segment are equal; angles i
opposite segments are supplementary

- use the following loci and the methoc
of intersecting loci for sets of points in
two dimensions: which are at a given

distance from a given point; which are

at a given distance from a given straight

line; which are equidistant from two
given points; which are equidistant fro

=}

)

m

two given intersecting straight lines
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