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ABSTRACT

This study is inspired by and utilises the van &ligsleory of geometric thought levels,
currently acclaimed as one of the best framewarkstudying teaching and learning
processes in geometry. The study aims both to ex@ad explicate the van Hiele
levels of geometric thinking of a selected groupgodde 10, 11 and 12 learners in
Nigerian and South African schools. The study ferthims to provide a rich and in-
depth description of the geometry instructionalcpces that possibly contributed to
the levels of geometric conceptualisation exhibitgdthis cohort of high school

learners.

This collective case study, presented in two volsingeoriented within an interpretive
research paradigm and characterised by both giisditand quantitative methods.
The sample for the study comprised a total of l4d&thematics learners and 6
mathematics teachers from Nigeria and South Affidey were selected using both

purposive and stratified sampling techniques.

In using the van Hiele model to interrogate bothrhers’ levels of geometric
conceptualisation and teaching methods in geonoddigsrooms, the study employs a
qualitative and qunatitative approach to the dat&ction process, involving the use
of questionnaires (in the form of various pen-aag@gr tests, hands-on activity-based
tests), interviews and classroom videos. Althoughdata analysis was done largely
through descriptive statistics, the whole procesvitably incorporated elements of
inferential statistics (e.g. ANOVA antukey HSD post-hoc tgsh the quest for in-
depth analysis and deeper interpretation of tha. da&tarners were assigned to various
van Hiele levels, mainly according to Usiskin’s 829 forced van Hiele level
determination scheme. The whole process of ang\tbi& classroom videos involved
a consultative panel of 4 observers and 3 critieablers, using the checklist of van

Hiele phase descriptors to guide the analysis ggoce

Concerning learners’ levels of geometric concejgation, the results from this study
reveal that the most of the learners were notgady for the formal deductive study

of school geometry, as only 2% and 3% of them wespectively at van Hiele levels
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3 and 4, while 47%, 22% and 24% were at levels @nd 2, respectively. More
learners from the Nigerian subsample (53%) wereaatHiele level O than learners
from the South African subsample (41%) at this leM® learner from the Nigerian
subsample was at van Hiele level 4, while 6% of3$leth African learners were at
level 4. In general, learners from the Nigerianssubple had a poorer knowledge of
school geometry than their peers from the Soutlicafr subsample, as learners from
the latter subsample obtained significantly higheean scores in the van Hiele
Geometry Test (VHGT) and each of the other testdl urs this study.

Results relating to gender differences in perforceagenerally favour the male

learners in this study.

For each of the participating schools, learnersi ¥ele levels (as determined by
their scores on the VHGT) strongly correlate wikeit performance in geometry

content tests and mathematics generally. For ehtted\Nigerian and South African

subsamples, fon < 2, learners at van Hiele levalobtained higher means on nearly
all the tests administered in this study than tipgiers at leveh—1 This finding

provides support for the hierarchical propertyhaf van Hiele levels.

Given the van Hiele model of geometry instructiobserved teaching methods in
geometry classrooms of the South African subsarofier greater opportunities for
the learners to learn geometry than observed tegcihnethods in geometry

classrooms of the Nigerian subsample.

On the strength of the findings from this studymsotentative recommendations are

made and areas for future research are specified.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction to the study

Achievement in Science, Technology and Mathema(6§M) are increasingly
recognised as one of the most reliable indicatorarfeasuring socio-economic and
geo-political development among nations (Justir291). Thus, today, in modern
societies the world over, there is a strong emghasithe provision of good quality
STM education (Igbokwe, 2000).

Mathematics plays a pivotal role in STM educatiasi/Azikiwe puts it, “mathematics
is the bedrock of science while science is the s@tefor technological and industrial
development” (Betiku, 1999, p.49). Mathematics ewls creative and logical
reasoning about problems in our inherently geometorld (Clements & Battista,
1992).

In Nigeria and South Africa, mathematics is regdr@s a cardinal factor in the
nations’ scientific and technological advancemestause of its useful links to many
other fields of human endeavour (South Africa, Depant of Education [DoE],
1995; 2003; Federal Republic of Nigeria [FRN], Mimy of Education [MoE], 1985).

Students’ mathematical competencies have beenlgltis&ed to their levels of

geometric understanding (van Hiele, 1986; Fren€i942 My study focuses on the
geometric thinking levels of selected Nigerian a8duth African mathematics
learners in the context of the Nigerian and SoutficAn mathematics curricula, as
mandated by the Nigerian National Policy on Edwra{iNPE) (FRN, MoE, 1998)
and the South African National Curriculum Statem@&€S) Grades 10-12 (2003).

The teaching of high school geometry in many caestfincluding Nigeria and South

Africa) was for a long period of time based on themal axiomatic geometry (see
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section 2.3) that Euclid created over 2000 years (&yeenberg, 1974; Bell, 1978;
Adele, 1989; van Hiele, 1999; French, 2004). Indres, Euclid’s logical construction
of geometry with its axioms, postulates, definisptheorems, and proofs was, indeed,
an admirable mathematical achievement (van Hie8991 However, van Hiele
(1999) expresses the view that school geometry ithatesented in the traditional
Euclidean fashion assumes that school childrenthls& on a formal deductive level.
Empirical evidence, however, indicates that thi:xa¢ the case, as many students
experience difficulty with geometry when it is peased in the Euclidean way (Fuys,
Geddes & Tischler, 1988; de Villiers, 1997; vanlelje999).

In response to many years of students’ experiengioglems with Euclidean formal
axiomatic geometry, many countries (e.g. the Utfe Netherlands and Russia) began
to advocate reform in approaches to school geonirettyeir mathematics curriculum
(Allendoerfer, 1969; Hoffer, 1983). The changed there implemented reflected, for
the most part, changes in didactics in the lighthef research conducted in the late
1950s by two Dutch mathematics educators, PiemeHiale and his wife, Dina van

Hiele-Geldof (see section 2.8).

The van Hieles were experienced teachers in a Meatesecondary school in the
Netherlands who noticed with disappointment thdialifties that their learners had
with geometry, particularly in formal proofs. Thélyerefore conducted research on
thought and concept development among their sctinitdren. Their work was first
reported in 1957 in companion doctoral dissertatianthe University of Utrecht. The
van Hiele model identifies five sequential leveighonking that learners pass through
in geometry. According to the model, the learnssisted by appropriate instructional
experiences, passes through these levels in ardial order, beginning with
recognition of shapes as a whole (level 1), praingsto discovery of properties of
shapes and informal reasoning about these shapebein properties (levels 2 and 3),
and culminating in a formal deductive and rigor@isdy of axiomatic geometry
(levels 4 and 5) (van Hiele, 1986; Fuys et al.,8)98

In the years since 1957, the van Hiele model hasvated considerable research
which has resulted in changes in geometry currigul@any developed countries. In

Russia, for example, results from the van Hielesearch have been applied to the
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school mathematics curriculum, producing appreeiaiphprovement in students’
understanding of school geometry (Hoffer, 1983;detal., 1988). In the U.S., three
similar federally-funded investigations (the Ored®noject, the Brooklyn Project, and
the Chicago Project) were conducted in 1979-198%f@ 1983). The purpose of
the Oregon Project was to investigate the extewhirh the van Hiele levels can
serve as a model to access learners’ understantiogpmetry. The Brooklyn Project
aimed at determining whether the van Hiele modebadtely describes how students
learn geometry, and implemented four instructiomaldules that were detailed in
accordance with the van Hiele levels and phases fsgs et al.,, 1988; also see
section 2.8.2 for the van Hiele phases). The famluthe Chicago Project was to
determine whether the van Hiele levels are usefygrédict students’ achievement in
standard geometry concepts and proofs (Usiskin2;18®ffer, 1983). In all these
projects, the van Hiele model proved to be a uskfrmework for accessing and

unravelling students’ difficulties with school geetry (Hoffer, 1983).

Despite the widespread application of the van Hik&ory to improve mathematics
curricula in many Western countries, only a fewdsts have utilised this model in an
African context. My literature search indicatestttigere has been little investigation
involving the van Hiele model in Nigeria and Soufrica, specifically. Yet more

specifically, published research includes very f&n Hiele studies in South Africa as
a whole and the Eastern Cape in particular (e.illlers, 1994; 1997; 1998; van der
Sandt & Nieuwoudt, 2003; Feza & Webb, 2005; Siye2i)5). And as far as | have
been able to ascertain, not one study has appieedan Hiele theory to determine the
level of geometric conceptualisation of Nigeriagthischool learners. Yet evidence
abounds that many students in both countries enepsavere difficulties with school

geometry (see sections 2.7.2 and 2.7.3).

In acknowledging the difficulties experienced byuBoAfrican school children with
geometry, and affirming the relevance of the vaelélimodel in ameliorating these
difficulties, de Villiers (1997, p.43), for examplasserted that “unless [and until] we
[South Africans] embark on a major revision of tphemary school geometry
curriculum along van Hiele lines, it seems cleaattho amount of effort at the
secondary school will be successful”. Although ¢hisrsome evidence that the current

South African NCS at the intermediate phase (grade® now reflects, to some
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extent, the van Hiele levels (Feza & Webb, 200%),4ame cannot be said of the NCS
at the Further Education and Training (FET) ph&sgepu, 2005). Further, in order to
embark on any major revision of the secondary sctwwiculum in line with the van
Hiele model in an African context, it would seentessary first to determine the van
Hiele geometric thinking levels of the learners aamed. Information on the
instructional practices that produced these leamewuld also play a useful role in the
revision process. Hence, this study was undertakeexplore both the van Hiele
levels of geometric thought among grades 10—12éarin Nigeria and South Africa,
and geometry classroom instructional practices thay have contributed to these

levels.

It might be asked why | chose to investigate thengetric thinking levels of students
in Nigerian and South African secondary schoolsstFl wished to make my research
study relevant not only to my own country, Nigebat also to the country in which |
was registered for this degree. Secondly, Nigend &outh Africa share many
common features. For example, both are multi-etboaieties in which ethnicity and
social stratification have been prominent in théstorical development. South Africa
is still grappling with the devastating effectsd#cades of apartheid and Nigeria is

still grappling with the effects of decades of maity dictatorship.

Further, Nigeria and South Africa have begun teeimito some formal partnerships
in the development of human and natural resoudcefctober 1999, for example,
South Africa and Nigeria established the South cafni-Nigerian Bi-National
Commission (BNC), thereby formalising a strategicaad between the two countries.
A major objective of the commission is to advancel dasten both countries’
transformation and national reconstruction (Zun@@. To aid in the understanding
of a common educational challenge would make aritaniton to this partnership.
Moreover, their individual histories afford evidenthat there are sufficient parallels
between the countries to constitute a basis far thsearch (see Chapter 2 for the

similarities in the mathematics curricula contantboth countries).
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1.2 Research goals

This study sought to achieve three major goalssé&laege the following:

1. To explore and determine the van Hiele levels obngetric thinking of
selected grade 10, 11 and 12 learners in NigedeSath Africa;

2. To explore and explicate the possible correlatitias might exist between the
van Hiele levels and general mathematics achievemkitthe participating

learners;

3. To provide information on geometry teaching in stdd Nigerian and South
African high schools, and hence to elucidate whatsible learning
opportunities observed instructional methods offearners in geometry

classrooms.

1.3 Research questions

In pursuance of the research goals, this studyrgoagswers to and is structured

around three main research questions. These fodass:

1. What van Hiele level of geometric thinking do sédecgrade 10, 11 and 12

learners attain by the end of the study year iir tlespective grades?

2. How does a learner's van Hiele level of geomethimking correlate with
his/her achievement in school mathematics geneaaltin school geometry

specifically?

3. What learning opportunities are evident in selectdzberved geometry

classroom instructions in the participating sch@ols
Although there tends to be a one-to-one correspareddbetween the research

questions and the research goals, it must be gbmié that the questions were not

necessarily intended to set limits on what thiglgtaimed to achieve. Rather, they
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were intended mainly (but not only) to provide argter focus for achieving the

broader goals of this study.

1.4  Methodology

Seeking as it does to understand the participasubjective world of geometry

classroom experiences through direct engagemeist,sthdy is oriented within an

interpretive research paradigm (Lincoln & Guba,3;98onnole, 1998; Terre Blanche
& Kelly, 1999; Schwandt, 2000). It utilises bothaontitative methods (in the form of

basic descriptive statistics) and qualitative mdg¢n the form of interviews and

classroom video study analyses) (Creswell, 2003jsimttempt intensively to study,

describe and interpret (Schunk, 2004) participalegrners’ van Hiele geometric

thinking levels, as well as instructional methodsgeometry classrooms. The study
makes use of data from diverse sources (Cohen,dvigiMorrison, 2000) to ensure

credibility (Lincoln & Guba, 1985; Denzin, 1988).

This research can also be described as a collemdse study (Stake, 2000) conducted
in Nigeria and South Africa. It employs purposiamnple random and stratified
sampling techniques (Cohen et al., 2000) to sedecbhort of 144 high school
mathematics learners (from across grades 10-12)6anththematics teachers for
involvement in the study (see sections 3.3.1 aB®B.In order to answer the research
guestions and, hence, meet the goals of this stadiqus data gathering techniques
were employed. These included questionnaires @nfohm of both traditional pen-
and-paper tests and hands-on activity tests),viet®s and classroom videos (see
Chapter 3).

1.5 Significance of the study

This study is unique and significant on many couBtscause the significance of the
study is described in some detail in section 1thd,present section only highlights

some aspects of this.
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This study is significant and novel as it represets far as | have been able to
ascertain, the first scholarly attempt simultangous compare the mathematical
performances of high school learners and teachigitpoals in geometry classrooms in
Nigeria and South Africa using the van Hiele modeis of great value, if for no

other reason, because it furnishes a baselinenopadson for subsequent studies.

There is a paucity of published research in whicthlaspects of the van Hiele theory
(i.e. the thought levels and the instructional egtlhave been investigated in a single
study, particularly in an African context (see, &tample, Hoffer, 1983). This study
thus owes its unique and significant attributebeng the first, as far as | am aware,
that attempts to link learners’ exhibited van Hidé&yels to their instructional
experiences in geometry classrooms in Nigeria anuttSAfrica. It must quickly be
acknowledged that the result of being comprehenba® however, added to the

volume of this thesis.

Furthermore, there appears to be a dearth of erapigvidence in the literature
linking students’ van Hiele levels with their mathatical knowledge in general (see,
for example, Senk, 1989). By correlating learngesi Hiele levels with their general
mathematical performance, this study has made rfisgnt contribution towards
closing the perceived gap in the existing literatuin addition, the finding that
learners’ van Hiele thought levels correlate sigaifitly with their performance in
school mathematics as a whole (see Chapter 8) dhioal of interest both to
mathematics educators and curriculum developers.oider to improve the
mathematical performance of their learners, teacheuld, for example, attempt first
to raise their van Hiele geometric thinking levéisough the instructional cycles of

the van Hiele model.

1.6 Limitations of the study

This study only represents portraits of selectedners’ mathematical performance
and of teaching methods in geometry classroomsigerth and South Africa based
on the van Hiele model. It does not claim to haaptared and related the entire story

about learners’ van Hiele geometric thinking leyeisr does it purport to discuss
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instructional practices that represent the wholecational landscapes of the countries
concerned. Consequently, as is typical with casdies$, caution should be exercised
in extrapolating and generalising from the findirgfsthe study. Nevertheless, given
the in-depth descriptions of the cases treatelignstudy, it is hoped that many of the
results obtained in the research will resonate imil& contexts. A more

comprehensive discussion of the limitations of #tisdy is presented in section 10.5

of the last chapter.

1.7 Thesis overview

This thesis is presented in two volumes. Volumes themain bodyof the thesis,

beginning with the title page and ending with th&t bf references. Volume 2
comprises the Appendices, and it is intended tdririe to our understanding of the
numerous data collection tools and how these darigd to the various findings

reported in Volume 1.

Chapter 2 contextualises the study within the relevant ditere and provides its

theoretical underpinning. The chapter begins witeaew of the several conceptions
of geometry and how each of these relates to thdystThis is followed by a

discussion of Euclidean geometry as an importavenedominant subject in high

school mathematics curricula in many countriesluiing attention to aspects of its
historical development. Next, the study of schombmetry is problematised against
the objectives of geometry teaching and learnintha Nigerian and South African
contexts. An examination of the conceptual diffimd encountered by learners in
school geometry and their manifestations (e.g. omseptions, imprecise terminology
and classification of shapes) is then presentet iShfollowed by discussion of the
three major causal aspects of students’ poor pedgpoce in geometry — curricular,

textual, and instructional factors — as these @aatified in the literature.

Chapter 2 also presents the van Hiele model of gémnthinking levels as the
overarching theory informing the study. It thencdisses both aspects of the van Hiele
theory (i.e. the thought levels and the instrualgohases) in an attempt to identify

and specify the frameworks within which data cdkekin this study were analysed.
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The chapter ends with a critique of the van Hibleoty and explains how the major

criticisms of the theory were addressed in thigstu

Chapter 3 describes the research methodology. It specifies pgaradigm within
which the study is located, its overall design, iésearch process, and the techniques
employed. The chapter also explains the procedoredata collection and analysis,
and further highlights the validity and reliabilityeasures adopted. Issues relating to
research ethics (e.g. participants’ rights to ateitiality, anonymity and informed

consent) and how these were handled in this stredglao discussed in this chapter.

Chapters 4 — 7 present and discuss the results of the analyseteashers’

performance in both the pen-and-paper tests andisham activity test (see Chapter 3
for these tests), and relate the findings to ttexdiure reviewed in Chapter 2. The
analyses of the results presented and discusséuese chapters focus on school,
grade level as well as gender differences in perémice of the participating learners.
These chapters seek answers to the first researestion, and hence attempt to

achieve the first goal of this study.

Chapter 8 provides a comprehensive analysis of the resuitshe correlations

between learners’ van Hiele levels and their perforce in school geometry as well
as in mathematics generally. The analysis of tealte presented in this chapter also
includes a determination of whether learners aacajt van Hiele levels performed
significantly different from each other on geometgntent tests and on school
mathematics examinations. This chapter attempt®atise the second goal of this

study by seeking answers to the second researcticue

Chapter 9 provides the results of the analysis of instruaiomethods in Nigerian
and South African geometry classrooms and furth&riogates and discusses the
possible learning opportunities that observed teachmethods offer the learners to
learn geometry. The chapter also attempts to rdémers’ exhibited van Hiele
levels to their instructional experiences in geaynetassrooms. Chapter 9, therefore,
seeks to answer the third research question so ashieve the third goal of this

study.
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Chapter 10is the concluding chapter and it provides a syiso@sd summary of the
major findings of the study. The chapter highligtite findings concerning the van
Hiele geometric thinking levels of the participatimearners and the instructional
practices evident in the observed geometry classsoolt further outlines the
significance of the study and articulates its latidns, offers some recommendations,

and ends with a final word of personal reflectiontibe whole research process.

Volume 2 consists of the Appendices which are documentsit@inthe entire tools
used for data collection in this study. It contains letters with which access to the
research sites was negotiated, the various testisijuments and the data each
yielded, as well as the transcripts of the videetbgeometry lessons.
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CHAPTER TWO

THEORY UNDERPINNING THE STUDY

2.1 Introduction

In the course of searching for relevant literattwesupport my study, | found it

convenient to distinguish among three broad categarf studies in geometry (or

more generally, mathematics) education. These are:

1. Those concerned with the formulation of theories, &xample, Piaget and
Inhelder (1969), van Hiele (1986).

2. Those that focus on theory verification, for exagpHoffer (1981), Usiskin
(1982), Burger and Shaughnessy (1986), Fuys €1283).

3. Those that deal with the application of theories, éxample, Mayberry (1983),
Shaughnessy and Burger (1985), Senk (1989), FazsVaib (2005)..

It should, however, be noted that these three oategyimplicitly entail each other

and should not be construed as occupying discostgartments.

The third category distinguished above is of palcimportance on two accounts:
First, there are benefits to be obtained from &apgly theory in a particular context
through an intervention program. The results ofhsan application could yield

insights enabling improvement of the status queo8dly, during the application of a
theory in a given context, further insight abow ffhenomenon being studied could
be gained, which could then inform either a refieaetnof the existing theory or the
formulation of a new theory. It is in this thirdtegory of educational studies that |
situate my study. As pointed out in chapter 1, sinery few studies have utilised van
Hiele’s model of geometric thinking in Nigeria as@uth Africa, this project is of

particular importance to these countries.

In this study, | seek to explore students’ van élildvels of geometric thinking in

relation to mathematics achievement and geometagsobom instruction in an
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African context. The review of the literature peeint to my study, therefore, begins
with an exploration of the concept of geometry. &@ef; | discuss the enviable place
of geometry in secondary school mathematics, baternationally and in the

Nigerian and South African contexts. Third, a rewief some research evidence
illustrating the difficulties encountered by stutiein school geometry is presented.
Fourth, | discuss some earlier models suggestedh®rteaching and learning of
school geometry. Finally, | present the van Hidieory and identify it as the

conceptual basis for the present study.

The main purpose of this literature review, themefos properly to situate my study
within the context of current research groundedam ever-growing number of

theories of teaching and learning.

2.2 The Concept of Geometry

Geometry is the Science which treats of the shajm and position of figures: it is based on
definitions, axioms and postulates: these graraithe rest follows by pure reasoning.

Nixon (1887, p.1)

Considering the difficulties associated with antewpt to define a concept (Orton,
2004), and the fact that most concepts are betteerstood through the listing of a
few examples, one might wish to conclude that mhog such a definition is not
necessary (van Hiele, 1986). This is particularlyetof the concept of geometry,
given its sheer extent as a field of mathematittedys Nevertheless, in order to give
my study a sharp focus and to provide common grdanthe understanding among
various readers of the concept of geometry asléta® to this study, | deem it

expedient to examine a few definitions of geometry.

Borowski and Borwein (1989, p.246) conceptualizergetry as “the elementary
study of the properties and relations of CONSTRUWEL'H [emphasis in the original]
plane figures”. It is the specific mathematical eamatization of the properties and
relations of plane shapes as studied, for exampider Euclidean geometry. An
aspect of my study utilizes Borowski and Borwein&ion of geometry by exploring,

through geometrical construction, students’ un@eding of the properties and
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relations of simple geometrical shapes, like trlasgsquares, rectangles, rhombuses,

trapeziums and circles (see section 3.3.4.1.3 ap@n 3).

Generally, geometry is the study of the propendespatial objects and the relations
between those properties. Van Hiele (1986, p.6Gcrlees geometry, seen as a
science, as a form of study in which “we [as teaghleave no concern for space, nor
for geometric figures in space, but [rather] ordy the relations between properties of
those figures”. In terms of this notion of geometrgn Hiele (1986, p.76) proposes an
“intuitive introduction” to the study of geometry iwhich learners are given the
opportunity for direct observation/manipulationggfometric figures, such as triangles
and quadrilaterals, so as to enable them to alb$tracelations between the properties
of those shapes. A good part of my study explotadesits’ ability to recognize,

describe, classify, and abstract properties oh@ifiess and quadrilaterals, based on

direct observation/manipulation of those shapekerform of cardboard cut-outs.

Clements and Battista (1992, p.420) offer a veryntd and highly comprehensive
definition of school geometry by describing geomets the “study of spatial objects,
relationships, and transformations that have beemdlized (or mathematized) and
the axiomatic mathematical systems that have besstiucted to represent them”. In
linking geometry with spatial reasoning, Clememtd Battista (ibid.) state that spatial
reasoning consists of the set of intellectual psses through which mental
representations of spatial objects and the relshiigps between the properties of those
objects are constructed and manipulated. This saems to indicate that geometry
and spatial reasoning are two interrelated mathiealatoncepts, with the latter, for
the most part, a tool for exploring the formerthis study, learners’ understanding of
spatial/geometrical objects and the relationshipswben the properties of those

objects are explored using various research ingtntsn

The Chambers Dictionary(1998) defines geometry as “that part of mathersati
which deals with the properties of points, linagfaces and solids, either under the
classical Euclidean assumptions, ior the case of elliptic, hyperbolic, etc geomgtry
involving postulates not all of which are identiegith Euclid’s”. In this study, the
properties of lines such as parallelism, perperdity and angle relations with

respect to two-dimensional plane figures are exolor
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The conceptions of geometry offered above appeahtov that there are different
approaches to the study of geometry. Indeed theee maany approaches-
Euclidean/synthetic, analytic/coordinate, transfational, even vectorial but when
the term “school geometry” is used, it is almosivarsally understood to mean
Euclidean geometry (Clements & Battista, 1992, @)4Hence the excerpt at the
beginning of this subsection refers to the studwy dody or system of mathematical
enquiry commonly referred to as Euclidean geométng pedagogical preference for
Euclidean geometry might be due to the highly labgystem of deductive reasoning
that it promises to develop in learners (Suydam85i®ilimonov & Kreith, 1992).

The various conceptions of geometry incorporateraber of technical terms that are
used and understood in different ways. It is hapetl an examination of the structure
of Euclidean geometry may provide some useful pogto a common understanding

of some of this terminology.

2.3 The Structure of Euclidean Geometry: An Historcal Perspective

Thirty years ago high school plane geometry diffdigle from the geometry which Euclid unified and
structured about 300 B.C. For two thousand yeatsr &uclid, geometry to mathematicians was
Euclidean geometry, and for twenty-two hundred gehe geometry studied by students was that of
Euclid.

Bell (1978, p.78)

A discussion of the structure of Euclidean geomatoyld seem imperative, if only
because its study dominated the mathematical wimdover 2000 years (Adele,
1989). Euclidean geometry is a mathematical systexhwas developed by a Greek
mathematician, Euclid of Alexandria, around 300 B(Greenberg, 1974; Adele,
1989). In his seminal workihe ElementsEuclid developed a formal and somewhat
rigid approach to the study of geometry that relsohost exclusively on logico-

deductive reasoning.

Euclid adopted a method that consisted of assumaingmall set of intuitively
appealing axioms from which many other theorems(opositions) could be proved
(Casey, 1889). First, Euclid gave a list of deiamis, and followed this up with five

postulates and five axioms (Euclid, 1952). FromséheEuclid deduced a number of
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propositions, and these constituted the geometay Whas studied for over two
millennia (Eves, 1972; Bell, 1978). Euclidean getsnevas thus indeed a synthetic
geometry in that it made use of definitions, axioarsd theorems to establish
mathematical truth in geometry (French, 2004). Baein geometry relied largely on
a set of well reasoned and highly logical axiontstplates and deductions in proving
propositions or theorems. This postulational apghoéeven though it has been
modified) is still the approach in terms of whicigth school geometry is studied in
many countries, including Nigeria and South AfriBzll, 1978).

Euclid’s remarkable achievement in geometry ishatted to his success in singling
out a few postulates, from which he deduced no thas 465 propositions that
contained “all the geometric knowledge of his tin{&reenberg, 1974, p.9). These

propositions are contained in his bodke Elements

Euclid’s Elementss divided into thirteen Books. The first six dfese Books are on
elementary plane geometry (Boyer, 1968). Book Insepeithout any preamble, with
a list of 23 definitions, 5 postulates and 5 axiofms common notions, in Euclid’s
terms), from which Euclid deduced 48 propositioBadlid, 1952; Boyer, 1968). The
first 26 propositions deal mainly with the propestiof triangles (Eves, 1953).

As stated earlier, for over two millennia Euclideg@ometry was the only type of

geometry that was studied in high schools in manyntries (Greenberg, 1974; Bell,

1978). In the U.K., for example, it dominated thathematics curriculum until the

end of the nineteenth century (French, 2004), an&auth Africa, it was the only

geometry that was studied in many schools (deerd|i 1997). My experience as a
mathematics teacher in Nigeria for over a decadeale that Euclidean geometry
similarly forms the core of the geometry that isdé¢d in secondary education in that
country. Algebra had little place in geometry uritie seventeenth century when
Descartes (1596-1650) created analytic geometrichwiiis afforded an alternative
approach to the study of geometry in many countsen to this day (Struik, 1967;

Boyer, 1968; Adele, 1989; French, 2004).

Although Euclidean geometry dominated the matharaktvorld for over 2000 years,

the end of the nineteenth century and early pattt@twentieth century witnessed the

Page 15



development of forms of non-Euclidean geometry €\953). Euclidean geometry
came under severe criticism due to the controverthat surrounded the parallel
postulate (see section 2.4.5.). The existence oflid&@an geometry was thus
threatened, as mathematicians showed that it wesitge to create geometries other
than Euclid’s through which mathematical truths Idobe established (Gittleman,
1975).

Despite these threats, Euclidean geometry hasv&arvisee section 2.7.1.1), and
today remains a core subject in many mathematiecscala around the world,
including those of Nigeria and South Africa (deliils, 1997). It should, however, be
noted that although Euclid’s postulational geomesstill being studied in many
countries (Netherlands, Russia, U.K., U.S., Nigeaad South Africa), strict
adherence to Euclid’s axiomatic approach has elteen modified or replaced with
alternative approaches (Bell, 1978; de Villiers919French, 2004). Before taking the
discussion to non-Euclidean geometry, howeves itdcessary to clarify some of the
terminology that is likely to be encountered insthstudy. In discussing this
terminology (sections 2.4.1-2.4.5), reference islenanostly (but not exclusively) to
ancient authors in order further to spotlight Historical significance (section 2.3)
and centrality of geometry in the mathematicsicuam (section 2.5.2), even in

times far removed from the present.

2.4  Terminology

2.4.1 Plane Geometry

This is the geometry in two dimensions commonlgnefd to as Euclidean geometry
that is taught in Nigerian and South African scBo®llane geometry investigates the
properties of and the relationships between plagerds (Borowski & Borwein,
1989). Plane figures are two-dimensional shapédsatieadescribed by straight lines or
curves (Nixon, 1887). Examples of plane figureslude circles, triangles,
quadrilaterals and other polygons. Figures thabatsded by straight lines are called
rectilineal figures, and with the exception of thiecle, all figures in Euclidean

geometry are rectilineal (Deighton, 1886).
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The first six Books of Euclid’€lementqsee section 2.3) are on plane geometry. Of
the 48 propositions in Book 1, the first 26 tre&e tproperties of triangles.
Propositions 27 through to 32 concern the theorparfllels and the proof of the
angle sum of a triangle. According to Eves (1938% rest of Book 1 focuses on
parallelograms, triangles and squares. Book 3 cosasrcle theorems and chord and
tangent properties of circles. The theory of prtiparis the subject of Book 5, while

Book 6 focuses on similar triangles (Eves, 1953).

In sum, plane/Euclidean geometry concerns the stlichuch geometrical structures
as points, lines, angles and plane figures. Indlsisertation, plane geometry refers to
the study of the properties of and relations betwieer different sets of geometrical
configurations within the ambits of Nigerian and u8o African curricular
prescriptions for senior secondary education. Thgesametrical configurations are
discussed in subsections 2.4.1.1 through 2.4.1.4.

2.4.1.1 Lines

A line, according to (Deighton, 1886), has neitbezadth nor thickness, but length
only. Euclid (1952, p.1) defines a line as “bredeth length”. With the exception of
the line forming a circle, lines in this study nefe® both intersecting and non-

intersecting straight lines, be they parallel aipeedicular.

2.4.1.2 Triangles
Euclid (1952) refers to triangles as trilateralufigs. According to Nixon (1887, p.2),

“if three straight lines are drawn in a plane sdamtersect two and two, the plane
figure formed is called a triangle”. In this studytriangle refers to any plane figure
bounded by three straight lines (whether drawn apep or cut out of cardboard).
Triangles are described in terms of both side amgleaproperties. For example, a
triangle could be described as a right-angled elesctriangle if it is a right-angled
triangle in which two of the sides are equal, dat i§ an isosceles triangle with one of

its angles a right angle.
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2.4.1.3 Quadrilaterals

A quadrilateral is a rectilineal figure containeg four straight lines (Euclid, 1952).
For the purpose of this study, any plane figureyar or cut-out) bounded by four
straight lines is called a quadrilateral. The quatéirals explored in this study are

squares, rectangles, rhombuses, parallelogramgaekziums.

2.4.1.4 Circles

A circle is a plane figure whose boundary points equidistant from a fixed point

within it (Nixon, 1887). In this study, a circler@dvn or cut-out) is similarly defined.

2.4.2 Definition

A definition states the meanings which are to lacated to certain words, concepts
and geometrical configurations (Nixon, 1887). Aidiion, once given, provides a
ground for common interpretation and understandibgut the sense or usage of a
word or concept among a group of users. InElmments Euclid (1952) provided
definitions for a number of geometrical terms ptimistating his 465 propositions. In
this study, to define a geometrical term means tedesthe discernible general
characteristics of such a term, or to list theinigtishing properties of such a term or
geometrical configuration. The definitions exploradhis study are those of triangles

and quadrilaterals of the various types.

2.4.3 Postulate and Axiom

There appears to be a general tendency for contamypmathematicians not to make
a distinction between an axiom and a postulate. @&y Greeks, however, did
differentiate between the two terms. According t@&£(1972, p.17), “an axiom is an
initial assumption common to all studies, whereg®stulate is an initial assumption
pertaining to the study at hand”. Boyer (1968) dbss an axiom as something
known or accepted as an obvious truth, while aytais is less obvious and does not

presuppose the assent of the learner.
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Deighton’s (1886) notion of axioms is that axiome gheorems that are accepted
without demonstration. Greenberg (1974) considex®nas and postulates as
synonyms and states that an axiom (or a postulatg) statement requiring no
justification before being accepted as true, truthe sense that it is logically correct.
This means that an axiom (or a postulate) is @mstant that the learner already knows
and accepts as logically correct. From this knog#ednd acceptance, the truth of

other statements (propositions or theorems), hidharaccepted, can be established.

The literature seems to indicate that Euclid hifskidl not make any essential
distinction between axioms (which he called commotions) and postulates (Eves,
1953; Boyer, 1968). Nevertheless, Euclid’s five coom notions (or axioms) appear
to be more general and obvious truths than his piestulates, especially, the fifth
postulate (see section 2.4.5). Euclid’s (1952)ydagts and axioms as contained in his

Elementsare as follows:

Postulates

1. itis possible to draw a straight line from anyrgdo any point.

it is possible to produce a finite straight linentiouously in a straight line.
it is possible to describe a circle with any ceiatne distance.

all right angles are equal to one another.

o M D

if a straight line falling on two straight lines kes the interior angles on the same
side less than two right angles, the two straigited, if produced indefinitely, will

meet on that side on which the angles are lesstti®atwo right angles.

Axioms (or Common Notions):

1. Things which are equal to the same thing are ajsale¢o one another.
If equals be added to equals, the wholes are equal.

If equals be subtracted from equals, the remairatergqual.

Things which coincide with one another are equairte another.

ok 0D

The whole is greater than the part.

It was from the above axioms and postulates albatEuclid synthetically deduced

all the 465 propositions contained in Elementgsee section 2.3).
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2.4.4 Theorem

A theorem is a hypothesis in which a specified dmion has to be demonstrated
(Nixon, 1887). Borowski and Borwein (1989, p.588fide a theorem as “a statement
or formula that can be deduced from the AXIOMS dbamnal system by recursive
application of its RULES OF REFERENCE” (emphasisti® original). Mogari
(2002) states that a theorem is a statement tlaaicispted if the grounds on which it
is based are adequate for its assertion. This nmtbahs theorem is an assertion that
has to be proved or demonstrated through the uagioms and postulates. The truth
of a theorem can be demonstrated by a sequenceeddctive reasoning or

experimentation. Euclid made use of the former siyrathetic fashion.

In Nigeria and South Africa, as in many other coiest theorems in high school
Euclidean geometry are verified largely by emplgyanlogical sequence of deductive
reasoning. In this study, problems involving theqis of theorems required the

learners to apply this deductive (or synthetic)rapph.

2.4.5 The Parallel Postulate and the Development dfon-Euclidean Geometries

The fifth of Euclid’s postulates (see section 248mmonly referred to as the
Euclidean parallel postulate, deserves a specialtiore because consideration of
alternatives to it resulted in the developmentai-Euclidean geometries (Greenberg,
1974). The fifth Euclidean postulate, unlike thistfifour, lacks the characteristic of
being “self-evident”, and for over two thousand ngeaggeometers were preoccupied
with attempts either to derive it from the othessfubates and axioms or at least to
replace it with a more acceptable equivalent (E¥653, pp.122-123). Of the several
substitutes considered, the one most commonly issethyfair's postulate named
after John Playfair (1748-1819), who publishedwisk on Euclidean geometry in
1795 (Eves, 1953; Greenberg, 1974). According tesE\t953, p.123), thelayfair’'s
postulatestates that Through a given poinfnot on a given linetan be drawn only
one line parallel to[the] given liné (emphasis in the original). Many high school

geometry texts state the Euclidean parallel postutaPlayfair's formulation.

The controversy that has surrounded the Euclideaallpl postulate is that the fifth

postulate, unlike the first four, neither lend®itseadily to empirical verification nor
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can it be readily abstracted “from our experien¢€eenberg, 1974, p.17). Euclid
had postulated that linesy and | (Figure 2.1), if produced sufficiently far (or

indefinitely), will meet on that side of lirtfor whicha + 3 < 18C.

Figure 2. 1lllustrating Euclid’s parallel postulate

Many geometers have argued that the validity af Ehiclidean assertion may depend
upon the surface on which one is working, and floeee requires empirical

investigation (Mogari, 2002).

Although several attempts were made to derive draliel postulate from Euclid’s
other postulates and axioms, it was only in 1738 8accheri (1667-1733) published
what could be termed the first scientific investiga of the postulate (Eves, 1953).
Saccheri adopted a method of indirect proof comsoaferred to aseductio ad
absurdum(Eves, 1953, p123). By this method, Saccheri #isstumed the postulate to
be false and then worked toward a contradictiory@01968; Burton, 1985; Mogari,
2002). Saccheri’s proof, according to Eves (1983gs follows: If in a quadrilateral
ABCD (Figure 2.2), angles A and B are both righglas, and sides AD and BC have
equal measure, then angles D and C are equalhwvék possibilities:

1. Angles D and C are both equal acute angles;

2. Angles D and C are both equal right angles; and

3. Angles D and C are both equal obtuse angles.
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B
Figure 2. 2Saccheri’s proof of Euclid’s parallel postulate

A

According to Eves (1953, pp.123-124), Saccherirrefe to the above three
possibilities respectively as “tHeypothesis of the acute angl&e hypothesis of the
right angle and thehypothesis of the obtuse argleemphasis in the original).
Saccheri’s grand plan was to show that the hypethe$ the acute angle and that of
the obtuse angle will both lead to a contradictmg so, byreductio ad absurdum
the hypothesis of the right angle will carry withai proof of the parallel postulate
(Eves, 1953). Although Saccheri succeeded in edéitmg the hypothesis of the
obtuse angle, he would not admit his failure tal fancontradiction in the case of the
hypothesis of the acute angle. Instead, Saccheihgbtoo eager to arrive at a
contradiction, twisted reasoning and forced a eatittion into the development of

his proof even when this was not evident (Eves3195

Saccheri, nevertheless, obtained results that gdrosensistent with Euclidean
geometry, and had he not twisted reasoning byrigreito his proof an unconvincing
contradiction, he would unquestionably have beedited with the discovery of non-

Euclidean geometry (Eves, 1953).

Other notable eighteenth-century mathematicians wattempted the proof of the
parallel postulate, and hence contributed to theeld@ment of non-Euclidean
geometries, were Johann Heinrich Lambert (1728-17&7German, and Adrien-
Marie Legendre (1752-1833), a Frenchman (Boyer,8198ccording to Mogari
(2002, p.50), Lambert’s contribution was his suscesthe use of “an acute angle
hypothesis to show that on spherical surfaces uhe &f [the] angles of a triangle is
inversely proportional to the area of the triangl&lthough Legendre was unable to
eliminate the acute angle hypothesis, he nevedbealbtained some useful results that
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he published in his book entitledéments de géométtien 1794, and which were
adopted as a substitute for Euclidean geometryemtr@ Europe and the USA (Eves,
1953, p.125).

It is now known that the geometry that is develofnin a collection of axioms
constituting a basic set together with the acutgeahypothesis is as consistent as the
Euclidean geometry developed from the same basitogether with the hypothesis
of the right angle. Therefore, the parallel postlés independent of the other
postulates, and cannot be derived from it (Eve§3L9According to Eves (1953),
Johannes Bolyai (1802-1860), a Hungarian, and BhlclManovitch Lobachevsky
(1793-1856), a Russian, were the first to discoler fact. Working independently,
both men carried out an extensive development®fatute angle hypothesis which

culminated in the creation of a consistent non-ideelin geometry.

The hypothesis of the obtuse angle was furthersitiyated and from it was invented

another consistent non-Euclidean geometry by Riemmad854 (Boyer, 1968).

Eves (1953) states that the above three geomettias one developed by Euclid, the
one developed by Bolyai and Lobachevsky, and tleedaveloped by Riemann — are
respectively referred to as parabolic geometry,ehyplic geometry, and elliptic
geometry. In Nigeria and South Africa, elementand &igh school geometry is
largely parabolic (i.e. Euclidean), and it is tkisd of geometry that forms the focus
of investigation in this study. Krause (1986) bedie that a basic knowledge of
Euclidean geometry is in any event necessary fer study of non-Euclidean

geometries.

2.5  Geometry within the Wider Framework of School Mathematics

The arguments for including geometry in the math@saurriculum are closely linked to the reasons
why mathematics as a whole is studied. It has lieeneasingly recognised that mathematics should
have a central place in the education of all stteland that geometry in some form has a vital irole
the wider mathematics curriculum.

French (2004, p.2).

The above excerpt from French pleads for a brieiveération of the importance of

mathematics as the grounding for a full appreamtibthe usefulness of geometry in
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the overall mastery of mathematics. Geometry andhemaatics appear to be
inextricably united in their power to promote thevdlopment of logical reasoning in
learners (French, 2004).

2.5.1 Importance of Mathematics

It would seem that mathematics is a universal spgand in all cultures, one form of
mathematics or the other has been studied oveadgles (D’Ambrosio, 1997). All
cultures appear to have accepted the general bletieknowledge of mathematics in
some form is important for the training of the widual and for the development of
the society because of its utilitarian values (8oAfrica, DoE, 2003). Kleiman
(1995), for example, believes that to be humanilenéa ability to think creatively
and communicate effectively, and that mathematicsviges both a vehicle for

creative thinking and a language for effective camioation.

The view that mathematics is necessary for humahsacietal development dates
back to antiquity. Plato (427-348 B.C.), for insten stated that “the study of
mathematics develops and sets into operation aanermanism more valuable than a
thousand eyes, because through it alone can teutpprehended” (Greenberg, 1974,
p.7). According to Greenberi(d.), Plato believed that the universe of ideas isemo
important than the material world of the sensed, that the errors of the senses must
be corrected by concentrated thought which, ind®atiew, is best acquired through
the study of mathematics. Mathematics thus traieshind to think, and to think

creatively, an ability of great importance in alinhan endeavours.

Children are today expected to demonstrate a hmlell of competence in
mathematics because it is generally regarded asfoitee most important subjects in
the school curriculum. In the U.K. (just as in Nigeand South Africa), for example,
the National Curriculum has always designated nma#tiies (not exclusively, though)
as a ‘core’ subject (in South Africa, a ‘fundaménsaubject) (Orton & Frobisher,

1996).

There appears to be consensus among authors ttiemedics is highly esteemed in

all cultures because of the common belief thaistdrs the development in learners of
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logical thinking and problem-solving abilities (Coxd, 1995; Hodgson, 1995;
Kleiman, 1995; Orton & Frobisher, 1996; Jones, lratigThornton & Nisbet, 2002).
According to Orton and Frobisher (1996), and Kleim@995), the reasons why
mathematics is considered a very important sulijetiie school curriculum may be
summarised as follows:

* Mathematics has direct applications in a varietyredl-life everyday human
experiences, for example counting, locating, meagudesigning, building and
so forth.

* Mathematics is important because of its value ihaeging the development in
learners of critical and logical thinking, and plerh-solving skills.

» Mathematics (self-evidently) fosters the developnwérbasic mathematical skills.
According to Sherard (1981, p.19), basic skillsnathematics enable learners “to
function successfully as informed consumers, ascawmed citizens, and as
competent members of the working force”.

* Mathematics aids communication. It is rich in vodalby and therefore gives
precision to our descriptions of our inherently medric world.

* Mathematics underpins advances in science anddgyn and this has led to its
dominance in the school curricula of many countffebe, 2005).

* Mathematics is also important because it forms pannan’s cultural heritage.
Mathematical symbols (and to a lesser extent, quegdave evolved differently
in different cultures (Oliver, 2003). In South Afa, for example, the decimal
marker (.) is represented as a comma (,) diffehemh how it is symbolized in

Nigeria and many other countries. Thus, a Soutlicafr grade 10 learner, very
likely, would express, for example, the fractie41n,as 0, 25 as a decimal fraction,

while a Nigerian grade 10 learner would expressi0.25. It is probable that this
symbolism has some cultural antecedence in SouibaAf

» Lastly, mathematics is important for its aesthegtitues. It can be enjoyed for its
beauty and elegance (Orton & Frobisher, 1996).

It would appear from the foregoing discussion tietions differ only slightly in terms

of the overall objectives of mathematics teachimgdhools. Atebe (2005) expresses
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the view that since the learners for whom currioulabjectives are developed are
expected to live in and contribute to the developimef the society, curriculum
objectives inevitably take into account the neetighe learners and the kind of

society that is envisaged.

2.5.1.1 Objectives of Mathematics Teaching in Niger
According to Badmus (as cited in Atebe, 2005, ppl@2), the objectives of

mathematics teaching in Nigerian schools as outlimethe NationaMathematics
Curriculum are:

a) Developing originality, creativity and curiositythe learners.

b) Acquisition of manipulative skills.

C) Discovering and appreciating the beauty andagleg of mathematics.

d) Demonstrating the applicability of mathematizvarious fields.

Badmus (1997), elaborating on the above objectig=sitifies the following as the
general objectives of secondary school mathemggazshing in Nigeria:
i.  To generate an enduring interest in mathematics@ihaly a solid foundation
for everyday living.
ii. To promote the acquisition of the mathematicallskihd processes necessary
for further education in mathematics and relatetti§.
iii. To apply the knowledge acquired in mathematicsolgesthe numerous and
ever-increasing problems of human life.
iv. To foster the desire and ability to be accurateatdegree relevant to the
problem at hand.
v. To develop the ability to engage in, and practggclal and abstract thinking.
vi.  To stimulate and encourage creativity.

vii.  To develop computational skills.
According to Obioma (as cited in Atebe, 2005),th# above objectives are aligned

with the aim of fulfilling four major aspirationgersonal, utilitarian, social, and

cultural.
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2.5.1.2 Objectives of Mathematics Teaching in Soéthica.

It would seem that the objectives of mathematieshéng in South Africa are mostly
consistent with those in Nigeria. In South Afritlae study of mathematics is largely
predicated upon the belief that “mathematics ersabteative and logical reasoning
about problems in the physical and social world amthe context of mathematics”
(South Africa, DoE, 2003, p.9).

The objectives of mathematics teaching in SouthicAfcould be drawn from three
inter-related headings outlined in the Revised &eti Curriculum Statement, Grades
10-12 (General). These goarpose scope andeducational and career link&South
Africa, DoE, 2003). A careful examination of thentents of these broad headings
suggests that the objectives of mathematics tegéhiSouth African are as follows:

* To develop learners’ mathematical process skil& thould empower them to
make sense of the society, function successfullthen society, and contribute
meaningfully to the development of the society.

* To develop learners’ capacity for the creative kogical reasoning necessary for
identifying, posing and solving real-world problems

* To develop a repertoire of mathematical vocabullaay would enable the learners
to communicate appropriately, whether verbally iotgially.

» Developing in the learners what French (2004, pals mathematical “habits of
mind”, which entails the ever-growing mathemati¢aquest for conjecturing,
investigating, proving, and generalizing.

* To enable the learners to acquire the knowledge siilts needed for further
education.

 To develop learners’ manipulative skills. This uwés the manipulation of

physical objects as well as the mental manipulatioconcepts and images.
The above objectives comprise only an outline oé thverall objectives of

mathematics teaching in South Africa. For more ileteeference should be made to

the Revised National Curriculum Statement Gradel2qGeneral).
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2.5.2 Importance of Euclidean Geometry

Let no one destitute of geometry enter my doors.
Plato (427-348 B.C).

Historically, the literature reveals that althougieometry was developed with
applications to measure the earth (Clements & 8aitil992), Euclid in hiElements
did not stress the practical utility of his geomegiGreenberg, 1974). Evidence could
be drawn from the legend often told about Euclidagrning a beginning student of
geometry who confronted him with this question: awishall | get by learning these
things?” Euclid, it is told, called his slave sayirfGive him a coin [Boyer, three
pence], since he must make gain out of what hen$8gEves, 1953, p.111; Boyer,
1968, p.111; Greenberg, 1974, p.7). Presumablyngey was studied mainly for its
aesthetic values — an attitude still held by mamyntemporary mathematicians
(Greenberg, 1974). The inscription at the entraloc®lato’s rooms — “Let no one
destitute of geometry enter my doors” — nonetheidgstrates unequivocally the
central role that geometry played in the mathersagicterprise of that era (Adele,
1989, p.461).

Euclidean geometry has, however, undergone remigrkedfinements in many
countries such as Russia, the Netherlands, the, Whi. U.S., Nigeria and South
Africa, with the result that the rigid (and somegsnslavish) adherence to Euclid’s
axioms and postulates has been relaxed. Neverthdles fundamental structure of
geometry “as a postulational mathematical systesstill retained, albeit with a shift
of emphasis “to applications of the inductive aedulctive techniques of geometry in
[real-world] situations” (Bell, 1978, p.78; de Vdls, 1997; French, 2004). Perhaps
these reforms account for the survival and contind®minance of Euclidean

geometry in many school mathematics curricula actios world.

There seems to be a general consensus in thetdierénat the major objective of
geometry teaching in schools is to “develop [stusi¢riogical thinking abilities”
(Hoffer, 1981, p.12; Suydam, 1985, p.481; Fren€@942 p.2). It is this objective that
underlies the reason for including geometry in thathematics curriculum, and it
parallels the major objective of mathematics teaghin schools (see sections 2.5.1.1

and 2.5.1.2). Geometry is thus a central compomdnthe school mathematics
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curriculum in Nigeria, South Africa and elsewheF&kN, MoE, 1985; South Africa,
DoE, 2003), and cannot be separated from the maithesncurriculum as a whole
(van Hiele, 1986; French, 2004).

Understanding geometry is an important mathemasikiil since the world in which
we live is “inherently geometric” (Clements & Bati, 1992, p.420). In the U.S., for
example, the National Council of Teachers of Mathgrs working document,
Curriculum and Evaluation Standards for School Mattatics NCTM (1989, p.112),
states that geometry “helps students [to] repreaadt make sense of their world”.
The Council further states that geometry is an gt school subject because it
provides perspectives for developing students’ deédel reasoning abilities and the
acquisition of spatial awareness (NCTM, 1989). lowprg learners’ geometric
thinking levels is one of the major aims of math&osaeducation since geometric
thinking is very important in many specific, tectedi and occupational areas (Hoffer,
1981; Olkun, Sinoplu & Deryakulu, 2005).

In 1976, the National Council of Supervisors of Mahatics (NCSM) in the U.S.
identified geometry as a basic skill in mathemati8berard, 1981). Basic skills in
mathematics, according to Sherard (1981, p.19)yldHte sufficient for our students
so that they can function successfully as inforrmedsumers, as concerned citizens,
and as competent members of the working force”.r&8He(bid.) states that the
NCSM recommended that:

Students should learn the geometric concepts thiéyeed to function effectively
in the three-dimensional world. They should havevkedge of concepts such as
point, line, plane, parallel, and perpendicular....

Explaining why geometry is a basic mathematicdl skid why it should be taught in

secondary school mathematics, Sherard (1981) adsahe following seven reasons.

» Geometry is a basic skill because it is an impadrgad for communication. Our
basic speaking and writing vocabularies are riclnany geometric terms, such as
point, line, angle, parallel, perpendicular, plam&cle, square, triangle, and
rectangle. This geometric terminology helps usaimmunicate our ideas to others

in a precise form.
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» Geometry has important applications to many rdal-tiontexts. Measurements
around our homes and many other aspects of ouy &ifél activities require
geometrical applications.

» Geometry has important applications to many topidsasic mathematics. Many
arithmetical, algebraic, and statistical concepés l@etter understood when given
geometric interpretations.

» Geometry provides a valuable mathematical backgtdanfurther education. In
the U.K., for example, Euclidean geometry was argmeisite for university
entrance (French, 2004).

» Geometry is a basic skill because it is part ofdhkural heritage of humanity. It
has an immediate intuitive appeal at a visual leViére are cultural and aesthetic
values to be derived from its study. In South Adridor example, designs in
beadwork and many other aspects of ethno-matheshatiody make use of a rich
collection of geometric terms (Mogari, 2002).

» Geometry, like mathematics, provides a contextdeveloping students’ logical
reasoning skills (Mogari, 2002; French, 2004).

« Geometry enhances the “development of studentstiadp@erception and
understanding” (NCTM, 1989, p.49).

A conclusion that can reasonably be drawn from dbeve seven points is that
geometry is an important mathematical skill becatuserves, among other things, as
a unifying theme to the entire mathematics curdouland as a tool for developing
students’ skills in logical and deductive reasoni@gometry provides opportunities
for learners to develop spatial awareness, georaétimtuition, and the ability to
visualise and use geometrical properties in a taeé real-world contexts (Jones,
Fujita & Ding, 2006).

In Nigeria and South Africa, geometry is accordedcentral position in the
mathematics curriculum. In the South African math&as curriculum for grades 10—
12, for example, geometry is integral in the stoflalgebra, trigonometry, and even
statistics (South Africa, DoE, 2003). The relatwareater number of questions
assigned to geometry by examining bodies furtheznmglifies the centrality of

geometry to the entire mathematics curriculum. Thilustrated below.

Page 30



| analyzed selected past examination question papermathematics of four
examining bodies, two each from Nigeria and SouificA, in order to determine the
extent of their geometry contents. In Nigeria, tb&amining bodies under
consideration were the West African Examinationan@i (WAEC) and the Joint
Admissions and Matriculation Board (JAMB), while 8outh Africa the examining
bodies were the Independent Examinations Board )(IEBd the National
Examinations Board (NEB). The years covered in &émalysis were 1999 through to
2004, with the year 2000 omitted for lack of aviaidadata. For the purpose of this
analysis, the category of questions consideredaty geometric content were those
that included Euclidean and/or coordinate geome@uyestions that had the visual
appeal of geometric shapes (for example, trianddas}ested students’ knowledge of
other mathematics concepts like trigonometry, faneple, were not included in this
category. The results of this analysis (see tall¢ i2vealed that in both countries,
approximately one-third of the mathematics questiom the Senior Certificate
Examination and the University Matriculation Exaation are based on concepts in

geometry.

Table 2. 1Question numbers having geometric content of faarmening bodies

Year Question Number (Nigeria) Question Number (South Afica)
WAEC % JAMB % IEB % NEB %
n=50 n=50 1&2 1&2
1999 | 17,18,22,32,33,34,35,36,37,38,3944 18,22,23,24,25,26,27,28, 30 1,2,3,4, 31 nd
40,41,42,43,44,45,46, 47,48,49,50 29,30,31,32,38,46,49 10,11,12, | n=29
13,14
2001 | 36,37,38,39,40,41,42,43,44,45, | 30 21,22,23,24,25,26,27,28,, 32 1,2,3,7,10, | 35 1,2,3/4p, | 40
46,47,48,49,50 29,30,31,32,37,39,40,41] 11,12,13 n=23 | 7,8,9,10 | n=20
2002 | 1,6,11,20,23,29,30,32,34,38, 32 7,9,10,11,12,13,14,15,16,32 1,2,3,4,8,9,| 43 1,2,3,7, 37
39,40,41,44,45,50 17,18,19,20,21,47,50 11,12,13 n=23| 8,9,10 n=19
2003 | 3,5,6,9,11,12,13,18,19,20,22, 40 18,20,22,23,24,25,27,29, 32 1,2,3,7,8,9,| 38 1,2,78, | 33
23,26,27,28,29,31,32,34,39 30,31,32,33,34,35,38,40 9p,,10 n=21| 9,10 n=18
2004 | 4,6,10,14,15,18,19,23,26,27, 36 1,2,3,4,5,6,7,8,9,10,11, | 28 1,2,3,4,9, 38 1,2,7,8, 29
32,33,34,38,45,46,49,50 21,27,33 10,11,12,13| n=24 | 9 n=17

Note  n = total number of questions set for the eeipe years.
4p, =paper 1, question number 4; and &paper 1, question number 9.

Similar results had been reported by Olkun, Told Barmus (as cited in Olkun et al.,
2005) who claim that in Turkey, for example, aboue-third of the mathematics
questions in the university entrance examinatiod gaometric content. That these

results are similar should come as no surpriseaéaording to French (2004, p.7),
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“there is much common ground between geometry lsyflas across the world in
terms of topics”. Hence, these uniform results Hertreinforce the notion of the

dominance of geometry in mathematics curricularivagonally.

It is evident from the foregoing that geometryimgjeed, a central component of the
school mathematics curriculum in Nigeria and SoMfitica. It is appropriate next to

highlight some of the objectives of high schoolmetry teaching in these countries.

2.5.2.1 Objectives of Geometry Teaching in Nigeaiad South Africa

Generally, objectives in education are the expebtghvioural and cognitive changes
on the part of students as a result of their exygodo a program of learning
experiences. According to Bloom (1956, p.12), etlanal objectives are “the
intended behavior(emphasis in the original) of students...the wayswhich
individuals are taact, think, or feel (emphasis mine) as the result of participating in
some unit of instruction”. Decisions about, and ificdtions of, educational
objectives mainly occur at three levels of the edional system, namely the
national/regional level, the school level, and theessroom level (Cogan & Schmidt,
1999). The educational objectives referred to ia #tudy are those formulated and

pursued at the national level.

To attempt to synthesize the objectives of geomttaching in two countries like
Nigeria and South Africa (each with its separate|larticulated set of objectives)
poses a challenge. A logical way forward is to Ificst at the objectives of geometry
teaching and learning in each country separately tiaen attempt to synthesize these.
Before taking this step, however, it may be helpéubutline the objects of geometry

study common to the nations of the world.

2.5.2.2 The Objects of Geometry Study

French (2004, p.7) states that the “objects upoiciwtine study of geometry is based”
are to a large extent common to the curricula ohyneountries around the world,
even though there may be variations in approachiartie degree of importance

accorded to each of the objects. Freribid() identifies the following as the objects
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of geometry study, stating that variation may, hesve occur in the last two among

countries:

* Polygons and their properties, giving particular plasis to triangles,
quadrilaterals and regular polygons;

» Circles and their properties related to chordgg¢ais and angles;

* Three-dimensional figures such as polyhedra andghere, cylinder and cone;

» Other curves, such as the parabola and ellipsetheproperties.

My analysis of the Nigerian and South African getmeurricula indicates that the
above list generally reflects the objects of geoyestudy in Nigeria and South
Africa. The first two items on the list are parifady consistent with both the
Nigerian and the South African curricular conteams will constitute the focus of this

research study (see sections 2.4.1.2-2.4.1.4).

2.5.2.3 Objectives of Geometry Teaching in Nigeria

The Nigerian national mathematics curriculum foghhischool learners seems
generally to have emphasized mastery of three basithematical skills in the
learning of geometry. These are the skill of geoimgt constructions using
straightedges, compasses, protractors and setsqtiageskill of proving theorems in
Euclidean Geometry; and the skill of solving riddrased on the theorems. The
curriculum indicates that learners are expectecestablish, through geometrical
constructions, the properties of and relationsbgisveen various geometrical shapes.
For example, the national mathematics curriculuiputdtes that learners should be
able to “use the basic constructions of given aglerpendicular and parallel lines to

construct triangles, parallelograms, rhombus €&N, MoE, 1985, p.7).

Regarding the proof of theorems, the curriculumeexp learners to follow step-wise
logical deductions to arrive at valid conclusioriSor example, the national
mathematics curriculum states that teachers shivetdearners place emphasis on
dependence of the truth of any statement on thedneraviously accepted [and]
emphasize the step-by-step nature of deductivef pnod the if — then relationships”
(FRN, MoE, 1985, p.14).
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According to the national mathematics curriculunders in Euclidean geometry
should be aimed at promoting students’ deductivesaring. For example, the
curriculum prescribes that teachers should givefeges and riders to help students

reproduce arguments based on reasons, theoremi®orsd (FRN, MoE, 1985, p.8).

Given the basic skills emphasized in the nationathematics curriculum, it would

seem that the general objectives of high schootl{@&an) geometry teaching in

Nigeria are as follows:

» Development of students’ spatial awareness andrsdion through geometrical
constructions.

» Development of students’ logical reasoning abaittrough explicit teaching of
deductive proofs in Euclidean geometry.

» Development of students’ problem-solving ability geometry that has wide

applications in many other aspects of mathematidsrelated fields.

2.5.2.4 Objectives of Geometry Teaching in Southi&e

The learner is able to describe, represent, anapzeexplain properties of shapes in 2-dimensional
and 3-dimensional space with justification.
(South Africa, DoE, 2003, p.13).

The South African National Curriculum Statement @Cfor high school
mathematics stresses four major learning comporntentse taught and learned in
senior secondary mathematics. These learning coemp®nare referred to as
‘Learning Outcomes’. A learning outcome, accordiaghe NCS, “is a statement of
an intended result of learning and teaching. lcdess knowledge, skills and values
that learners should acquire” (South Africa, DoBp2 p.7). This means that the
learning outcomes coincide with the objectivesesiching and learning in the four
learning areas. The learning outcomes as speihdhe NCS are as follows.

* Learning Outcome 1: Number and Number Relationships

* Learning Outcome 2: Functions and Algebra.

* Learning Outcome 3: Space, Shape and Measurement.

e Learning Outcome 4: Data Handling and Probability.
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This study focuses on learning outcome 3, whiatoiscerned almost exclusively with

the study of Euclidean geometry. It stresses theeldpment of students’ skills in

making and testing conjectures, investigating,ifiisg, proving, and generalizing in

Euclidean geometry. Given the emphasis on thedls skithe NCS, the objectives of

high school (Euclidean) geometry teaching in SoMftica may be summarized as

follows:

» Development of students’ spatial awareness andalisuion through the use of
various methods, including geometrical construcjai investigate geometrical
properties of 2-dimensional and 3-dimensional f&gur

» Development of students’ reasoning abilities thtougxplicit teaching of
processes such as experimentation, testing congsctiustifying statements that
would ultimately lead to the acquisition of skills proof writing in Euclidean
geometry.

» Development of students’ problem-solving ability lsing geometrical properties
to solve a wide range of problems in many otheeetspof mathematics, such as

trigonometry and algebra and other related fields.

2.5.2.5 A Synthesis of the Objectives of Geomegwgdhing in Nigeria and South

Africa

There thus appear to be many similarities betweigerd and South Africa in terms
of the objectives of geometry teaching in high sthmathematics.. The national
mathematics curricula of both countries, for exaanpimphasize as a major objective
of geometry teaching the development of studergasoning abilities through the
teaching of deductive proof writing in Euclideanogeetry. In both countries there
also appears to be a commitment to teaching stsdemblem-solving skills in

Euclidean geometry, with the aim of applying thek#s in other learning areas.

Despite these similarities, however, there areirgisizones of mutual exclusivity
between the Nigerian and South African mathematigsicula in terms of relative
emphasis ompproachedo Euclidean geometry. For example, in Nigeriareniman
in South Africa, the geometry curriculum emphasies need for learners to use

geometrical constructions to explore and estalthshproperties of geometric plane
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shapes. Thus, geometrical constructions had beerstdl are, a regular feature in the

Senior Certificate Examinations in Nigeria.

Another dissimilarity between the Nigerian and Boiffrican geometry curricula

concerns the relative emphasis on the extent ofiextions between geometry and
other aspects of mathematics. The South Africanrmgéxy curriculum appears to
have emphasized more explicitly than the Nigeria@a the need to link geometry with
other aspects of mathematics. For example, the N@fs that the learning of
geometry should enable learners (among other thingslink algebra and geometric

concepts through analytic geometry; link the usdrigbnometric relationships and

geometric properties to solve problems” (South &friDoE, 2003, pp.13-14).

It must, however, be pointed out that the SouthicAfr national mathematics
curriculum is also the teaching syllabus, and ia agsult more comprehensive in its
statement of objectives and learning area conthais the Nigerian one. In Nigeria,
details pertaining to learning experiences arergivethe teaching (or examination)
syllabuses and not in the national mathematicsatam. As an example, in South
Africa (South Africa, DoE, 2003, p.32), the objees of (Euclidean) geometry

teaching in grade 10 read as follows:
We know this when the learner is able to:
(@) Through investigations, produce conjectures gederalizations related to

triangles, quadrilaterals and other polygons, ateigt to validate, justify,
explain or prove them, using any logical methodc{Elean, coordinate and/or

transformation).
(b) Disprove false conjectures by producing cousteamples.
(c) Investigate alternative definitions of variqudygons (including the isosceles,

equilateral and right-angled triangle, the kite,raflalogram, rectangle,
rhombus and square).

Whereas in Nigeria, the objectives of (Euclideaedmetry teaching in grade 10 as
spelt out in the national mathematics curriculuRNE MoE, 1985, pp.7-9) read as
follows:

Students will be able to:

I.  perform further constructions using a pair of coeges and a ruler;
ii.  write out formal proofs of some basic theoremsuclEean geometry;
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iii. apply the skills of deductive reasoning in provindes fic] in Euclidean
geometry.

It should, however, be noted that in the case ®MNigerian mathematics curriculum,
the contents to be covered for each of the abojectives are stated separately. For
example, the content to be taught with regard @ gsécond objective is “deductive
proof of an angle sum of a triangle” (FRN, MoE, %98.8). In South Africa, on the
other hand, the objectives and contents appeathteigm a statement of “Assessment
Standards” in the NCS (South Africa, DoE, 20032jp.3

Given the above similarities and differences, thgectives of geometry teaching in

Nigerian and South African high schools may be samnmad as follows.

» Development of students’ logical reasoning witharelgto specific concepts in
both mathematical and non-mathematical learnirig<ie

» Development of students’ ability to visualize, regent pictorially, and apply
geometric ideas to describe and answer questiang &te real world.

» Development of students’ mathematical ‘habit-of-dhjnwhich relates to the
mathematician’s consistent interest in conjectyringvestigating, proving,

justifying, and generalising.

The objectives of geometry teaching in Nigeria &wlith Africa as outlined above
appear to be consistent with what Suydam (19853iders to be the general goals of
geometry teaching in schools. Suydam (1985, p.4&8dihes that the goals of
geometry teaching in schools are primarily to:

» develop logical thinking abilities;

» develop spatial intuitions about the real world;

* impart the knowledge needed to study more mathematnd

» teach the reading and interpretation of mathenlagicauments.

These appear to be consistent with the reasongefometry teaching identified by
French (2004, p.2), which are to:

» extend spatial awareness

» develop the skills of reasoning

» stimulate, challenge and inform.
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There appears to be a great deal of inconsistenthyei literature regarding the usage
of terminology such as spatial awareness, spatslalization, and other related
concepts and terms used to describe students’ stadeing of geometry (Clements &
Battista, 1992; Schéafer, 2003; Nickson, 2004)s therefore necessary at this point to
clarify some of this terminology and indicate theaning of specific terms in the

context of my study.

2.6 Terminology Used to Describe Students’ Understaing of Geometry

2.6.1 Spatial Ability
Gardner (1993, p.173) states that spatial abiityi¢h he calls “spatial intelligences”)

is an amalgam of abilities that includes the hurt@apacities to perceive the visual
world accurately, [and] to perform transformatiormsi both physical and imagined
objects in space. Schafer (2003), in his studyjndef spatial ability as an all-
embracing concept that describes an individualifitatio be involved in a mental
operation or problem-solving situation that is apgmately spatial in nature. It is the
ability of a person mentally to create geometri@g®s and then manipulate these
images in the mind. Gardner (1993, p.174) argues$ dtthough there are several
components of spatial ability, the “ability to peiee a form or an object” is, however,

the most fundamental, and can easily be testeduitypte-choice questions.

There is ample evidence in the literature supportime view that there exists a
relationship between cognitive variables of a gpatature and learning that is related
to geometrical concepts. There also appear to éa&r ¢hdications that developing
spatial abilities in children is important to thaspect of their learning (Nickson,
2004). The exact relationship between spatial tgbitind other aspects of
mathematical learning seems less clear (Nickso®4R0although Clements and
Battista (1992, p.444) assert that “spatial abilgyequally] important in students’
construction and use of [even] non-geometrical” aegts. Bishop (1980) identifies
two major components of spatial ability that aréevant to students’ learning of

mathematics. These are spatial visualization aatiamrientation.
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2.6.2 Spatial Visualization

This relates to a student’s ability to understand ‘gperform the imagined movements
of objects in two-dimensional and three-dimensiosédce” (Clements & Battista,
1992, p.444). Bishop (1983) believes that studemtsility to interpret figural

information and to understand visual representatiand vocabulary is relevant to

their mathematical learning.

2.6.3 Spatial Orientation

Thurstone (as cited in Schéfer, 2003) describetiadp@ientation as the ability of
students to recognize a given geometric shape ddren different positions. Spatial
orientation is the understanding of, and operating the relationships between the
positions of spatial objects relative to the viewerosition (Clements & Battista,
1992). Bishop (1983) proposes that developing stisdecapacity for visual
processing, such as the manipulation and transtamaf visual representations and
images, and the translation of abstract relatigrsshinto visual representation, is

important for their acquisition of mathematicalllski

2.6.4 Spatial Perception

This relates to a student’s ability to perceive (béhrough the senses or in the

imagination) and manipulate geometric objects (8h@003; French, 2004).

2.6.5 Spatial Conceptualization

This is an umbrella term that describes the totalit a student’s understanding of
spatial objects. It includes an individual's spagaility, visualization, orientation,

and perception (Schéafer, 2004).

This research study investigates the van Hieleldewé geometric thinking among
high school mathematics students in Nigeria andtfS@drica. As stated earlier
(section 2.2), geometmpter alia concerns an understanding of the properties of and
the relationships between spatial objects. Thusthfe purposes of this study, spatial

ability, visualization, orientation, and perceptime to be understood as those parts of
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spatial conceptualization that are measurable pemand-paper test as well as a
hands-on activity test. Therefore, learners’ knalgke of school geometry is described
not in terms of these concepts but rather in terfhteir van Hiele levels, as indicated
by their performance in the various tests usetlisdtudy. This approach is supported
by Clements and Batista’s (1992, p.444) view thanhynauthors have argued that
students’ “performance on most spatial tests at baderstood not in terms of

imagery, but rather in terms of reasoning and nob$olving”.

All through section 2.5.2 and its subsections,scdssed the importance of geometry
and the reasons why it is learned/taught in seagre@ducation, both globally and in
the Nigerian and South African contexts. It is ewitl that geometry has always
enjoyed a pride of place in school mathematicsicula, even in the ancient times of
Egyptian and Greek mathematics. For example, 2@hef 110 problems in the
Moscow and Rhind papyri (the two main sources offEgn mathematics acquired
about 1850 B.C. and 1650 B.C. respectively) wemrgaric (Eves, 1976).

In response to the question why geometry shouldnbkided in the teaching of
mathematics in secondary education, van Hiele arthat the teaching of geometry is
central to the development of logical thinking, aykelement of mathematical
understanding (van Hiele, 1986). This stance umdees the importance of geometry
in the overall mastery of mathematics, and furésgslains why geometry assumes a
dominant place in the school curricula of many d¢oas. But whether the emphasis
on geometry teaching in secondary school mathemaklias yielded results
commensurate with the associated human and mateviestment (as measured by
students’ success rate in the subject) is an isgelewhich educators and stakeholders

have expressed concern in many countries in re@sans.
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2.7  Students’ Perception of and Achievement in Geagiry

2.7.1 Students’ Perception of Geometry

Each year we ask many of our first-year studentto.list the mathematics topics that they liked best
and topics they liked least in their precollegessis. Although several subjects were “favoritdsg, t
subject that was almost universally disliked wasngetry in high school.

Hoffer (1981, p.11)

In the above excerpt, Hoffer is talking about higperience with students at the
University of Oregon, U.S.A. But it is also my exigece in Nigeria over many years
of teaching, and in South Africa over a shorteiqukrthat not only do many students
dislike geometry, but that many teachers also dofeel comfortable teaching it.

Setati (2002, p.4) reports a similar experiencevlimich many professionals in South

Africa declare almost with an air of pride “themability [to do] mathematics”.

Geometry, indeed, like mathematics more generadlg,a widespread public image of
being difficult, theoretical, abstract, but neveitdss important (Setati, 2002). The
perception of geometry by students is very ofteacbed in negative terms. Many
students describe geometry as being “boring”, lewant” and “difficult” (Pegg,
1995, p.87). Some students even express the viatngdtometry involves too many
theorems and proofs, all of which require deduckbggcal reasoning while they (the
students) see themselves as “not too logical” (&tpff981; Shaughnessy & Burger,
1985, p.419). Even the few who were successfuhéir tyeometry course would still
confess that they “got through the course by mezmggi proofs”, but “didn’t
understand” the course (Hoffer, 1981, p.11).

Many mathematics educators in recent times haveesgpd concern over students’
apparent dislike for geometry and their inabilibsyadomprehend the deductive logical
system of the subject (Hoffer, 1981; Shaughnes8u&ger, 1985; Fuys et al., 1988;
Pegg, 1995; de Villiers, 1997; Shannon, 2002). §haessy and Burger (1985), for
example, observe that many students in high sopeonetry have a lot of difficulty

with such essential elements as deduction and prdbe very tools for geometric
exploration. Shaughnessy and Burger (1985, p.Alr®)dr lament:
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Despite our best efforts to teach [the studentsgndghe most capable algebra
students may struggle and get through geometry Heerswillpower and
memorization but with little understanding of tlogical system we have been
developing all year.

The literature appears to offer some possible egpians for students’ dislike or even
outright hatred of geometry. Shannon (2002, p.26), example, states that the
geometry that was “based [strictly] on the Euclidegstem whereby knowledge of
shapes was derived almost exclusively from a setxabms, using deductive
reasoning” alone, was beneficial only to “the t@3%@®of pupils in secondary school”.
Because of the failure by many students to graspctincept of geometry in the
traditional Euclidean postulational fashion, mangumtries began a search for

alternative approaches and Euclidean geometry cengher severe criticism.

2.7.1.1 Criticisms of Euclidean Geometry

It was stated earlier on that Euclidean geometnyidated the mathematical world
for over 2000 years (section 2.3), that considenatif alternatives to Euclid’s parallel
postulate led to the development of other geoneefsection 2.4.5), and that there are
today several approaches to the study of geoms#wtion 2.2, para.6). By criticisms
of Euclidean geometry | do not mean the logicakswonings of Euclidean geometry
as an axiomatic mathematical structure (see EvO53)1 Instead, | intend to
foreground the reasons why alternative approachegebmetric exploration were

sought after in many countries across the world.

There is a whole body of literature indicating ttte#¢ geometry that is presented in a
formal axiomatic fashion as Euclid did is accessibhly to a small minority of
learners in secondary education (Allendoerfer, 19&8ffer, 1981; Mayberry, 1983;
Burger & Shaughnessy, 1986; van Hiele, 1986; Fuyal.e1988; de Villiers, 1997;
van Hiele, 1999; Shannon, 2002). Because of thativegresults that were recorded
over many years of its being taught in secondancation (Allendoerfer, 1969; van
Hiele, 1999; Shannon, 2002), Euclidean geometryless criticized as too formal,
too complicated and even too difficult. Van HielE999) expresses the view that
school geometry that is presented in the traditiéhalidean fashion assumes that

school children also think on a formal deductiweleBut research evidence indicates
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that this is not the case, as many students exmeribasic difficulties with geometry
presented in the Euclidean way (Fuys et al., 1988ments & Battista, 1992; de
Villiers, 1997).

The failure by many students to understand geontigtiiys strict Euclidean axiomatic
form) generated debates in many countries, withes@arg. the U.S., Netherlands and
Russia) advocating reform in approaches to scheothgtry, and some others even
calling for outright abandonment of Euclidean getignein the mathematics
curriculum (Allendoerfer, 1969; Shaughnessy & Burd®85; Fuys et al., 1988). The
reforms that took place in many countries reflected the most part changes in
didactics in the light of the research conductedhha late 1950s by two Dutch
mathematics educators, Pierre van Hiele and hig,wiina van Hiele-Geldof. In
Russia, for example, results from the van Hielesearch have been applied to the
school mathematics curriculum with appreciable iovpments in students’

understanding of school geometry (Fuys et al., 1988

As a consequence of improved student performancgewmetry, coupled with
advances in computer technology such as the geons&etchpad, Euclidean
geometry (even though with some modifications) ésvrexperiencing an exciting
revival in many countries (de Villiers, 1997). Imetlight of the van Hieles’ research,
de Villiers (1997) believes that in South Africa madnformal geometry should be
taught at the primary school level if students’ iagement at the secondary school

level is to be improved.

2.7.2 Students’ Achievement in School Geometry

Many students are quite unsuccessful in geometryor. example, in the fall only 52% of the students
could calculate the area of a square given itsssideMany students are not learning even the sishple
geometry notions ... thus many students do not kimsed notions upon leaving high school.

Usiskin (198286)

In the above excerpt, Usiskin (1982) is reporticpamichildren’s performance in
geometry in the United States. The majority of ¢thédren concerned (96% of them)
were aged between 14 and 17 years old, which isdhe age group as the majority

of high school students in Nigeria and South Africa
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Not surprisingly, students’ negative perception ggfometry (see section 2.7.1.1)
seems to have been translated into low academiewashent.. A plethora of research
exists that paints a somewhat depressing pictustunients’ knowledge of geometry
(Usiskin, 1982; Mayberry, 1983; Burger & Shaughyes986; Fuys et al., 1988;
Clements & Battista, 1992; van der Sandt & Nieuwtp@803; WAEC, 2003; Feza &
Webb, 2005; Siyepu, 2005). In the U.S., for exammwdents’ knowledge of
geometry at the elementary, middle, and high scleadls appears to fall short of
what is generally expected at these levels of dthutaAs Clements and Battista
(1992, p.421) put it, in the United States, elemgnand middle school students are
“failing to learn basic geometric concepts and gewim problem solving; they are
woefully underprepared for the study of more saojtased geometric concepts and
proofs”. At the high school level, U.S. studentsbkledge of basic geometric shapes
and class inclusions of shapes is equally unimpresas according to Clements and
Battista (1992, p.421), “only 63% [of high schoehiners] were able to correctly
identify triangles that were presented along wittirdctors” and “only 64% of the 17-

year-olds knew that a rectangle is a parallelogram”

In Nigeria, little appears to have been reportedthia available literature about
students’ geometry achievement in secondary educatiowever, a whole body of
research exists in which the low mathematics perémce of the Nigerian child is a
common theme (Igwue, 1990; Adedayo, 2000; Agwag@ah0; Bot, 2000; Igbokwe,
2000; Okonkwo, 2000). Going by the argument advdnog Usiskin (1982), van
Hiele (1986) and French (2004), that performancenathematics as a whole is a
good indication of performance in geometry speaific then Nigerian students’
knowledge of geometry could be said to fall belowpextations. Evidence could be
drawn from WAEC Chief Examiner’s Report, which etatthat “candidates were
observed to be generally weak in the area of gagim@VAEC, 2003, p.171). The
WAEC Chief Examiner’'s Report (WAEC, 2003, p.17%lizates that a “question on
the angle properties of a triangle was also un@opulith the majority of the
candidates. Many of the high school students geNa could not comprehend “the
concepts and principles of angle in the same segrasnwell as alternate and
corresponding angles” (WAEC, 2003, p.175).
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The weakness of students’ knowledge of geometmoitsmuch different in South
Africa. For example, de Villiers (1997, p.42) stathat in South Africa, “it is well
known that on the average, pupils’ performance airim (Grade 12) geometry is far
worse than in algebra”. In KwaZulu and the East€ape, for example, research
indicates that the majority of high school learrfease a weak understanding of many

geometric concepts (de Villiers, 1997; Siyepu, 2005

Generally, high school learners’ mathematical pemnce in South Africa appears to
be unimpressive, but it is even more so in geomsince according to Roux (2003,
p.362) “learners’ performance [in South Africantnischools] is even poorer when it
comes to items involving understanding of featumed properties of shapes” — the
very fundamentals of geometric understanding. Resttbm both national and

international surveys of mathematical performaneaicate that many “secondary
learners [in South Africa] cannot identify and narsieapes like kite, rhombus,

trapezium, parallelogram and triangle” (Roux, 200362).

Further evidence concerning South African learnkens’ performance in mathematics
generally, and in geometry specifically, can bewdrdrom the results of the Third
International Mathematics and Science Study-RefEdISS-R) conducted by the
Human Sciences and Research Council (HSRC) in 1988. TIMSS-R results
indicated that of the 38 countries that particidat®outh African learners obtained the
poorest results in mathematics (Brombacher, 20@yiel 2001). The mathematics
average score of 275 points out of 800 points wall elow the international
average of 487 points (Howie, 2001). According towieé (2001, p.11), South
African children in the TIMSS-R had “considerabldéfidulty dealing with ...
geometry questions ... and in some cases were stgitesistracted by questions

testing misconceptions” in geometry.

The foregoing discussion paints a general picturethe problem of students’
inadequate conceptual knowledge of geometry boternationally and in the
Nigerian and South African contexts. But how areudsnhts’ conceptual
misunderstandings manifested in the study of sclygametry? How do learners

experience difficulties in geometry?
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2.7.3 Conceptual Difficulty Experienced by Studentin School Geometry

Students’ conceptual misunderstandings in geonoetnye in various forms. Some of
the ones commonly reported in the literature ardscamceptions, imprecise
terminology, identification/classification of basshapes, properties of shapes, class
inclusions of shapes, parallel and perpendiculzsli the concept of angles, angle
sum of a triangle, and proof writing (Usiskin, 1982ayberry, 1983; Senk, 1985;
Shaughnessy & Burger, 1985; Burger & Shaughne$®86;1Fuys et al., 1988; Senk,
1989; Clements & Battista, 1992; Fuys & Liebov, 19®Ison, Sakshaug & Olson,
1997; Andrews, 1999; Oberdorf & Taylor-Cox, 1999%wie, 2001; Roux, 2003;
French, 2004; Feza & Webb, 2005; Siyepu, 2005)s&lmmmon misunderstandings,
as they pertain to high school learners in Nigemal South Africa, are the ones
investigated in this study.

2.7.3.1 Misconceptions

Students’ misconceptions about geometric concepteeported in the literature are
many and varied (Fuys & Liebov, 1997; Oberdorf &ba-Cox, 1999; French, 2004;
Feza & Webb, 2005), yet they are interesting (Olstnal.,, 1997). Teachers’
knowledge of students’ misconceptions about geomistrimportant for remedial
instructional design and delivery. The literaturdicates that many schoolchildren in
both primary and secondary education hold severstanceptions about geometric
shapes and the relationships between their preger@lements and Battista (1992,
p.422), for example, listing some examples of sttelanisconceptions in geometry,
state that many high school students reason thsqilare is not a square if its base is
not horizontal”. That is, many students in seconpdatucation are able to recognize
shapes only in some standard orientation. This (daantation of shapes) was taken
into account in the development of two of the imstents used in this study. A rather
strange misconception concerns students’ misuratetstg of diagonals. Figure 2.3
represents a student’s response to a questiomettpaited stating the number of sides
and diagonals in each of the two shapes (Frenci)4)20This unfortunate

misconception noted by French was adapted andedsed in this study.

4 sides; 0 diagonals 3 sides; 3 diagonals

Figure 2. 3Misconception about diagonal
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Lack of exposure to proper terminology, too fewhautic experiences in the primary
school, together with misinformation by adults, &deen identified as some of the
possible reasons for students’ misconceptions amgdry (Oberdorf &Taylor-Cox,
1999).

2.7.3.2 Imprecise Terminology

Language is undoubtedly a very important tool irmomunication, and perhaps
geometry stresses the use of language more thanotligy mathematics course
(Hoffer, 1981; Ashfield & Prestage, 2006). Geoneeterminology is crucial to the

communication of geometric ideas both inside antkida the classroom since,
according to Feza and Webb (2005), lack of languamepetency impedes progress
in geometric understanding. De Villiers (as cited Feza & Webb, 2005, p.45)
stresses the point that “success in geometry [ojdee/olves acquisition of the

technical terminology”. Bloom (1956, p.63) assetiat “the most basic type of

knowledge in any particular field is its terminojdgBut all too often, students lack
the appropriate vocabulary to express the distsigng properties of a figure or
compare shapes in an orderly manner (Renne, 2@ & Webb, 2005). Oberdorf
and Taylor-Cox (1999, p.340) explain that “lackesfposure to proper vocabulary” is
one of the reasons for students’ misconceptiomggometry. Therefore, Hoffer (1981,
p.12) suggests that precise terminology “may besthon students” early in their
geometry course in order to remediate students’'remipe use of geometric
terminology. One of the instruments used in thigdgt focussed on students’
knowledge of some basic geometric terminology igedian and South African high

schools.

2.7.3.3 Identification/Classification of Basic Shag

A common activity in geometry is for students tentify, name, and classify various
shapes (Mayberry, 1983; Burger & Shaughnessy, 108¢s et al., 1988; Clements &
Battista, 1992; Oberdorf & Taylor-Cox, 1999; varelg, 1999; Feza & Webb, 2005).
The ability to recognize and name shapes has beewgmized as important for
geometric conceptualization (van Hiele, 1999). Rede evidence, however, indicates

that many high school learners lack the abilitgaoorectly identify, name, and classify
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many simple geometric shapes. Mayberry (1983, pfédgxample, reports that some
students in her study “had difficulty in recognigim square with a non-standard
orientation”, while for some others, “giving thame of a concept seemed to be more
difficult than choosing an example of the conceptew the name was given and
examples and non-examples were displayed”. Usids, cited in Clements and
Battista, 1992, p.421) further exemplifies studedif§iculty with geometry by stating
that in his study “only 63% [of high school learslewere able to correctly identify
triangles that were presented along with distrattdn this study, students’ ability to
identify and classify triangles and quadrilateralas investigated in Nigerian and
South African high schools.

2.7.3.4 Properties of Shapes
High school students often do not perceive the gmogs of shapes (Mayberry, 1983).

As a result, many of them cannot describe shapgdicégly in terms of their

properties (Burger & Shaughnessy, 1986; Feza & \W2005). Clements and Battista
(1992, p.422), for example, state that in theidgttless than 25% of 11th-grade
[U.S.] students correctly identified which figurbéad lines of symmetry”. In this
study, Nigerian and South African high school lesshknowledge of the properties

of circles, triangles and quadrilaterals was exgalor

2.7.3.5 Class Inclusions of Shape

Empirical research reveals that many students (veneh the primary or secondary
school) demonstrate a lack of ability to perceilsess inclusions of shapes, contrary to
general expectations (Mayberry, 1983; Burger & $ihaessy, 1986; Fuys et al.,
1988; Clements & Battista, 1992; Feza & Webb, 2@igepu, 2005). Clements and
Battista (1992, p.421), for example, state thaty'd@¥#% of the 17-year-olds [in the
U.S.] knew that a rectangle is a parallelogram”. @asorting activity that involves
different triangles and quadrilaterals, Burger Shdughnessy (1986) disclose that the
majority of the students sorted the shapes so agrobibit class inclusions.
Knowledge of class inclusions of shapes is imporiargeometry because it enables
the learners to reason about the relationshipsdsetwilifferent geometric shapes and
their properties.
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2.7.3.6 Parallel and Perpendicular Lines

An understanding of the concept of parallel andgeedicular lines is an important
aspect of mathematical knowledge to acquire becthese concepts form a useful
basis for the classification of many polygons, fitve understanding of angle
relationships, and in geometric proofs (Happs, 19%8e difficulty, however, arises
when students are required to state the angleimesdtips of parallel lines and
transversals. Determining and mastering the terogyoassociated with parallel lines
and transversals — such as alternate angles, algrtapposite angles, corresponding
angles, and co-interior angles — seems to posey alallenge to many students.
Usiskin (1982), for example, reports that only 3@%high school learners in his
study could find the measure of angldFigure 2.4) given that lines m and n are
parallel. Clements and Battista (1992, p.421) esréhe view that “students’
performance with figures not frequently encounteradeveryday life, such as
perpendicular lines and the radius of a circlegénerally less impressive. Parallel
and perpendicular lines and their angle propedigsstituted a good part of one of the
instruments used to unpack students’ conceptuag¢rstehding of geometry in this

study.

/

v
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/130‘ >n

Figure 2. 4Parallel lines and a transversal

2.7.3.7 The Concept of Angles

Although knowledge of angles is an essential regquént from an early stage in the
study of geometry, evidence abounds concerningestsdmisconceptions about and
difficulty with angle measurement, both in geonuli shapes and intersecting
straight lines (Clements & Battista, 1992; Frer@004). French (2004), for example,
states that many students in secondary educatidrnti® misconception that the size

of an angle is dependent upon the length of therays that form the angle — the
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longer the rays, the larger the angle. For studergsruggle with determining the size
of an angle using a protractor is not uncommorha éxperience of many teachers.
Even in this study, | had to demonstrate to theonitgj of the learners how to use a
protractor to determine the measure of an angteder to enable them to respond to
guestions that tested their knowledge of the ampgtperties of simple geometric

shapes.

2.7.3.8 Angle Sum of a Triangle
According to French (2004, p.57), “triangles are tkey building blocks for all

geometrical configurations”, and knowledge of thegla properties of triangles is
necessary for proving and establishing relatiorsshimong many geometrical figures
and their properties. For example, it would seeasoeable to expect that a student
who already knows that the sum of the angles ofaadle is 180° should be able to
deduce informally that the sum of the interior &sgbf quadrilateral ABCD (Figure
2.5) is 360°. This is because the diagonal AC dwidhe quadrilateral into two
triangles. Research evidence, however, cast sospan students’ knowledge of the
angle sum of a triangle. Clements and BattistaZ19921), for example, report that
“fewer than 10% of 13-year-olds could find the measof the third angle of a

triangle, given the measures of the other two a&igle

A D

Figure 2. 5lllustrating the angle sum of a quadrilateral to3&®° by drawing one of its diagonals to
form two triangles

2.7.3.9 Proof Writing in Geometry

Teaching students how to write proofs forms an g objective of the geometry
curricula of many countries (Senk, 1985; Siyepu03)0 The Nigerian and South
African high school geometry curricula, for exampépecifically require that the
learners should be able to “write out formal proofs some basic theorems in

Euclidean geometry” and apply the knowledge to esoigers (FRN, MoE, 1985, p.8;
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South Africa, DoE, 2003, p.33). Research, howesbgws that learning to write
proofs in geometry “is one of the most difficulptos” for many high school learners
(Hoffer, 1981; Senk, 1985, p.448; Senk, 1989, p.&igepu, 2005). According to
Usiskin (1982, p.88),

of all high school students in the United Stat@praximately: ...40% study
proof. 11% study proof but cannot do anything wiftf®% can only do trivial
proofs; 7% have moderate success with proof; 13¥saccessful with proof.

In Nigeria, testing students’ ability to write pfeon geometry has been excluded
from the examination syllabuses since about the 1890s. For example, regarding
plane geometry, the WAEC syllabus for 2005-2008ep346, states that “the results
of these standard [geometric] theorems...must be knBWT THEIR FORMAL
PROOFS ARE NOT REQUIRED” (emphasis mine). This appdo contradict the
position of the national mathematics curriculum moofs because little is known
about the proof-writing ability of Nigerian hightsmol learners. Although the WAEC
Chief Examiner's Report of 2003 indicates that mamandidates in the School
Certificate Examination in Nigeria could prove thaiangle ABC is isosceles by
proving that two of its interior angles are equdfie question, however, only required
the candidates to verify by substituting given anddeduced numerical values
(WAEC, 2003, p.175).

In South Africa, Siyepu’s (2005) study indicatesitththe majority of 11th-graders
encounter difficulties with the proofs of circleetbrems. In this study, a grade-
appropriate proof writing task was used to expédaigh school learners’ conceptual

understanding of geometry in Nigeria and Southoafri

2.7.4 Causes of Learning Difficulty in School Geontiey

Sources of learning difficulty in school geometrgr@ss the globe have been
attributed to a number of factors. The literaturewever, tends to have highlighted
three major factors: curricular, textual, and iastional/pedagogical (Clements &
Battista, 1992; Schafer, 1996; Fujita & Jones, 20@th der Sandt & Nieuwoudt,

2003; Olkun, et al., 2005; Siyepu, 2005). Whilecourse these factors are not the

only critical influences on students’ learning adognetry, they do have a major
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impact and their evaluation does give some insigtd the interplay among the
expected, implemented, and attained educationactbgs (Cogan & Schmidt, 1999;
Fujita & Jones, 2002). The first two factors arscdissed here only because of their

interconnectedness with the third, which constgtatenajor focus in this study.

2.7.4.1 Curricular Factor

The curriculum, with regard to both what topics ieated and how they are treated,
has far-reaching implications for students’ perfante in geometry (Clements &
Battista, 1992). It was pointed out, above, thatntoes differ only slightly in terms
of their geometry curricular contents (see secfdn2.2). However, there may well
be wide variations among countries with regard he emphasis and timing of
different elements, and in the “relative importamoeorded to practical approaches,
proofs, and applications” (French, 2004, p.7). Htwe major components of
geometry are organised and presented in the gepnoetriculum undeniably
impinges directly on how school children experiebasic geometric ideas, and hence

has an influence on how they perform in the subject

A recurring theme in the literature is the questidrthe amount of geometry in the
primary school curriculum. There is evidence that @f the primary causes of
students’ poor performance in geometry at the sgagnschool level is the lack of a
rich, coherent, and well-sequenced geometry cuumauat the primary school level
(Clements & Battista, 1992; Pegg, 1995; de Villiet897; Siyepu, 2005). Students
enter secondary school with little or no encoumti#h geometry. In fact, Usiskin (as
cited in Clements & Battista, 1992, p.422) states tthere is no curriculum at the
elementary school level. As a result, studentsrdrigh school not knowing enough

geometry to succeed”.

De Villiers (1997, p.42) asserts that in South édrithe geometry curriculum is “still
heavily loaded in the senior secondary school vi@ghmal geometry, and with
relatively little content done informally in theiprary school”. A cursory look at the
Nigerian senior school geometry curriculum tendsirdicate that de Villiers’
assertion is equally true of the Nigerian situatimeed, my perusal of the Nigerian

and South African geometry curricula for high sdhiearners shows that there are
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many similarities between the two curricula, sushtlaeir spiral nature, a core of
Euclidean geometry, and a commitment to enhancingests’ logical thinking
through explicit teaching of proofs. There are, boer, areas of dissimilarity. For
instance, analytical and transformation geometireseither excluded from or given
only cursory treatment in the Nigerian General Mathtics curriculum, while in
South Africa, these topics form an integral parttted mathematics curriculum for

secondary education.

2.7.4.2 Textual Factor

Generally, curricular content is experienced byriees through the textbooks that are
used in the classroom and for homework. This isabse textbooks are usually
expected to reflect curricular prescriptions conogy the body of knowledge and
skills that students are expected to master. Tkaause of their content and the way
in which it is organized, different geometry textke will tend to orient learners
along different lines of competency in geometryhbean solving (Fujita & Jones,
2002).

In a comparative study of the U.K. and Japan, i@meple, Fujita and Jones (2002,
p.82) state that in the U.K. the textbooks analywede “designed around a set of
exercises with mathematical theorems merely statndr than developed or proved”.
Fujita and Jones (2002, p.82) claim that as a cpregee, in the U.K., “even 14-15-
year-olds show a consistent pattern of poor peroice in constructing proofs”, even
when they excel in tasks that involve numericatgktions in geometry. By contrast,
in Japan, “textbooks attempt to develop studerdgdudtive reasoning through ‘proof’
using various approaches’ibid.). Consequently, “most 14-15-year-old students
(Japanese secondary 3rd grade) can write down amigfey] proof’ even though
“around 70% [of the students] cannot understand pitopfs are needed” (Fujita &
Jones, 2002, p.81; Jones, Fujita & Ding, 2006).

Y Nigeria two mathematics curricula are usuallyplemented concurrently at the secondary level ofcation. These are
‘General Mathematics’ curriculum for all secondaghool students, and ‘Further Mathematics’ curtiouffor those secondary
school students, who in addition to ‘general Mathges’ desire a further knowledge of mathematicspieparation for

mathematics and mathematics-related courses irersity education. The curriculum referred to irsthtudy is the ‘General
Mathematics’ curriculum.
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It has been observed that teachers generally “depery heavily on the textbook;
follow the text very closely for content and seqeieg; and hold as a major objective
the completion of the exercises at the end of esdtion” (Suydam, 1985, p.482).
What this seems to imply is that teachers shouktsgery carefully those geometry
textbooks whose contents reflect the curricularectdyes if learners are to have

learning experiences consonant with the expectatibthe geometry curriculum.

Van Hiele (1986, p.45) seems to suggest that aal igeometry textbook is one in
which “the subject matter is repeated many timad, each time it is dealt with from
the very beginning”. A textbook organised in thisammer, in van Hiele's view,

satisfies what he calls “telescoped reteaching”isTheems to call for the

implementation of a spiral curriculum through thgamisation of the subject matter
in textbooks. It is true that the Nigerian and $o#frican geometry curricula are of a
spiral nature (see section 2.7.4.1). However, #ten¢ of the implementation of van
Hiele’'s essential requirement that “each timehe[subject matter] is dealt with from
the very beginning” in the geometry curricula amktbooks in these countries
remains largely a matter of conjecture. It is mpenential conviction, however, that

teachers can redress this situation through thsirtictional practices.

2.7.4.3 Instructional/Pedagogical Factor

The classroom remains one of the most importantathnal focal points where
curricular intentions are transformed into potdrigarning experiences. Indeed, most
school learning experiences are framed by a teaehwer selects, prepares, and
presents a wide range of instructional activitiesthe students (Cogan & Schmidt,
1999; Kilpatrick, Swafford & Findell, 2001). It i®r this reason that Evans (1959,
p.27) affirms that “the most important people iny aeducational system are the
teachers in the classroom”. Stoker (2003, p.1b), believes that “learning is strongly
and necessarily linked to teaching”. This meansttiamount of learning that takes
place in the classroom depends for the most pateachers’ own knowledge of the
subject matter to be learned. In fact, researchmset® indicate that teachers’
classroom behaviour is often “influenced by themowledge” of the subject and
subject matter-specific pedagogy (Cogan & Schmifi99; van der Sandt &
Nieuwoudt, 2003, p.199). Clearly, a teacher withodjocontent knowledge of
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geometry coupled with a good teaching strategyhendubject would make learning

much easier for the students (Hewson, 1999).

Shulman (1987) distinguishes between different grates of knowledge that a
teacher should possess in order to each effectifélgse include content knowledge
— knowledge of the subject matter to be taught;agedical content knowledge —
knowledge of specific strategies for the impartofgparticular subject matter; and
curriculum knowledge — knowledge of materials amdgpams by means of which
instruction and assessment are to be carried dwinfan {bid.) is however of the

opinion that pedagogical content knowledge is pestthe most important “because it

identifies the distinctive bodies of knowledge teaching”.

There is a whole body of research indicating thatimof the difficulty that students
experience with mathematics generally and with ggomspecifically is due to
teachers’ lack of appropriate pedagogical conterwkedge in these subjects (van
Hiele, 1986; Shulman, 1987; Crawford & Adler, 199%8ansfield & Happs, 1996;
Stigler & Hiebert, 1999; Stoker, 2003; van der SafidNieuwoudt, 2003; Feza &
Webb, 2005; Mji & Makgato, 2006). It has been oledrthat “children’s knowledge
and teachers’ understanding of that knowledge argral to instructional decision
making” (Vacc & Bright, 1999, p.90). Unfortunatelynany traditional teaching
strategies do little to foster teachers’ understamaf their learners’ mathematical
thought (Mansfield & Happs, 1996). Van Hiele (19&®serts that the inability of
many teachers to match instruction with their miplevel of understanding in
geometry more than anything else accounts for tfalure to promote students’

conceptual understanding in the subject.

In a study carried out in the North-West provinoeSouth Africa, for example, van
der Sandt and Nieuwoudt (2003) report that grateachers and prospective teachers
lacked the geometry content knowledge requisitetHiem to be successful teachers.
This revelation holds important consequences folesits’ learning of geometry in a
country like South Africa where “a function of thew curriculum [curriculum 2005]

is for school learners to emerge with enhanced emadical knowledge, skills and
dispositions” (Stoker, 2003, p.11). But an improegmin students’ learning assumes

an improvement in the pedagogy enabling that legtriThe fact is that teachers with
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inadequate geometry content knowledge tend to eatethe problems that students
experience in learning the subject (Nieuwoudt & T Sandt, 2003). Indeed, in
South Africa, students’ low mathematics achieventead largely been blamed on
teachers’ inadequacies in the classroom due teyhtem of apartheid education in
the past era that ill-equipped the majority of tleachers for effective teaching
(Stoker, 2003; Mji & Makgato, 2006). Crawford anddlé&r (1996, p.1196), for

example, state that apartheid education left ackegd “serious teacher shortages in
mathematics...and for the majority of teachers aesysof teaching and learning

lamentably deficient”.

In Nigeria, although a range of factors, such ashers’ qualifications, students’
family background, school environment, and theiculum have been identified as
contributing to students’ poor performance in hggihool mathematics, the literature
appears to underscore instructional-related issisethe most critical influence on
students’ achievement (Ilgwue, 1990; Ivowi, 1990;edayo, 2000; Onabanjo &
Akinsola, 2000). Research seems to indicate thas abt well with the teaching and
learning of mathematics generally and geometryartiqular in Nigerian secondary
schools. Adedayo (2000), for instance, reports tlasite of the 20 secondary schools
(making up 100% of her study sites) sampled in ka§tate had geoboards, and that
only 8 (40%) of the schools had graph boards. &irtbtudy conducted in secondary
schools in Oyo State, Nigeria, Onabanjo and Akms(1000) reveal that many
schools in the state lacked common geometricalrumstnts necessary for the
successful and effective teaching and learning abfosl geometry. As a result,
geometry classroom instruction is often times datad by verbal presentation and

memorization of geometric concepts.

Further, there is the all-important issue of teagheeluctance to opt for new and
more progressive methods of teaching. Despite reziog the pitfalls of the

traditional behaviourist classroom (see section.42.8ara. 2) that is often

characterized by regimented teacher-centred irtgtnycmany teachers appear to be
reluctant (for whatever reason) to embrace the rgdligeacclaimed learner-centred
social constructivist approach (see section 2.8afa. 3) (Yager, 1991; Schafer,
1996). Olkun et al. (2005) suggest that teachesgtiiction should aim at raising the
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level of students’ mathematical thinking, and tbarher-centred approach is the most

appropriate for this purpose.

Teachers’ geometry classroom instructional prastice Nigeria and South Africa
constituted a major part of this study. The aim teasbserve and report on geometry
classroom instruction so as to provide some passikplanations for students’ under-
achievement in geometry in these countries. Thaths focus was on teaching
methods rather than the mathematical proficiencieathers. The impetus to embark
on this rather ambitious goal was derived from I8tigand Hiebert's (1999, p.10)
assertion that “teaching, not teachers, is thacatitfactor” in students’ geometry
learning. Stigler and Hiebert (1999, pp.10-13) mlahat teaching is a “cultural
activity”, and that cross-cultural differences lmretmathematics attainment of students
are due more to variations in the pedagogical edrikeowledge of teachers across

cultures than teachers’ content knowledge of tlgest

Stigler and Hiebert's insight into the distinctivenstructional practices

characteristically prevalent in different cultureame from their analysis of the
classroom videos used in the Third Internationaltidmatics and Science Study
(TIMSS) conducted in 1995. Classroom videos madéhiae countries, Germany,
Japan and the U.S., were analyzed. From thesesasal$tigler and Hiebert (1999,
p.10) conclude that “although variability in [te@ch’] competence is certainly visible
in the videos we collected, such differences wevarted by differences iteaching

methodgemphasis in the original) that we see acrossi@st.

2.7.5 Some Earlier Models of Geometry Teaching incBools

The idea that method of teaching is closely linf@dchievement in school geometry
seems to be a long-held and widespread one. EweM#thematical Association of
the U.K. in the 1920s, for example, asserted thatents’ achievement in geometry
could be enhanced by structuring the course inagest according to method of
teaching rather than subject matter. The Associastates that although the
“Euclidean way of teaching geometry recognisedestanf subject matter, it however
used the same method of teaching throughout” theseo(Mathematical Association,

1923, p.14). As a result, learning geometry becamaiphill task for many school
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children as “the method was not adapted to the hmdggy of young boys”
(Mathematical Association, 1923, p.14). Accordindlye Association attempted to
structure instruction in geometry in ways thateeféd students’ thinking processes in
the early 1920s.

Consequently, the Mathematical Association prepareeport on the teaching of
geometry in schools that focused on the difficsltencountered by students in
Euclidean geometry (Pegg, 1995; French, 2004).Agseciation phased the teaching
of geometry into five stages and provided recomragads on how learners might be
taught at the various stages (Mathematical Associal923; French, 2004; Orton,
2004). The stages are:

Stage A: The Experimental Stage This stage focuses on real-life problems.
Common geometrical notions and shapes are to logedtwith emphasis on the use
of geometrical instruments. Oral presentation atdaelating to angles, lines and
triangles was recommended. Deductions are to be miatble. The ideal age for the

treatment of concepts at this stage is 122 yeaash@Matical Association, 1923).

Stage B: The Deductive Stageln this stage students learn theorems, solve
riders and write out proofs in geometry. The subjeatter of this stage was “the
whole of elementary plane geometry with occasiomaads upon the easier parts of
solid geometry” (Mathematical Association, 192315). A practical approach that
encourages the use of the deductive method as agelhtuitive knowledge was
recommended. Learners at this stage are yet tp daivelop Euclid’s systematising

process. This stage was recommended for studeadishajween 12%2-15 years old.

Stage C: The Systematizing Stagdn this stage, theorems studied in Stage B
are sequenced in logical order using a minimal remalb axioms. Reasoning is meant

to be rigorous. Not all students in secondary etilmicare expected to attain this stage
before leaving school. Students for whom this stage recommended are those aged
16 or 17.

Stage D: Modern Geometry In this stage, geometrical conics and formaldsoli

geometry are studied alongside projective geonsetd/systems of circles. According
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to the Association, this stage is meant for stuglerto are “reading for scholarship”
(Mathematical Association, 1923, p.16). Very fewdgnts ever reach this stage
(Orton, 2004).

Stage E: The Philosophy of Geometry Geometry at this stage deals with
higher levels of abstract formulation and analysietheorems in different axiomatic
systems (Orton, 2004). Non-Euclidean geometries lmanstudied. This stage is
considered to be appropriate “for a few gifted &uests”, and for university
education “rather than the school” (Mathematicad@@ation, 1923, p.16).

Though the model advocated by the Mathematical @&iaon found much support, it
was criticized on two fronts: First, the categomese too broad to be very useful, and
secondly, only a few students managed to reacheSabecause of the very broad
divisions of subject matter and approach (Pegg,5199rton, 2004). As a
consequence, it was felt that an approach was destieh better reflects, in more
detail, the growth in geometric understanding eixéi by students. One approach
that addresses this is the van Hiele theory of gdaemreasoning. Although the van
Hiele theory was developed as far back as thel@fs, the theory enjoys acclaim
today as one of the best-known frameworks for shglyeaching and learning
processes in geometry (Battista, 2002). Accordm@attista (2002), the van Hiele

theory offers the best description of studentsikinig about two-dimensional shapes.

2.8  The Van Hiele Theory

Pierre van Hiele and Dina van Hiele-Geldof wereualdand-and-wife team of Dutch
mathematics educators who did research in thel@®&)s on thought and concept
development in geometry among school children. Aseesult of many years of

teaching experience, they noticed with disappointmie difficulties that their

students had in learning geometry (Mason, 1998mérds, 2004). From classroom
observations, the van Hieles asserted that stugeds through several levels of
reasoning about geometric concepts (Shaughnessyr§eB 1985). Consequently,
the van Hieles developed a theory of levels of gfmun geometry, now called the

van Hiele theory, that suggests that students plassigh numerous levels of
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geometric thinking as they progress from merelyogeésing geometric shapes to
being able to construct a formal geometric proai(Wiele, 1986; Teppo, 1991; van
Hiele, 1999; Clements, 2004). The van Hiele themmgbles insight into why many
students encounter difficulties in their geometourses, particularly with formal

proofs. The theory also offers a model of teachivad teachers could apply in order
to promote their learners’ levels of understandingeometry (van Hiele, 1986; Fuys
et al., 1988; Pegg, 1995). In my study, both aspefcthe van Hiele theory, that is, the
van Hiele theory on the levels of geometric thimkiand the van Hiele theory on
geometry instruction, were utilised to explore stid’ geometric understanding and

the dominant patterns of geometry classroom instnuén Nigeria and South Africa.

The van Hiele theory originally posits the existent five sequential and hierarchical
discrete levels of geometric thought (Hoffer, 198%jskin, 1982; Senk, 1989). Two
different numbering schemes are commonly usederiitbrature to describe the van
Hiele levels: level 0 through to 4, and level lotigh to 5 (Senk, 1989). The van
Hieles originally made use of the level 0 throughdtnumbering scheme. However,
Hoffer (1981) and van Hiele's (1986; 1999) moreemcwritings make use of the
level 1 through to 5 numbering system. This, acdogrtb Senk (1989, p.310), permits
the 0 to be used for students who do not operatre at/the van Hiele’s “basic” level.
In this study, all references made to researchiedutiat used the 0 to 4 scheme have
been adapted to the 1 through to 5 numbering sch&heevan Hiele levels can be
described as follows:

Level 1: Recognition (or visual level). At this level, students recagnigeometric
shapes as a whole (Shaughnessy & Burger, 1985)silitents can identify, name
and compare geometric shapes such as trianglessesgand rectangles only in their
visible form (Fuys et al., 1988). No attention igal to the properties of these shapes
(Mayberry, 1983). A figure is perceived as a whiaeognizable by its visible form
and only in some standard orientation. The studdnthis level makes “use of
imprecise qualities to compare drawings and totiflercharacterize, and sort shapes”
(Burger & Shaughnessy, 1986, p.43). Descriptiorshased purely on visual appeal.
For example, a student at this level “will recogn& picture of a rectangle but likely

will not be aware of many properties of rectangl@stffer, 1981, p.13). If a student
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is asked why he or she called a figure a rectatiggereply might be “because it looks

like a rectangle; it is like a window or a door'hgdighnessy & Burger, 1985, p.420).

Level 2: Analysis (or descriptive level). The student at this leiseehble to reason

about a geometric shape in terms of its properfibe student now sees geometric
shapes as collections of properties. Students eangnize and name properties of
geometric figures, but they do not yet understams relationships between these
properties and between different figures (Hoffe®81;, van Hiele, 1986; Mason,

1998). When asked why a figure is a rectangle,stibéent’s response would be a
litany of properties: “opposite sides are parallepposite sides are congruent,
opposite angles are equal, you have four rightemidiShaughnessy & Burger, 1985,
p.420). The students have not yet mastered whigpepties are necessary and which
are sufficient to describe a geometric shape (Ma$888). Class inclusion is not yet

understood.

Level 3: Order (or theoretical level). At this level, the studean logically order the
“litany” of properties of figures previously idefiid, and begins to perceive the
relationships between these properties and betwédtarent figures (Pegg, 1995).
Students use the properties that they already kodiwrmulate definitions of simple
geometric shapes, and class inclusions are undédrgtdayberry, 1983; van Hiele,
1999). Simple inferences can be made. For exanmb isosceles triangle a student
might be able to draw the inference that sincedjgosite sides are equal, then the
opposite angles are also equal; and to give sufthittens as “a square is a rectangle
with all sides equal” (Pegg, 1995, p.91). The ane importance of formal deduction,

however, is not yet understood (Mason, 1998).

Level 4. Deduction At this level, deduction becomes meaningful. ™iadent
understands the significance of deduction anddlesaf postulates, axioms, theorems
and proof (Hoffer, 1981). Students at this levaddt be able to supply the reasons
for steps in a proof and also construct their owoofs, while the need for rote
learning is minimized (Pegg, 1995). For exampleemhsked to describe a geometric
shape, such as a rectangle, using the least anobunformation, a student at this
level may respond: “A rectangle is a parallelograitin an angle a right angle” (Pegg,
1995, p.91). While Pegg (1995, p.91) states thiatldvel is likely to represent an

Page 61



upper bound on what might reasonably be expectdldersecondary school, adding
that “only about 25% of 18-year-olds will feel caoriable with problems of this
level”, Shaughnessy and Burger (1985, p.420) olesé¢hat “many high school

courses approach the study of geometry at thig’leve

Level 5: Rigour. At this level, students can reason formally abm#thematical
systems. The necessity for rigour is understoodasiract deductions can be made
(Usiskin, 1982). The students are able to analyaeous deductive systems like
establishing theorems in different axiomatic systehon-Euclidean geometries can
be studied and different systems can be comparexyl{dtry, 1983; Feza & Webb,
2005). For example, students at this level are #blestablish that the locus of all
points equidistant from a fixed point is a cirarekuclidean geometry, whereas, the

same locus is a square in Taxicab geometry (Krdl#886).

Clements and Battista (1992, p.429) argue that nsahgol children exhibit thinking
about geometric concepts more “primitive than, g@ndbably prerequisite to, van
Hiele’s level 1”. They therefore propose the existe of level 0, which they call pre-
recognition. Students at this level can distinglistween curvilinear and rectilinear
shapes, but not among shapes in the same clasad@ns at this level, for example,
may differentiate between a circle and a rectarighé,not between a rhombus and a
square. In this study, the existence of level O ve&®n into consideration in the

assignment of van Hiele levels.

2.8.1 Properties of the van Hiele Levels

The van Hieles made certain observations aboutdh&e of the levels of thinking in
geometry and their relationships to geometry ctassr instruction. In order to
understand how an individual student progresses trne van Hiele level to the next,
early van Hiele researchers like Usiskin (1982)<et al. (1988) and, of course, the

van Hieles themselves, identified the followingpedies as pertaining to the levels:
Property 1: Fixed Sequence/Hierarchy A student cannot operate, with
understanding, at van Hiele levet1 without having gone through levelvan Hiele,

1986; Senk, 1989; Mason, 1998).
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Property 2: Linguistic Character. An important consequence of the van Hiele
theory is its pedagogical relevance to instruciiorgeometry. Each of the levels is
characterized by its own linguistic symbols andwuoek of relations. People
reasoning at different levels speak different laaggps and the same term is
interpreted differently. In a classroom situatidar example, one might find the
teacher, the texts, and the students functionindifedrent levels and hence using
different linguistic symbols or networks of relat& Consequently, neither the
students nor the teacher would understand each fthe Hiele, 1986; Pegg, 1995;
Mason, 1998). The mismatch between instruction stndents’ cognitive levels in
geometry is caused largely by teachers’ failurddfiver instruction to the pupils in a
language that is appropriate to the students’ thqnkevels (van Hiele, 1986). Van

Hiele (1986) sees this property as the most cliticthe learning process:

In education, teachers often give their studensolvable problems. They use
the language of the third level and the pupilsrotiee not even able to use the
language of the second level. Sometimes the phpN® not even formed a
language of the first level that accompanies tsaali structure. (p.90)

The result of such instruction is that the learrames obliged to imitate, but without
understanding, the action structure of the teac¥ian Hiele (1986, p.45) therefore
proposes that “a teacher beginning the teachimgometry should address himself to
the pupils in a language they understand”. By tlde Hiele means that teachers
should use level-appropriate terminology, symbals,general language in their

geometry instructional practices.

Property 3: Adjacency. Concepts that were implicitly understood at lavélecome

explicitly understood at levei+1 (Fuys et al., 1988).

Property 4: Discontinuity. According to van Hiele (1986, p.49), the mostididive
property of the levels of thinking “is their disdoruity, the lack of coherence
between the network of relations”. That is to sthe learning of geometry is a
discontinuous process characterized by qualitativdistinct levels of thinking
(Clements, 2004). Two persons who reason at diffdmvels would not understand

each other. A student having attained a givenl lmmaains at that level for a while,
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as if ‘maturing’ (Pegg, 1995). Attempts to forcee thtudent to perform at a higher

level will not succeed until this maturation proséss occurred.

Property 5: Retention. Research evidence indicates that students can bidferent

van Hiele levels for different concepts (Maybery@83; Burger & Shaughnessy,
1986; Pegg, 1995; Mason, 1998). Some studentatsthate between levels (Burger
& Shaughnessy, 1986; Orton, 2004). However, onctudent’s thought has been
raised to a certain level in one concept, it becoemsier for the student to think at

that level in other concepts (Pegg, 1995; Masof819

Property 6: Ascendancy By ascendancy, movement from a lower level tortbet
higher one is implied. Progress from one levelhe hext is more dependent on
instructional experience than on age or biologioaturation (Clements, 2004). Van
Hiele himself stresses this property when he writdge transition from one level to
the following is not a natural process; it takeacgl under influence of a teaching —
learning program” (van Hiele, 1986, p.50). Van Midurther posits that students
progress through each level as a result of instnu¢hat is sequenced into five phases
of learning, beginning with information and movinlgrough guided orientation,

explicitation, free orientation, to integration fveliele, 1986; Mason, 1998).

2.8.2 The Van Hiele Phases

According to the van Hieles, there are five phasdke learning process that promote
students’ progress from one van Hiele level to tiext in geometry classroom

instruction (van Hiele, 1986, p.53). These phasessa follows:

Phase 1: Information Through discussion, the teacher leads the lemtioebecome
acquainted with the domain of investigation (Masb®98). For example, the teacher
may show a picture (or diagram) of a rhombus toctaes, and the students are asked
to identify rhombuses from a collection of shaped & composite figures (Pegg,
1995). According to Pegg (1995), the students shbwel allowed to use their own
language (or imprecise terminology) in the discussvith minimal interference from
the teacher. This enables the teacher to identilyt\the learners already known about

the topic or concept being investigated (Mason8).99
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Phase 2: Guided Orientation The teacher guides the students to explore tjexib
of instruction by assigning carefully structured Bimple tasks that invite or permit
only one solution (Mason, 1998; van Hiele, 1986)r Example, simple activities
involving folding, reflecting and measuring usingl@ape such as a rhombus may be
assigned to the students. The students are expectdderve things about the angles,
sides, and diagonals. The teacher still allowsesttglto use their own language, but
with occasional injections of the right terminolo@egg, 1995).

Phase 3: Explicitation The students describe what they have learnedt @hewopic

using their own language. For example, the studerdy discuss what they have
discovered about the properties of a rhombus. &aehier introduces technical terms
associated with the subject matter in order to tenaccurate communication among

the students.

Phase 4: Free Orientation Activities here are designed to provide the stislevith

problems that have multi-path solutions. The stteleme encouraged to find their
own solution in the network of relations (van Hiel®86). For example, the students
may be asked to construct a rhombus given somé&esrand sides. Tasks in this

phase are open-ended ones.

Phase 5: Integration The students are conversant with the field ofltand have
arrived at an overview of the topic. They now havelear sense of purpose with
regard to the object of study, having develope@w network of relations pertaining
to it, and are able to summarise and integrate Wieyt have learned. The students
have attained the next level. Van Hiele (1986, p)Xuggests that “problems set to
check integration must be simple”. For example, shadents may be asked to

“summarise and memorise the properties of the rush@Pegg, 1995, p.96).

A major relevance of the van Hiele learning phasesheir link with the level

descriptions. The phases are invariant with resfeany two adjacent van Hiele
levels. This offers teachers a chance to identi®arcstarting and ending points in
their effort to raise students’ thought at any gilevel to the next higher level during

instruction in geometry. In sum, the van Hiele @sasffer teachers the opportunity to
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compare their current instructional practice withmadel of teaching that places
“introductory discussion, straightforward exercidasguage development, multi-path

solution exercises and topic overview in a sequetiRegg, 1995, p.98).

One of the goals of my study was to explicate thdagogical patterns of geometry
instruction in Nigeria and South Africa using trenHiele phases as a lens. Given the
sequential framework of the van Hiele phases, Wisild seem an easy goal to
achieve. However, a major challenge was the questishe number of lessons to be
observed, since according to Dina van Hiele-Geldsfinany as 50 lessons are needed
to move learners from level 2, for example, to le¥gPegg, 1995). The invariant
quality of the phases across the levels providedrever to this problem. The point
stressed by the van Hiele theory on instructiorideel attainment is that each unit of
a teacher’'s geometry classroom instructional defighould be organised in accord
with the sequence of the phases. Therefore, evensimgle lesson, one can easily

observe the presence (or lack thereof) of this esecg!

The description of the van Hiele phases given alapears to be consistent with
constructivism as a theory of instruction in edigrat It would seem necessary,
therefore, to discuss the constructivist learniragat within the context of my study.

But first it is necessary to look more closely atng of the characteristics of the van

Hiele theory.

2.8.3 Characteristics of the Van Hiele Theory

What is special about the van Hiele theory anywlay®@ne sentence, the van Hiele
theory owes its unique character to being bothearth of learning and a theory of
instruction. According to Bell (1978), Bruner digjuishes between these two
categories of educational theories. Learning tlesoare descriptive in nature. A
theory of learning (or intellectual development)scigbes what has happened and
what can reasonably be expected to happen. Itidesahose mental activities which
children can do at certain ages or stages of ihigllectual development (Bell, 1978).
For example, Piaget’s theory of intellectual depet@nt describes the stages through
which mental growth progresses among children @i&ginhelder, 1969). Piaget’s

theory identifies cognitive activities which chiédr are capable of doing at certain
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ages, but it does not prescribe procedures fohiegdBell, 1978). Piaget's theory is
therefore a learning theory.

A theory of instruction, on the other hand is prggive in nature (Bell, 1978). A
theory of instruction is prescriptive if it “conte principles for the most effective
procedure for teaching and learning facts, skillscepts, and principles” (Bell, 1978,
p.140). That is, within the theory there are priésat processes and strategies for the
attainment of the objectives of instruction. ThenvhHliele theory on levels of
geometric thinking (see section 2.8) is descriptiwile the van Hiele theory on
instruction (see section 2.8.2) is prescriptived drence the van Hiele theory in
general is both a theory of learning and a thednpnsiruction. Bell (1978) expresses
the view that a good theory of education is ond #mraalgamates learning and

teaching.

Usiskin (1982) states that the van Hiele theonbditg to describe and predict
behaviour, and to prescribe procedures for thenatent of levels (of thinking) are
important attributes for any theory that purpoat®é scientific, as opposed to theories
that are merely speculative. According to Usiski®82), the van Hiele theory
possesses three appealing characteristics, nanegjgnee, comprehensiveness, and

wide applicability. These are briefly discussedbel

1. Elegance This refers to the rather simple structure of ttieory. Movement from

one level to the next follows the same basic ppiles, displaying elegance of form.
According to Usiskin (1982, p.16), “the simplicibf structure is evident when one
notes that the figures of level 1 are the builddarks for properties at level 2, which

in turn are ordered in level 3", and so forth.

2. Comprehensiveness By comprehensiveness, Usiskin (1982) refers te th
descriptive and prescriptive attributes of the Wiele theory. In his words, “any

theory which covers the whole of learning of geameand which seeks to explain
not only why students have trouble in learning &lsb what could be done to remove

these stumbling blocks, must be called comprehehgiysiskin, 1982, p.17).
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3. Wide Applicability: Having influenced major reforms in geometry otuia
developments “in countries as diverse as the Nieth@s, the Soviet Union, and the
United States”, Usiskin (1982, p.17) believes tkla¢ van Hiele theory should
“obviously [be] seen as both widely and easily aatlle”. Despite this wide
applicability, only a few studies have utilized tren Hiele model to explain students’
geometric thinking levels in an African context. efb appears to be a particular
dearth of research in the available literature eamiag the use of the van Hiele theory
on instruction to explicate geometry classroomrutdttonal practices. This lack alone
renders the present study a worthwhile endeavoost especially in the Nigerian and

South African contexts.

2.8.4 The Constructivist Approach to Instruction

The purpose of this section is to locate the vagleHiheory in the context of a much
broader theory of education that places emphasisamers as active participants in
knowledge generation in the teaching—learning 8dnaAccording to Stoker (2003),
the current South African national curriculum (Geutum 2005) is based on a
constructivist framework, with a shift in focus finoteacher-centred instruction to an
approach that places learners at the heart obictgin. Significantly, there is research
evidence indicating that the South African natiomakriculum prescriptions for
geometry in the intermediate phase are consistéhtthie van Hiele theory (Feza &
Webb, 2005). Hence, by transitivity, the van Hi¢heory can be regarded as a
constructivist theory of teaching and learning.

Traditionally, mathematics instruction has beeneldasn a transmission—absorption
behaviourist model in terms of which pupils wer@ested to absorb unquestioningly
mathematics structures invented by others (Ort604 Teachers were perceived as
holders of the mathematical knowledge to be leamiaile pupils were treated, often
through drills and practices, as passive recipiesftsknowledge (Mclnerney &
Mclnerney, 2002; Orton, 2004). But this method eérhing by rote was largely
unsuccessful as the “transmitted knowledge was awwhprehensively grasped”
(Orton, 2004, p.195). Despite this, the behaviduapproach to instruction still
permeates the classroom instructional practicesanfy teachers (see section 2.7.4.3)
(Yager, 1991).
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Constructivism developed from one of the fundamleatsumptions of cognitive
learning psychology, which is that new knowledgéoisthe most part constructed by
the learners themselves (Orton, 2004). The earlgstcoctivists believed that
knowledge is an individual construction and thathedearner must construct
knowledge for and by himself. According to Yage®41l), effective learning takes
place only when learners have ownership of the bafdgnowledge being learned.
Yager (1991) expresses the view that in teachimpwkedge cannot simply be
transferred by means of words without there fiesh some form of agreement about
meaning pertaining to some shared experiential .b@bat is, teachers should
determine learners’ prior knowledge and lead thénmgugh negotiation, to construct
their own meaning and understanding of the subjeatter being taught. The
importance of teachers’ knowledge of learners’ pknowledge about the concept
being taught is exemplified by Ausubel, one of &aliest proponents of cognitive

psychology, when he said:

If 1 had to reduce all of educational psychologyjust one principle, | would
say this: The most important single factor influegclearning is what the
learner already knows. Ascertain this and teachadoordingly.

(Ausubel, 1968, frontispiece).

From the constructivist perspective, knowledgeasatquired passively. The mind of
the learner is not a blank slate ready only to ivecémpressions, information or
knowledge ‘copied’ on it by the teacher. Rathearhers actively and creatively
construct their own knowledge of the experientiarié through organisation and

reorganisation of their internal cognitive struetsi{Piaget & Inhelder, 1969).

There are many elements in the van Hiele theonyateaconsistent with constructivist
ideas about teaching and learning. For example, Waate (1986) believes that
learning would be inhibited if teaching were to g@ed by indoctrination, with the
teacher all-knowing and the learner simply therdeoinstructed. Van Hiele (1986,
p.56) stresses the point that teachers “should fraepils as dignified opponents,
opponents capable of introducing new argumentsé e of the teacher, as shared
by the van Hieles and the constructivists, shoutd be the “impartation of

knowledge”, but rather that of a facilitator wh@uéates and coordinates negotiations
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through group discussions in the process of coctatigl knowledge in the classroom
(van Hiele, 1986, p.56).

Language is another important component of both Wiele's theory and
constructivism. Yager (1991, p.53) believes that fearning is dependent upon
language and communication”, but that, in the cuo$ivist perspective, language
should not be used for transferring informationnaloOn the contrary, “language
must have meaning and not [be] a source for it'gefal1991, p.55). In his theory of
cognitive thinking levels, van Hiele (1986) emplsasi the view that language plays a
central role in learning. He (ibid.) states thaewla student has learned to understand
a structure by direct contact with reality, he loe snust learn the language associated
with it, which will empower him or her to exchangews about it with other people.
This is a phase in the learning process that vabteHialls explicitation (see section
2.8.2).

One of the major goals of this study, as statedieeais to describe and assess
teachers’ geometry instructional practices in Nmand South Africa. The purpose of
this review of literature has therefore been, int,pé0 establish a theoretical

framework in terms of which to evaluate teachedgiseroom practices in these
countries. The van Hiele theory of instruction ttisathe component of the van Hiele
theory concerned with teaching strategies (i.evélreHiele phases), has provided this
framework (see section 2.8.2). Nevertheless, themains the challenge of how to
articulate what | call the van Hiele phase desorgtas little seems to have been
reported in the literature on what constitutes ente of each of the van Hiele
learning phases in a teaching—learning settings fewyal. (1988), however, offer three
different sets of instructional modules that seslembody the van Hiele phases. In
their view (and | concur), the development of thésgching modules reflects key
elements of the van Hiele phases in moving learfrera one thought level to the

next. In his assessment of the modules, van Hieledif expressed the view that “the
modules embodied the levels” and utilized procesldhat reflect descriptors of the

phases (Fuys et al., 1988, p.15).

In Module 1, Fuys et al. (1988) treat basic geomeatoncepts (parallelism, angle,

congruence etc.) and the properties of quadrilstefngle measurement, i.e. angle
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properties of triangles and quadrilaterals, areftloeis of Module 2. Module 3 treats
area measurement of simple two-dimensional sha&@@geral instructional activities
were designed for each of the teaching modules.eikample, Module 1 activities
included classification, identification, sortingisting properties, and explaining
subclass relations of two-dimensional shapes. hdothe contents as well as the
activities of Modules 1 and 2 to be particularijerant to my study, because they
make full use of appropriate instruments for theeasment of students’ geometric
understanding. Although Fuys et al. (1988) did adi@w up a list of what could be
termed the van Hiele phase descriptors, the simigdtgn of their teaching modules
made it possible for me to isolate and articulategatwwin my opinion constitutes
evidence of the van Hiele phases that can be usednalyze activities in an
instructional setting according to the van Hieledty. These descriptors will be

discussed briefly.

The view has always been held that no single mettiddaching is the best for all
students and for all learning, because instructipnacedures that are very effective
in one context can be limited in others (Mclnerge¥clnerney, 2002). This notion
calls for broadness of mind in the quest for frameks in terms of which teachers’
instructional practices can be analyzed. Yager 119953) develops a model of
learning according to constructivist principles @hhhe calls “Constructivist Learning
Model (CLM)”, and offers a number of descriptorswifat constitutes a constructivist
teaching approach. The central idea in Yager's 119955) Constructivist Learning
Model is that “knowledge is not acquired passivebid that in teaching the teacher
should promote discussion of subject matter betwaerself and the learners, and
among the learners themselves. The assumptionidérat when teachers believe in
this approach, they will no longer expect a matherabhproblem to have only one
solution strategy, and they will expect solutioplexation from the learners. In other
words, teaching should be directed towards stutldeteelopment of what Kilpatrick
et al. (2001, p.124) call strategic competence -€omponent of mathematical
proficiency which requires that students “should know a vgrigtsolution strategies

as well as which strategies might be useful foviagla specific problem”.

2 Mathematical proficiency was coined by Kilpatriekal. (2001, pp.115-116) to describe what theigbelis necessary for
anyone to learn mathematics successfully. Accortbirthem, mathematical proficiency has five compas@amely, conceptual
understanding, procedural fluency, strategic coeme, adaptive reasoning, and productive dispasitio
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Although Yager (1991) does not mention the van éigleory specifically, many
elements of his CLM nevertheless appear to be stamiwith the descriptors of the
van Hiele phases. Some of the key elements of YaE991) CLM which | found to

be consistent with the van Hiele phase descriptord which can be used for
analyzing teaching activities and are thereforevamt to my study include the

following:

» Teachers’ recognition of, and building on learng@rsdor knowledge;

» Teachers’ creation of an interactive learning esrvinent;

» Teachers’ encouragement of learners to challeragggest and negotiate meaning;

» Teachers’ promotion of collaborative work amongteas;

» Teachers’ use of open-ended questions to encoleageers to elaborate on their
responses;

» Teachers’ encouragement of learners to seek theirsolution strategies;

» Teachers’ encouragement of learners to reflecthadrefine their ideas.

In using the van Hiele phases (see section 2.82jha general framework for
analyzing geometry classroom instructional prasti¢édhave devised, for the purpose
of this study, a checklist of what constitutes ewvice of the van Hiele phases in an
instructional setting. In drawing up this checklisthave combined ideas from the
instructional modules of Fuys et al. (1988) witly ledements of Yager's (1991) CLM.
The checklist of the van Hiele phase descriptopeaps below.

2.8.4.1 Checklist of Van Hiele Phase Descriptors

1. Teacher introduces the topic by recognising anddimg on learners’ prior
knowledge.

2. Teacher delays introduction of formal vocabulamyg @ondones learners’ use of
common informal terms in the ensuing discussion.

3. Teacher asks questions that seek to clarify stgtiémprecise terminology and
gradually introduces formal mathematical language.

4. Teacher creates an interactive learning environraedt encourages learners to
challenge, contest and negotiate meanings and i@wutto mathematical

problems.

Page 72



5. Teacher asks questions that steer students’ thaagfatrd the central idea being
developed.

6. Teacher uses open-ended questions and encouragesrieto seek their own
solution strategies.

7. Teacher encourages learners to elaborate on &sgionses.

8. Teacher uses questions that encourage learnegfidotron, refine and summarize

their ideas about the concept learned.

In drawing up the above checklist, | acknowledgat tteaching is a complex and
dynamic activity, which means that the items in liseare not necessarily precisely
ordered and mutually exclusive. That is, teachiogsdnot necessarily progress in the
sequence presented above. However, the first andiagt items in the list seem to
typify, respectively, the starting and the endimgngs for an instructional activity in

the van Hiele phases.

2.8.5 A Critigue of the Van Hiele Theory

As a result of its wide applicability, the van Higheory has over the years attracted
comment from researchers across the globe. Whitee sof these responses might
appear superficial, others are objective and prudohese are some of the general

observations that have been made about the vaa thiebry:

1. Although research evidence tends to supporhigrarchical nature of the van
Hiele levels (e.g. Usiskin, 1982; Mayberry, 19838rr@er & Shaughnessy, 1986; Fuys
et al., 1988), there is doubt about the discre®(ies discontinuity) of the levels “as
a child can seem to act at different levels inetéht contexts and even change level
within the same task” (Orton, 2004, p.183). Burged Shaughnessy (1986, p.45), for
example, observe that “although the van Hieles Hheerised that the levels are
discrete structures, [their] study did not detdwittfeature...Some [students] even

oscillate from one level to another on the samle’tas

2. The van Hiele levels tend to be criterion dependBy using two different

level assignment criteria, Usiskin (1982), for exden demonstrates that a student’s
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assigned van Hiele level may depend upon the itefor the level. That is,
depending on the criterion used, a student’s valeHevel may change even when
the questions or tasks are not changed. UsiskiB2(19.32) sees this as a weakness of
the van Hiele theory, because “if the theory isuas=d, a student should have only
one level”. Nevertheless, Usiskin (1982) offers sosniggestions that could help to
diminish this weakness of the theory. First, thenhar of question items at each level
could be increased in order to lessen the impaguetsing and of a response on just
one item. Second, at higher van Hiele levels, thier@ for attainment could be made
easier. For example, “an 80% criterion could beduUse responses at levels 1 and 2,
and a 60% criterion at levels 3, 4, and 5” (Usiski®82, p.33).

3. There appears to be controversy in the liteeategarding the existence or
non-existence of van Hiele level 5. Zachos (asdcite Orton, 2004), for example,
argues that since there is very little chance mdifig any students who have attained
level 5, there is little evidence to support thésence of this level. Usiskin (1982,
pp.13-14) expresses a similar opinion when he thait“level 5 is of questionable
testability” (p.13) and that “van Hiele [himself 4]jadisavowed belief in the fifth
level”. Indeed, in his more recent writings, vareldi (1986, p.47) appears to question

the existence, or at least utility, of level 5:

Some people are now testing students to see ifliagg attained the fifth or
higher levels. | think this is only of theoreticallue...So | am unhappy if, on
the ground of my levels of thinking, investigatiome made to establish the
existence of the fifth and higher levels.

The above criticisms of the van Hiele theory werdydconsidered in my study.
Concerning the discreteness or otherwise of theldgieriticism number 1), Hoffer (as
cited in Fuys et al.,, 1988, p.181) argues thats¢hebservations may not reflect
continuity in learning but rather continuity in tdéng”. In other words, Hoffer
maintains that the proposition that the van Hieeels are discontinuous is valid.
Accordingly, | have assumed discreteness to betehuwde of the levels in this study.
In addressing criticism number 2, | accept Usiskif1982) suggestion that the
number of items at each van Hiele level shouldrmeeased in order to lessen the

impact of guessing and of the unreliability of apense on just one item. Finally, in
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line with van Hiele’s (1986) changing view aboué texistence of level 5 (criticism

number 3), | have investigated only the first feawels in this study.

In conclusion, whatever criticisms there might bee literature remains optimistic
about the likelihood of finding ways of improvinget geometric understanding of
school children by building on knowledge obtaineahf research into the van Hiele
levels (Usiskin, 1982; Orton, 2004).

2.9  Chapter conclusion

This chapter has presented the theory in termsthothwthe data gathered for this
study were analyzed and the results interpretedoiimg this, the chapter began with a
consideration of the multiple conceptions of geogeEuclidean geometry as an
important and dominant subject in the school matites curricula of many countries
was discussed and placed in historical perspeciive.study of school geometry was
problematized against the objectives of geometichig and learning in the
Nigerian and South African contexts. The conceplifficulties experienced by
students in school geometry and their manifestatiéor example, misconceptions,
imprecise terminology, problems with the identifioa and classification of two-
dimensional shapes, among others, were examingdeThajor causes of students’
underachievement in geometry highlighted in therditure — relating to curricular,

textual, and instructional/pedagogical factors fendiscussed.

The van Hiele theory of geometric thinking levelasapresented as the overarching
theory that underpins this study. Both aspectshefuan Hiele theory — the aspect
proposing levels of geometric understanding, and #spect concerned with
instruction in geometry — were discussed, with ewto identifying and specifying
frameworks for analyzing the data generated inghisgly. | ended this chapter with a
critique of the van Hiele theory and explained hbe major criticisms of the theory

were addressed in my study.

The following chapter contextualizes this study hivit its research paradigm,

explaining the orientation, design and processhhae shaped the study.
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CHAPTER THREE

THE METHODOLOGY

3.1 Introduction

This chapter describes and explains the reseaottess that informs this study. The
chapter first gives a brief overview of the stu@nd then clarifies the research
methodology. The methodology is articulated in terof the orientation, overall
design and conduct of the research. It is importanpoint out at once that these
aspects of the research do not comprise a stramg¥dfd linear sequence, as one
might be led to expect from the methodologicaldtrite they suggest (Southwood, as
cited in Schafer, 2003). On the contrary, the ent@search process was a complex
and dynamic exercise embracing several relatiossimpolving interaction, and
spanning three years of intensive study (July 2005-2008).

This research study was undertaken primarily tatifie and explicate the van Hiele
levels of geometric thinking of grade 10, 11 andld&mers in Nigeria and South
Africa, and to give a rich and in-depth descriptadrthe instructional processes most
proximally related to the levels of geometric cqotclization exhibited by these
learners. Thus, there are two aspects to this siialy first aspect concerns students’
level of geometric understanding, while the secasgpect deals with geometry
classroom instructional practices. The study da¥s hiowever, necessarily assume a
strong direct causal relationship between the tameets, but rather tries to describe
what learning opportunities/experiences students exposed to within a given

instructional strategy.

One of the critical issues that confronted me iis $tudy was how to devise a
convincing methodology for describing students’disvof thinking in geometry, and
the instructional practices that possibly produtieelse levels. At first glance, one
might think that this should not be a problem sireg pen-and-paper test that
focuses on geometric concepts would suffice tardete levels of thinkingAlthough

most of the van Hiele writings (van Hiele, 19869299 and many of the van Hiele
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earlier researchers (Hoffer, 1981; Usiskin, 1982aybkrry, 1983; Burger &
Shaughnessy, 1986; Fuys et al., 1988) have docechenteresting and legitimate
methodologies for accessing students’ geometrickihg levels, van Hiele himself
acknowledges the fact that the “tracing of levelstronking that play a part in
geometry is not a simple affair, for the levels sitaated not in the subject matter but
in the thinking of man” (van Hiele, 1986, p.41).

Van Hiele seems to be suggesting here that detarglievels of thinking to elucidate
what the learner knows in geometry is a complex@se that requires more than the
simple administration of a pen-and-paper test. Th&hared by Schafer (2003, p.45)
who writes that many “traditional pen-and-papetse® not [adequately] reflect an
individual's spatial conceptualization”. Driver (48, p.58) similarly expresses the
view that “applying a single test of drawing to ddse the overall level of
[mathematical] performance of a subject is unjitie”. Responding to these
informed views, | combined pen-and-paper tests \Wwadhds-on activity tests in my
attempt to explore, describe and interpret levélgemmetric understanding among
high school learners. These tests, together whkramnmeasurement instruments used

in this study, are described in detail towardsehe of this chapter.

This research is a collective case study (Stak€pR@onducted in two countries,
Nigeria and South Africa. The study involved a adtwd 144 high school learners in
the age range of 13 to 22 years, with an averageofdl6.6 years. Most of the
learners (85% of them) were aged between 15 ary@ds.

The case study as a research approach has geretatexf debate among natural and
social scientists, with some questioning its usefss in obtaining generalizable
results, and others favouring it as a suitablesbi@sigeneralization (Lincoln & Guba,

2000). Although | do not intend to immerse myselthis debate, | believe that a few
comments from both camps could help to clarify rogifion on this issue as it relates
to my study. Many (natural) scientists believe thanheralizations are the be-all and
end-all of inquiry, and assert that if one rejabis goals of achieving generalizations,
all that can be left is knowledge of the particuland they ask: “what value could

there be in knowing only the unique?” (Lincoln & &y 2000, p.27). These scientists
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claim that case studies are of limited use becdtsy are not a suitable basis for
generalization” (Stake, 2000, p.19).

On the other hand, there are many who hold the et the case study research
method is to be preferred, because the eventstegpior many such ‘cases’ are likely
to be in harmony with the reader’s personal expegs, and thus provide for that
person a natural basis for generalization (Stak80QP Therefore, Stake (2000, p.19)
draws the conclusion that the “most effective mearexdding to understanding for all
readers [is] by approximating through the words dindtrations of our reports the

natural experience attained in ordinary personadliement”.

In the light of the above debate concerning casdiets and generalizability, this
study does not lay claim to generalization beydmal ¢ases treated in the research.
Nevertheless, especially in view of the in-depthadptions of the cases provided, it
is expected that some of the interpretations, tesuid conclusions generated in this

research will prove useful in other comparable epist

3.2 Orientation

This study is oriented in the interpretive resegratadigm. The interpretive paradigm
holds the view that people have reasons why thénavedact the way they do, and
that to understand the reasons behind human behfétion requires not
detachment from, but rather direct interaction wtie people concerned (Connole,
1998; Schwandt, 2000). This paradigm emphasizes uhéerstanding and
interpretation of the subjective (classroom) exgreaees of the participants involved in
a study (Cantrell, 1993; Giddens, as cited in Ctsyrk998).

Like other research paradigms (such as positiviamd a&onstructionism), the
interpretive paradigm is characterized by its owmtotbgy, epistemology and
methodology (Terre Blanche & Kelly, 1999). Ontologpecifies the nature of reality
that is to be studied and what can be known altpapistemology defines the nature
of the relationship between the researcher (knowad what can be known; and

“methodology specifies how the researcher may goutlpractically studying
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whatever he or she believes can be known” (Terem@ie & Durrheim, 1999, p.6).

The interpretive tradition assumes that peoplelgexiive experiences are real and
should not be overlooked (ontology), that theseeerpces can be understood by
interacting with the people concerned and listeningwhat they have to say

(epistemology), and that qualitative research teghes are best suited to gaining an
understanding of the subjective experiences ofrstfraethodology) (Terre Blanche

& Kelly, 1999).

Simply and somewhat crudely put, the ontologicalerpinning of this study consists
of the geometric thinking levels of high schoolrtears in grades 10-12 in Nigeria
and South Africa, together with my desire to inigege these, to find out how the
learners actually perceive, interpret and demotesttheir understanding of key
concepts in school geometry. In order to betterewstdnd the geometric thinking
processes attributable to a particular van Hielellef these learners, | engaged in
direct interaction with them and probed in-depthitttchoice of solution (path) in
given geometry tasks (epistemology) (Greenwood,619reyfus, 1999). In my
efforts to explore, describe and interpret the lewvaf geometric thinking of the
learner-participants, | devised and administeretua pen-and-paper tests as well as
hands-on activity tests (methodology). In sum, mtgriest in the sorts of interaction
described above and my desire for in-depth probinigarner responses necessitated

my choice of the interpretive paradigm in this stud

Given the goals of the study (see Chapter 1), iuld/dbe expected that both
qualitative and quantitative data would be producdkctordingly, various research
instruments and techniques were employed that geterboth qualitative and
quantitative data. Creswell (2003) suggests thatigtive and quantitative data may
be combined to expand an understanding from oree skttto another or to confirm
findings from different data sources. In this studyalitative and quantitative data

were used to in such a way as to corroborate eihel. o
A qualitative research approach is “characterizednbensive study, description of

events, and interpretation of meanings” (Schunk)42(.5). It utilizes first-hand

accounts of participants’ experiences and triedetecribe events in rich detail (Terre
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Blanche & Kelly, 1999). This study investigatesdgnts’ geometric understanding in

terms of the van Hiele levels and the findingsd®scribed in an elaborate manner.

Quantitative research techniques typically attemoptiescribe relationships among
variables statistically and to present a numereellysis of the social relations being
studied (Creswell, 1994; Jackson, 1995). This studpart, explores the relationship
between a student’s identified van Hiele level ebmetric thought and his or her
achievement in ‘general’ mathematics (algebra arahtetry). This gives my study a
correlational research element, which usually getesr quantitative data to explore
the relations that may exist between variables {8kh2004). Given that students’
achievement is usually measured and describedmenoal terms (10%, 20%, and so
forth), it became imperative for me to incorporgtentitative research techniques in

this study in order to achieve its declared goals.

Combining qualitative and quantitative methods sirjle study is not unproblematic
(Brannen, 2004). The challenges that this appreades for the researcher include
the need to undertake extensive data collecti@ntithe-intensive nature of analyzing
both textual and numerical data, and more impdstattie need to be familiar with

both forms of research (Creswell, 2003). Perhaps ltiiter point deserves special
comment. Prior to undertaking this PhD study, ngeegch experience centred largely
on quantitative techniques. As a result, havingutalertake a study that has a
gualitative research element was, in the main, gehthallenge — a challenge that |
managed to meet through extensive reading, attgrebminars, and above all, as a

result of good guidance from my supervisor.

With the above challenges in mind, | structured #tudy into three phases, with each
phase coinciding approximately with how | soughswaers to address each of the
three major research questions ‘driving’ the stuelyase 1 concerns determining the
van Hiele levels of geometric thinking of the paifating learners. Phase 2 describes
the correlations between the van Hiele levels awctiiesement in ‘general
mathematics, and phase 3 examines instructionategies in the geometry
classroom. A more comprehensive description ofpti@ses is presented later in this
chapter. But first, the design of the study willdescribed.

Page 80



3.3 Design

The research design is that of a collective casgyqiStake, 2000), focusing on a total
of 144 mathematics learners drawn from two higlosthin Nigeria and South Africa
— one school from each country. The study was exdraut in the natural school
setting of the participants. Yin (2003, p.13) statieat a case study “is an empirical
inquiry that investigates a contemporary phenomenitinin its real-life context”. In
carrying out this study, | consulted the currentheenatics curricula for the learner-
participants in both countries in order to desigesjionnaires, worksheets, and tests
relevant to the learning experiences expected efléhrners. Stenhouse (as cited in
Hammersley & Gomm, 2000, p.2), argues the neeadse studies in education “as
concerned with the development and testing of cullar and pedagogical strategies”.

As a research approach, a case study typicallystigages the “particularity and

unigueness of a single case, coming to understendativity within important

circumstances” (Stake, 1995, p.xi). However, Steisko(as cited in Schéafer, 2003,
p.49) points out that in the case of “educatiorsdecstudies”, collective case study
(what he calls multi-sited case study) approach&sch as that employed in this study
— are increasingly being used. Using several dali@ation techniques, | interacted
with the research participants in their respectol@ssrooms and explored their

geometric understanding in relation to the van d¢lielels.

As Jackson (1995, p.17) observes, the interprajivalitative case study research
utilizes “a small number of participants” to enahle in-depth understanding of how
the participants experience and interpret theirldvorhus a relatively small sample
group of participants (24 learners from each oflgeal0, 11 and 12 in each country)

was involved in this investigation of van Hiele éév of geometric thinking.

3.3.1 Sample

The sample comprised a total of 144 Nigerian anatfSéfrican high school learners
with a mean age of 16.6 years. The ages of thesedes ranged from 13 to 22 years,
but with the majority, 85% of them, between thesagé 15 and 19. The wide age

range of the learners did not pose a problem withenstudy as the tasks given to
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them were, for the most part, grade-specific. WHeeeners from across all three
grades were required to perform a common tasksuirex that such a task was largely
age-independent (but, nevertheless suitable for saliiof grade mathematics

learners), as suggested by the van Hiele model.

Of the 144 learners, 72 were drawn from a Stateeawnigh school in Ojo Local

Education District (Ojo LED) in Lagos State, Nigeriand the other 72 from a
‘township’ high school in Makana Educational Distrin Eastern Cape Province,
South Africa. In each of these schools, 24 leareach from grades 10, 11 and 12
were selected for the study. The 24 learners frachegrade comprised 8 high
achievers, 8 average achievers and 8 low achi@verathematics. This was done to
ensure that the sample was not skewed towardsxtresree in terms of the cognitive

ability of the participants.

When this study commenced July, 2005, my initialnplvas to involve learners from
at least three high schools each in Nigeria anfdath Africa. My assumption was
that such a sample would be more constitutive aoemepresentative of the cultural
spectra of the Nigerian and South African educatiolandscapes. Doing this,

however, would have meant focusing on learners nriram a single grade (as is
often the case in educational research) acrossdeols. However, since this study
focuses on the entire senior stage of secondarya¢idn, and since it utilizes a case
study approach, as the study evolved, my desiredomprehensiveness (i.e. involving
learners from grades 10 through 12 in one study,far depth (i.e. in-depth analysis
of learners’ geometric understanding) overrodentsed for breadth. These criteria of
comprehensiveness and in-depth analysis made darabe involvement of only one

high school in Nigeria and one high school in ScAifica in this study.

Given this limitation, the choice of which schodts study was a critical factor.
Although geographical accessibility and proximfiynctionality, and sex composition
(i.e. whether it is a single-sex or a co-educalisohool) were some of the important

factors that influenced my choice of school, thanary criterion was their easy

3 use the phrase ‘senior grade learners’ to reféligerian Senior Secondary School (SS 1-3) learner
and South African learners at the Further Educatiuth Training (FET) phase.
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accessibility to the majority of Nigerian and Soufrican learners because of the

relatively low cost of attending them.

My choice of the senior grades came as a conseguanevo considerations. In the
first instance, these grade levels represent a lstenphase of secondary education in
both countries (FRN, NPE, 1998; South Africa, D@03). This research study,
therefore, presents a comprehensive and in-depth uf the entire senior stage of
secondary education of my sample in terms of geaenatderstanding. In the second
instance, grade 12 represents a major transitiont gbvom secondary to tertiary
education) in each educational system, and a pointhich the ‘fruits’ of secondary
education can be assessed (Neville, 1969). Theedradearners are in their final year
of secondary education and are thus ready for tsityeentrance examinations. This
study, therefore, is in a position to reveal theureand the quality of students
(cognitively speaking) who are accessing (or hogm@ccess) tertiary education in
Nigeria and South Africa. For the purpose of thiglg and for ease of reference, the
school involved in Nigeria is designated NS (i.@géfian School) and the one

involved in South Africa is designated SAS (i.eutAfrican School).

3.3.1.1 Description of Nigerian School (NS)

NS is a co-educational state secondary school god.&tate. It is a ‘day’ school. The
school has 4 buildings that barely accommodatee#@ming 2,100 learners in grades
10-12 (Nigerian SS 1-3, i.e. senior school 1-3yMie its large student population,
the school has only 4 qualified mathematics teachEne mathematics classes are
very large, with numbers in excess of 75 learngypically of many state schools in
Nigeria, the school buildings are not particulazblourful as nearly all are in a state
of disrepair — no window panes, broken ceilingg] Baking roofs. As with all state
schools in Lagos State, NS is a non-fee-payingdatetying on State subsidy for its
maintenance. Compared to many other state schodlagos State, NS is relatively
well resourced as it has a computer laboratory watér 20 functional computers, and

two separate science laboratories for chemistrypduysics practicals.

In common with virtually all state senior secondacools in Lagos State, NS houses

a junior secondary school (referred to as NS Junidinis study) on the same plot of
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land. NS Junior has an enrolment of over 1,200aiad grade 9 (Nigerian JSS 1-3,
i.e. Junior Secondary School 1-3) learners, accatated in two large buildings.
One of these buildings is a two-storey building ahd other a bungalow. Both
schools (NS and NS Junior) occupy a small plotaofilthat is less than 300 square
metres, without any fence separating them. Given gbpulation of over 3,300
learners relative to the size of the school comdouS (and NS Junior) is often
noisy with student chatter. It should, however,poénted out that although NS and
NS Junior share a common plot of land, they, likeeo high schools in Nigeria, are
functionally and administratively distinct, eachthvits own separate teaching and

administrative staff complements.

3.3.1.2 Description of South African School (SAS)

SAS is also a co-educational state ‘township’ sdaon school located in East
Grahamstown in the Makana Educational Districthe Eastern Cape Province. The
school has a total population of 1,200 learnergrades 8 through 12. It has 5
mathematics teachers, only two of whom are acaddiniand professionally

gualified. Like its Nigerian NS counterpart, SASsha@o boarding facilities, being a
‘day’ school. The school has a total of 4 blocksp tof which are one-storey
classroom blocks. The other two blocks are bungsl@mme being the administrative
building and the other a large hall that also heuse computer laboratory. The

computer laboratory has about 20 computers, bytamé of them is functional.

Although the average number of students (44) pathemaatics class is above the
recommended South African national average of @8estts per class, the situation in
SAS is more tolerable than that in NS where, orrages 75 students are found in
mathematics classes as against the recommendediadigeational average of 40
students per class. SAS is comparatively well nesmli— good-looking buildings;

good chalkboards; good science laboratories fofofgye chemistry and physics
practicals; water and electricity; and a spacialmsl compound. As with other state
‘township’ schools in the Eastern Cape, SAS is femn-paying, even though an
annual stipend of R100 (about 1,650 Nigerian Napa) student is levied to

supplement the state’s annual subvention to theasch
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Common to many other state ‘township’ secondarpsishin the Eastern Cape, SAS
is an amalgam of two phases of secondary educatitdme South African education
system. These are: (1) senior phase, i.e. gradw &r@mde 9 (Nigerian JSS 2 and 3),
and (2) Further education and Training (FET) phase grades 10-12 (Nigerian SS
1-3) — the phase involved in this study. UnlikéNigeria where NS and NS Junior are
separate schools, in South Africa, the senior &aedRET phases are within one and
the same school, being run by the same adminigtratid teaching staff. In SAS, the
students do not have permanent classes. Insteddgdach change-of-lesson time,
the students move from one class to the other wiher@ext lesson is to take place.
This movement tends to generate noise-making flferstudents. By contrast, in NS
students have their own permanent classes andahbdrs move to teach the students

during each change-of-lesson time.

3.3.2 Sampling Procedure

Sampling was carried out in two stages using difs#éh sampling technique. In the
first stage, all learners in each grade in eacloachere divided into three strata of
equal numbers of students based on their cogréiikties (high, average and low
achievers in mathematics). The mathematics teacheach grade were requested to
assist in this selection process. As mentionediezaithe schools involved were
selected on the basis of their educational acdégsibfunctionality, geographical
proximity and accessibility, and sex compositionlyoco-educational schools). The
first stage of the sampling procedure thus emplaygairposive sampling technique
in which the researchers “handpick the cases iaddeded in the sample on the basis
of their judgement of their typicality” and experae of the central phenomenon
being studied (Cohen et al., 2000, p.103; CreswaeD3).

The second stage employed the fishbowl simple nmandampling technique
(Omidiran & Sanni, 2001) to select 8 students freach stratum in each grade. The
choice of the stratified sampling technique stemrfiech the fact that my study is
both qualitative and quantitative. Cohen et al0O®®.101) point out that “a stratified
random sample is, therefore, a useful blend of samsation and categorisation,
thereby enabling both a quantitative and qualitatipiece of research to be

undertaken”.
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Six mathematics teachers (one from each gradecim gzhool) were also purposively
selected for the purposes of examining teachirajesires in geometry classrooms in
Nigeria and South Africa. The teachers were thaseolved with the learners
participating in the study. Once constituted, tame sample of learners and teachers

was involved throughout this study.

Not all the learners, however, took part in all (testing) activities in this study, as a
few of them were unavoidably absent from schoolsome of the test-taking days
even though these days had been collectively agrped beforehand. Although my
initial intention was to involve equal numbers oélm and female students, it turned
out that this was not feasible as participation waantary, and the sample was made
up of only those students who indicated a willirgg® participate in the study. In all,
39 male learners and 33 female learners partidpatéligeria, while 31 male and 41

female learners participated in South Africa. Tal8el through 3.6 show the age and

sex compositions of the learner-participants ingdhin this study.

Table 3. 1Frequency age distribution of sample per school

Age Number from NS Number from SAS
13 5 0
14 8 1
15 12 12
16 21 14
17 16 12
18 6 15
19 4 10
20 0 4
21 0 3
22 0 1

Total 72 72

Table 3. 2Grouped frequency age distribution of sample peoskt

Age Number from NS Number from SAS
13-14 13 1
15-19 59 63
20-22 0 8
Total 72 72
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Table 3. 3Frequency age distribution of sample per schooppade

NS Participants SAS Participants
Grade 10 11 12 Grade 10 11 12
Age Number Age Number
13 5 0 0 13 0 0 0
14 6 2 0 14 1 0 0
15 7 4 1 15 10 2 0
16 5 9 7 16 9 5 0
17 1 5 10 17 2 6 4
18 0 1 5 18 0 6 9
19 0 3 1 19 0 4 6
20 0 0 0 20 0 1 3
21 0 0 0 21 2 0 1
22 0 0 0 22 0 0 1
Total 24 24 24 Total 24 24 24
Table 3. 4Frequency distribution of NS participants by sex grade
Grade 10 11 12
Male | Female| Male Female | Male Female
Number| 14 10 10 14 15 9
Table 3. 5Frequency distribution of SAS participants by sek grade
Grade 10 11 12
Male | Female | Male Female | Male Female
Number| 14 10 5 19 12 12
Table 3. 6Mean age distribution of sample by sex per school
NS (Nigeria) SAS (South Africa)
Sex N Mean age Sex N Mean age
Male 39 15.6 Male 31 17.1
Female 33 16.3 Female | 41 17.6
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3.3.3 Personal Acquaintance and Research Ethics

As this study adopts an interpretive qualitativgprapch (see section 3.2, para. 2),
establishing a direct personal relationship wite tharticipating learners and their
mathematics teachers was an issue of paramountrtamge to the entire data
collection process. The names of the participatiegrners and those of their
mathematics teachers as well as the names of thieipating schools that appear in

this research report are all pseudonyms.

The process of negotiating access to the study sterted on June 15, 2006 when |
visited SAS with two letters: one from my supervjsahich introduced me to the
school principal and sought permission to allowdoeaesearch in his school, and the
other (written by myself) explaining my study analahl intended to carry it out with
minimal interference with the school time-tablegs&ppendices 1.A and 1.B). On
July 18, 2006, the principal granted my requestdaduct research in his school,
stating that he was interested in knowing the tesefl my study, since, according to
him, “your study promises to address a major probie my school”. The principal
then introduced me to Mr Andile, the grade 12 miatdcs teacher in SAS who,
incidentally, was a colleague with whom | had watkem 2005 in one of the
mathematics development programs in the communiteray my study was
conducted. This was an advantage as Mr Andile inmaelgt pledged his support and

commitment after | explained the purpose of my wtiadhim.

Mr Andile then organised a meeting in which he amd other mathematics teachers
— Mr John, the H.O.D. and grade 10 teacher, andSMaja, the grade 11 teacher —
deliberated on the role that each of them would/ piathe project. After their
meeting, they came up with a time-table detailiog/imy study should be conducted
in the school in order for it to be as unobtrusagepossible. It was then agreed that |
could start my fieldwork with SAS on August 14, BO®Having agreed on this date, |
then sought a way to meet with the learners. It lates suggested that teaching the
learners some concepts in mathematics would beetulugray of establishing a
cordial interpersonal relationship with them. Adatiagly, | delivered two separate
lessons (one on trigonometry and the other on gagn® the grade 11 and 12

learners. For the grade 10 learners, | held anmmdbmathematics quiz with them in
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which we interacted freely. The learners enjoyed¢hsessions so much that when the
sample for this study was to be constituted, alneesty one of them wanted to be
included. From the many learners who indicated rthailuntary agreement to
participate in the study, a sample of 24 learnemnfeach of grade 10, grade 11 and

grade 12 was selected, in the manner describezttios 3.3.2.

The potential value of the study was explainech® garticipants during these initial
contacts. For example, | informed the learners abow the questions in the research
instruments relate to the learning experiences @ggdeof them as prescribed by the
geometry curriculum. The participants were asswietheir right to confidentiality
and anonymity, and were also informed of their righwithdraw from the study at

any stage (Durrheim & Wassenaar, 1999).

Although | developed consent forms (see AppendR®, 1.5) so that the learners
could append their signature to indicate their mtdny agreement to participate in the
study (Cohen et al., 2000), | did not, however, tgetise them as the majority of the
learners, and even their teachers, did not seed fioe signing such forms. This, one
may argue, does not conform with accepted resesttibs, but | had to comply as
most of the learners were beginning to be suspsoaduny insistence on their signing
an agreement form for activities that were meanitrprove and benefit them. The
idea of sending consent forms (see Appendix 1.8),tp.the parents (or guardians) of
‘minors’ was turned down by the teachers, as adoegrdo them, it would raise

unnecessary suspicion from the parents. That rfedt@inding, Mr Andile agreed to
send written notes to the parents of the partizigakearners informing them why

their children might return home late from schoa§ all the activities (except

classroom videos) were to be done after ‘schooidiou

Negotiating access into NS in Nigeria followed thes process as described above,
but with less rigour. For example, | did not needt¢ach the learners in order to

familiarise myself with them as many of them alre&dew me.

| arrived in Nigeria on Friday, October 20, 2006dan October 25, 2006, | visited
the principal of NS. After explaining the purpodenty study to her, she immediately
assigned me to Mr Lawal, a grade 12 mathematichézaand asked him to assist me
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in conducting my research in her school. Mr Lawaswny classmate during my
master’s degree program, and as a result he wgswiing to help. He then called
two other mathematics teachers, Mr Adeleke (a gi&deacher) and Mr Balogun (a
grade 11 teacher) and | held a meeting with theettof them. At the end of the
meeting, they pledged their support and commitméltiereafter, Mr Lawal
assembled, by turn, the grade 10, grade 11 an@ dradearners in a large hall, and |
explained to them the aim of my study. The learwegse very eager to take part in
the study and at the end a sample of 24 learnergrade was constituted.

The three mathematics teachers met and drew upeatéible for my research in their
school. It was later agreed that | should commengestudy on November 6, 2006.
As with SAS, no consent forms were involved, bsues relating to the rights of the

participants were thoroughly explained..

3.3.4 The Structure

Consistent with the first characteristic of the \Hiele theory (see Chapter 2, section
2.8.3), this study adopts a rather tight but aébksslesign structure. The aim was to
reduce the problem of complexity inherent in a idutiensional approach to the data
collection process adopted, and hence to providenabling framework for collecting
and analyzing requisite data (Schafer, 2003). éndibsign of some of the instruments
for the study, however, a flexible approach waspéeld, so that any emerging process
could be captured. As stated in the last paragmiplection 3.2, this study is
structured into three interconnected phases. Eatlieqphases describes the research
instruments that were used to generate the dathvgmovided answers to each of the

three major research questions posed in the study.

3.3.4.1 Phase 1: Determining van Hiele Geometriovkts

This phase aims to establish the van Hiele levélggemmetric thinking of the
participating learners. Four different sets of teéghes consisting of both pen-and-
paper tests and hands-on activity tests were diwrd used in this phase to address
research question 1. Arksey and Knight (1999, prétpmmend the combination of

“different techniques to explore one set of redeaneestions”. The structure, contents

Page 90



and rationale for each of the four sets of teses katefly discussed below, while
details of their construction, administration, agihding are presented in sections
3.4.1.1 through 3.4.1.4.

3.34.1.1 Terminology in Plane Geometry Test (TPGT)

This test was presented in the form of a structaguesktionnaire which was issued to
the learners. The questionnaire explored learnarglerstanding of some key
technical terms frequently encountered in the teachkand learning of school
geometry. A structured questionnaire allows theaesher to seek answers from the
respondents within a given range of responses (Cehal., 2000). This means that
the respondents are constrained to select an amsweoup of answers “from a fixed

list of answers provided” (Kanjee, 1999, p.295).

The questionnaire consisted of a sixty-item mutiphoice objective test (Appendix
3.A, p.13).Each question was followed by a list of four opsiqor foils) from which

the learners were expected to choose the corresweasn Choppin (1988, p.354)
asserts that the objective test, as a means ofcdféztion in educational research, is
structured in such a way that “the testees musbs#heir answers from a specific
list of alternatives rather than creating them fbemselves”. Anderson (1990),
similarly states that distinct choices in a questaire eliminate possible ambiguity in
the responses of the research subjects and fexilitavery precise form of data

analysis.

For the TPGT, two conceptually identical but stawatly different sets of questions
were drawn up on each terminology. That is, fomgwiestion that was presented in
verbal form (i.e. without diagrams), there was aresponding visually presented
form of it (i.e. presented diagrammatically). Aletitems in the test were then juggled
such that each member of every homologous (i.enticld) pair of questions was
separated far away from the other. Hence, in ladl, TPGT consisted of 30 verbally
presented questions and a corresponding 30 vispedisented ones. The purpose of
the homologous pair of questions in this test wadetermine whether a student who
can give a correct verbal description of a geormeincept also has the correct visual

(or concept) image associated with the concept,vicel versa (see section 4.3.1 of
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Chapter 4). Questions 5 and 24, for example, gra@iraof homologous questions used
in the Terminology in Plane Geometry Test (TPGTHey are exemplified as follows:

Question 5 What is the name of the chord that passes throhghcentre of a
circle?

A. Atangent

B. Aradius

C. Anarc

D. A diameter

Its visual image homologous pair (or counterpatt) i

Question 24 In the diagram, O is the centre of the circle. Wihif the following is a
diameter?

o

A. AOB
B. DB
C. COD
D. OB

For the TPGT, a total of 30 terms pertaining toe¢hrdifferent but interrelated
concepts in plane geometry were examined. The pismitce which these terms relate
are: 1) circles; 2) triangles and quadrilateralsgl 8) angles and lines. Figure 3.1

represents the terminology examined.

Circle Triangles and quads. Lines and angles
Radius Equilateral triangle Acute angle
Chord Isosceles triangle Right angle
Diameter Scalene triangle Obtuse angle
Tangent Right-angled triangle Reflex angle
Arc Similar triangle Alternate angles
Sector Altitude of a triangle Vertically opp@siéngles
Cyclic quad. Area of a right-angled triangle Coempéntary angles
Concentric circles Number of sides in a triangle pi8ementary angles
Number of sides in a quad. Corresponding angles
Diagonals of a quad. Parallel lines
Lines of symmetry Perpendicular lines.

Figure 3. 1Concepts and their associated terminology in th@ TP
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Rationale for the TPGT: The rationale for the TPGT is the notion thatdstus’

acquisition of the correct terminology in schoologetry is important for their
success in the subject (see Chapter 2, sectior3.2).7.The test on geometric
terminology was largely aimed, therefore, at deteimg the relationship that might
exist between a student’s van Hiele geometric lewal his/her knowledge of basic

terms in geometry.

3.3.4.1.2 Geometric Items Sorting Test (GIST)

This test was a hands-on activity test that ma@eofiggeometric manipulatives. Van
Hiele (1999) suggests that giving learners ampleodpnity for playful exploration

of hands-on manipulatives provides teachers witthance to observe and assess
informally learners’ understanding of and thinkialgout geometric shapes and their
properties. Given that this study for the most paglores students’ understanding of
geometric concepts, the use of hands-on manipaktialows the learners to
demonstrate what they know and think about theseeqs. This is supported by
Kilpatrick’s (1978, p.191) assertion that “we ledy doing...and by thinking about

what we do”.

The manipulatives were in the form of picture (ogpty cards of triangles and
guadrilaterals (Appendix 4.B, p.48). The conceptisavere made from cardboard
cut-outs. Straightedges, protractors and a pascidsors were used for constructing
the cards so as to guarantee accurate side-arigteomeproperties of the various
shapes. In all, there were 30 concept cards ofglies and quadrilaterals numbered 1

to 30. There were 10 triangular cards and 20 cafrdarious quadrilaterals.

The GIST consisted of a set of structured taskgpéhpix 4.A, p.39) that required
individual learners to carry out various operatidieentifying, naming, classifying,
and defining) on the concept cards. The learner wequired to write down their
responses as they worked on the various tasks.qUiastions were structured in a
manner that made it possible to decode learnedenstanding of and thoughts about
the geometric concepts that were presented to tlmguestion paper for the GIST

consisted of five interrelated tasks. Task 1 inedlidentifying and naming shapes;
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Task 2 dealt with the sorting of shapes; Task Zeomed sorting by class inclusion of
shapes; Task 4 was on defining shapes; and Taskusdd on class inclusion of

shapes. Details of these tasks are presentedrdtes chapter.

The method adopted in the GIST has a wide accdjyaibi the field of mathematics
education among researchers seeking to understaildren’s thinking about
geometric concepts, and it has been used in manigrestudies (Mayberry, 1983;
Burger & Shaughnessy, 1986; Fuys & Liebov, 1997nie 2004; Feza & Webb,
2005). In most of these studies, interview schegud&uctured or unstructured, were
used to tease out students’ thought about geonezincepts while the students were
engaged in tasks involving the manipulatives (BugeShaughnessy, 1986; Renne,
2004; Feza & Webb, 2005). In this study, howevbg karners were required to
engage with the manipulative tasks, supplying emittesponses to the questionnaire,
before they were interviewed. In essence, thesvietwws became necessary only
during a preliminary on-site analysis of learneesponses (even though it was hoped
that the learners would be interviewed at someestagrder to clarify some of their
responses). The interviews were, therefore, parthef emerging processes in the

study.

Envisaging the difficulty that one might encounteran attempt to interview all 144
learners, | decided to involve only 36 learnersha Geometric ltems Sorting Test
(GIST). Selection of the learners involved was Hasea their performance in the
Terminology in Plane Geometry Test (TPGT). In eatkhe participating schools, 6
learners (2 high, 2 average and 2 low achievetisaiTPGT) were selected from each
of grades 10, 11 and 12. The purpose was to haubsample for the GIST that is

representative of the entire study sample.

Rationale for the GIST: The rationale for the GIST is based on the noti@t many
pen-and-paper tests do not necessarily reflectuadely the thinking processes that
elicit specific responses from research subje@s g&ction 3.1). Apart from allowing
the learners to articulate their thoughts in wgtithe GIST further affords the
learners the opportunity to verbalize their thosgtitrough interactions during the
interview sessions. These verbal responses weressa&y to enhance the insight

afforded by this study into how learners reasoruabanumber of common geometric
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concepts. The GIST further complements the VHGTe (section 3.3.4.1.4) in

providing information about learners’ knowledgesohool geometry.

3.3.4.1.3 Conjecturing in Plane Geometry Test (CPGT

The Conjecturing in Plane Geometry Test (CPGT) made of a constructivist

investigative approach (see Chapter 2, section4P.8 explore students’

understanding of the properties of simple geometnapes like circles, triangles, and
guadrilaterals (square, rectangle and rhombus)this approach, Borowski and
Borwein’s (1989) notion of geometry (see Chapters&stion 2.2) was employed:
learners were required to investigate (through gedoal construction) and discover
the properties of these shapes. Such investigatnondiscovery should lead them to
construct their own conjectures about the properted the shapes and the

relationships between these properties.

Worksheets in the form of a semi-structured quastire focusing on some grade-
specific tasks relating to the selected geomelrapss were developed for the CPGT.
The semi-structured questionnaire usually consistsseries of open-ended questions
to which participants are expected to respond (@o&eal., 2000). Because the
guestions are open-ended, the respondents areedllde some degree, to present

their answers in their own ways.

Three different sets of worksheets (one for eaclle)y were developed for the CPGT
(see Appendices 5.A.1-5.A.3). The idea was to deaigl administer questions that
were grade-specific, since the sample comprisethées drawn from across three
grades with their different and specific curriculacus. The students were expected to
follow step-by-step instructions on the workshett would lead them to discover
the properties of the selected geometric shapes. Worksheets were very well
received by the learners and the teachers. Thadesam the participating schools and
those in the schools where the instruments fordiuidy were piloted requested copies

for use in their geometry classroom instructioresdign and delivery.

Worksheet 1 This worksheet was designed for the grade 1é&rar The worksheet

was developed to explore students’ knowledge of side-angle properties of
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triangles, rectangles, squares and rhombusesqliiresl the students to discover,

through investigation, the side-angle properties tbése shapes and to state

conjectures about the relationships between thesgegies and between the shapes.

This worksheet consisted of 6 investigations:

» Investigation 1 was to lead the learners to forteutaconjecture thahe sum of
the (interior) angles of a triangle is 180

* Investigation 2 was to lead the learners to formeuka conjecture thahe base
angles of an isosceles triangle are equal

* Investigation 3 was to lead the learners to forteukn conjecture that all the
three sides of a triangle are equal, then all theee angles are equal (to one
another)That is,an equilateral triangle is equiangular.

* Investigation 4 was to lead the learners to forteula conjecture thaa
parallelogram which has equal diagonals is a recfien

* Investigation 5 was to lead the learners to forteula conjecture thaa
parallelogram which has equal diagonals that biseath other at right angles is
a square

* Investigation 6 was to lead the learners to forteula conjecture thaa
parallelogram which has unequal diagonals that bissach other at right angles

is a rhombus

Investigations 4 through 6 further required theareas to list as many properties of
these shapes as they possibly could, and to fotenaadefinition of each of the

shapes. Details of worksheet 1 are shown in Appebhdi.1, p.51.

Worksheet 2 This worksheet was developed for learners in gradél. The central
concept investigated was the similarity propertiédriangles. The worksheet was
designed for the learners to demonstrate theirmgtateding of:

1. The necessary and sufficient conditions (NASCOXar triangles to be similar;
2. Proportional division of the sides of a triangle;

3. Similarity of triangles by (corresponding) equagkes.

There were 6 investigations in this worksheet:
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* Investigation 1 was to guide the learners to foataultwo conjectures: af) two
triangles are similar, then their corresponding esdare proportionalp) if two
triangles are similar, then their corresponding #&® are equal From these
conjectures, the learners were required to dedbeenecessary and sufficient
conditions for two triangles to be similar.

* Investigation 2 was to guide the learners to foateula conjecture thdtt three
parallel lines are cut by a pair of transversalsen the corresponding intercepts
cut off on each are in the same ratio

* Investigation 3 was to guide the learners to foataula conjecture thdhe line
drawn parallel to one side of a triangle divideg tbther two sides proportionally

* Investigation 4 was to guide the learners to foataula conjecture thdhe line
that joins the midpoints of two sides of a triangeparallel to the third side and
equal to half of it

* Investigation 5 was to guide the learners to foatalla conjecture that the
corresponding angles of two triangles are equagntitheir corresponding sides
are proportional

* Investigation 6 was to guide the learners to foataula conjecture that the
corresponding sides of two triangles are proporéibrthen their corresponding

angles are equal

Worksheet 3 This worksheet was designed for the grade 12 éar and it explored
learners’ mathematical knowledge of circle geometrghe following areas:

1. Chord properties of a circle;

2. Arc-angle properties of a circle;

3. Tangent properties of a circle.

Originally, this worksheet contained 11 investigat. Only 10 of these, however,
were carried out and analyzed in this report as@ar was detected during the
fieldwork in the set of instructions for carryingitoinvestigation 11. The deletion of
investigation 11 has no effect on the results & thst since the investigations are
mutually exclusive. Investigations 1 through 4 were the chord properties of a
circle; investigations 5, 6, 7 and 8 focused ondtweangle properties of a circle; and
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the tangent properties of a circle were exploreshuestigations 9 and 10. These are

briefly explained as follows:

* Investigation 1 was to guide the learners to dgveloconjecture thathe line
drawn from the centre of a circle to the midpoifhtaochord is perpendicular to
the chord

* Investigation 2 was to guide the learners to dewveloconjecture thate line
drawn from the centre of a circle perpendiculaatchord bisects the chard

» Investigation 3 was to guide the learners to dgvalaonjecture thaqual chords
are equidistant from the centre of a circle

* Investigation 4 was to guide the learners to dgvalaonjecture thaqual chords
subtend equal angles at the centre of a circle

* Investigation 5 was to guide the learners to dgvelaconjecture thahe angle
which an arc of a circle subtends at the centrénige that which it subtends at
any point on the remaining circumference

» Investigation 6 was to guide the learners to dgvalaonjecture thahe angles in
the same segment of a circle are equal

* Investigation 7 was to guide the learners to dgvelaconjecture thahe angle
subtended by the diameter of a circle is a righglan

* Investigation 8 was to guide the learners to dgvel@onjecture thahe opposite
angles of a cyclic quadrilateral are supplementary

* Investigation 9 was to guide the learners to dgvel@onjecture that tangent to
a circle is perpendicular to the radius at the paah contact

» Investigation 10 was to guide the learners to dgvel conjecture thaangents to

a circle from the same external point are equdeimgth

Rationale for the CPGT: The rationale for the CPGT is the notion that mgkand
verifying conjectures is a valuable skill in matretios generally and geometry in
particular (Senk, 1989). Making simple inference®d adeductions, and stating
definitions, are mathematical abilities associatéth levels 3 and 4 reasoning in the
van Hiele hierarchy of levels of geometric concepaation (see Chapter 2, section
2.8). The main focus of the worksheets in the CRM&$ to explore students’ abilities
to formulate conjectures, draw simple inferenced atate definitions of simple

geometric shapes. The purpose of the CPGT, thexefeas for the most part to
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determine how students’ ability in these cognitigarning activities relates to their

van Hiele levels of geometric understanding.

3.34.1.4 Van Hiele Geometry Test (VHGT)

Following the development of the van Hiele theoifytlee levels of thought in
geometry, experts and professional bodies havee siieveloped achievement tests
that can be used to measure the attainment of dheHiele levels among school
children (Hoffer, 1983). One such test is the Ctigai Development and
Achievement in Secondary School Geometry (CDASS@)ch is widely used in the
U.S. (Usiskin, 1982). The VHGT was used to clas$fgrners in this study into

distinct van Hiele levels of geometric thought.

The van Hiele Geometry Test used in this studynisadapted version of the test
constructed by staff of the Cognitive Developmend &\chievement in Secondary
School Geometry (CDASSG), which was originally desid to determine the van

Hiele levels of American school children. Thesddrein were aged between 11 and
20 years “with 96% of the students being betweenate of 14 and 17" (Usiskin,

1982, p.16). The CDASSG test items “were basedimtidquotations from the van

Hieles’ writings and were piloted extensively” (81989, p.312). From quotes of
the van Hieles regarding what could reasonablyX¥pe&ed of student behaviours at
the various levels, questions were written by tlBASSG project personnel for each
level that would test students’ attainment of sipetvels (Usiskin, 1982).

The reason for adapting (rather than adoptingadBASSG test was that learners do
not think at the same van Hiele levels in all arsfageometry contents (Senk, 1989).
Therefore, van Hiele (1986) and Senk (1989) sugdkat studies that seek
understanding of the thinking processes that cheniae the van Hiele levels should
be content specific. This suggests that as the CIWASest was constructed,
presumably, in accord with the U.S. geometry cutdm, it made sense to adapt the
test questions in ways that reflect the Nigeriath South African geometry curricular
prescriptions. Nevertheless, 4 questions were adofpom the CDASSG test items
for the purpose of comparing the performance of Aca@ school children as

revealed in Usiskin (1982) with their African (Niige and South African) peers in
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those learning areas. The questions adopted wergtign numbers 8, 11, 12 and 17
of Part A (see below) of the VHGT. They appearedjasstion numbers 10, 15, 14
and 20, respectively, in Usiskin (1982).

The van Hiele Geometry Test (VHGT) (Appendices 6-/%.A.3) was made up of

two parts — Part A and part B. Part A was a mudtigthoice test, and it comprised 4
subtests of the van Hiele Geometry Test. Each subtmsisted of 5 items based on
one van Hiele level. That is, there were in allit2ins in Part A , with item numbers

1-5, 6-10, 11-15 and 16-20 testing learners’ aitauri of van Hiele levels 1, 2, 3

and 4, respectively. Learners’ attainment of |évelas not investigated in this study
for reasons explained in section 2.8.5 (paragraptend 5). Consistent with the

CDASSG test, the contents of subtests 1 throughede vargely the same for all

learners across grades 10 through 12. Item numb&rsl8 and 19 of subtest 4,
however, differ across the grades for the purpdsexamining some grade-specific
concepts. Figures 3.2 through 3.5 are sample ifeons subtests 1 through 4 of the
VHGT.

Question 1. Which of these are triangles?

b0

All are triangles
4 only

1 and 2 only

3 only

1 and 4 only

moowy

Figure 3. 2Sample item from level 1 subtest
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Question ¢ An equilateral triangle is a triangle with alkth
three sides equal in length. Two examples are dietow.

Which of (A) — (D) istrue 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 oppasiée s
perpendicularly.

All of (A) — (D) are true.

cowp

m

Figure 3. 3Sample item from level 2 subtest

Question 1.. What do all rectangle
have that some parallelograms do not
have?

1°2)

A. Opposite sides are parallel.

B. Diagonals are equal in length.

C. Opposite sides are equal in
length.

D. Opposite angles have equal
measure.

E. None of (A) — (D).

Figure 3. 4Sample item from level 3 subtest

Question 1% Examine these statements.

i). Two lines perpendicular to the same line analel.
ii). A line perpendicular to one of two parallehds is
perpendicular to the other.

iii). If two lines are equidistant, then they aallel.

In the figure below, it is given that lines S andake
perpendicular and lines T and P are perpendicular.

P

7

7

T

Which of the above statements could be the redsain |t
line S is parallel to line T?

A. (i) only

B. (i) only

C. (iii) only

D. Either (ii) or (iii)
E. Either (i) or (ii)

Figure 3. 5Sample item from level 4 subtest
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Part B of the van Hiele Geometry Test was an etssiyconsisting of 3 questions for
each grade level, where participants were expetdedrovide written responses.
Although the questions were grade-specific, thecstire was similar across all the
grades. Question 1 required the learners to catwamissing value in a given
geometrical shape; question 2 required the leatoefidl in statements or reasons in
an almost-completed geometrical proof; and quesiaras for the learners to write a

complete proof of a theorem in geometry.

These questions included some commonly found its tamd examination papers set
for these learners. Grade 10 questions were orsitteeangle relations of triangles

using knowledge of parallel lines. Grade 11 questiwere based on the proportion
and similarity properties of triangles, while cedeometry was the focus of the grade
12 questions. The focus of each of these questioingided with the respective areas
investigated using the CPGT (section 3.3.4.1.3)imMportant feature of question 1 in

each grade is that it has several solution strase@uestion 1 for grade 10 learners

and some of its solution strategies are exemplifideigures 3.6 and 3.7.

In the diagram, AECB and/ AD | =|CD|.BAE = 29 and ACD =53 . Find the value
of x. You are to show your workings, giving a reasandach step.

A = E
ey B
1st Method 2nd Method
BAE = B = 29 dit. Os, AE// CB) C=CAD =53 bases Of isosc.AADC)
C = CAD =52 (bases Of isosc.AADC) BAE = B = 29 4it. Os, AE// CB)
Now, é + é + CAB =180 (sum of s in ap) A|jC =X+ é =X+29 (ext.0of AABD)
i.e. 29 +53 +(x+53) =180 (same reason é = CAD =53 basells of isosc.AADC)
= x+135 =180 aflding g é + CAD + A|3C =180 (sum ofds inAADC)
U x=45 Slubtracting i.e. 53 +53 +(x+29) =180 (substitutior)
= x+135 =180 adding
0 x =4% (subtractit

Figure 3. 6Exemplifying various solution strategies to a tgenproblem
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3rd Method 4th Method
C=CAD =53 bases Of isosc.AADC) BAE = 29 aft. Os, AE// CB)
But, C +CAD = ADB fxt.Os of AADC) C +CAD + ADB =180 (sum offls inAADC)
ie. 53 +53 =106 = ADB (substitutio =53 +53 + ADC =180 ubstitutio)
Also, BAE = B = 29 @lt.Os, AE// CB) 0 ADC =74 s(ibstitutior)
O X+29 +106 =180  (sum ofds inAABD) Now, BAE = é =29 (lit. Os, AE// CB)
= x+135 =180 §dding But, X+ B = X+ 29 = ADC (ext.0l of 5ABD)
U x=45 Bubtracting = X+29 =74 s(ibstitutior)
0 x=4% Hubtracting

Figure 3. 7Exemplifying various solution strategies to a tgkmnproblem

During administration of the van Hiele Geometry fTGSHGT), the majority of the
grade 10 learners expressed considerable frustreggarding their ability to provide
an accurate answer to question 1 of Part B, desgitaccessibility via multi-path
approaches, as illustrated in Figures 3.6 and Briven largely by the curiosity to
know what level of questions these learners wepalda of answering and by the
need to sustain their interest in further actigitiie this study, | decided to draw up a
supplementary van Hiele Geometry Test (SVHGT) safter they were done with the
VHGT. There were only two questions in the SVHGTie&ion 1 required only one
line of reasoning, and question 2 required twodiné reasoning in determining the
value of a missing angle in a triangle. Figure 8t®ws questions 1 and 2 of the
SVHGT.

Question 1. Find the value ok in AABC | Question Z Find the value ofx in the
drawn below. Give a reason for each s diagram below. Give a reason for each sjep
in your answer. in your answer

yaN

B C

Figure 3. 8Supplementary van Hiele test for grade 10 learners

Rationale for the VHGT: The rationale for the VHGT is based on the notiloat
students’ understanding of geometry can be destribegely by their relative
positions in the van Hiele scale of geometric thigklevels. As with the CDASSG
van Hiele test (see Usiskin, 1982), the VHGT wasigled to determine the van

Hiele levels of the participating learners. Sinlgis test was the major instrument that
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was used to assign learners to various levels amegric thinking, students’
achievement in the VHGT was compared with theiregment in other aspects of
geometry (such as those for which the tests destrib sections 3.3.4.1.1 through
3.3.4.1.3 were used) so as to determine how aahients in those aspects are related
to students’ van Hiele levels. Part B of the VHGa@swdesigned further to explore the

problem-solving abilities of the learner-participgn

All the tests as described in sections 3.3.4.Irduthh 3.3.4.1.4 were administered in
each of the participating schools about two motiéfore the end of the academic
session. My belief was that by that time of theosdlyear, the learners would have
encountered a significant proportion of the leagrexperiences intended for them by
their respective mathematics curricula. Therefatedents’ performances in these
tests are to be interpreted as a true reflectionthef achieved aspects of the
mathematics curricula to which this cohort of leasmwas exposed. That is, students’

achievements in these tests reflected their genebitties in those learning areas.

3.3.4.2 Phase 2: Correlating van Hiele Levels witkhievement in Mathematics

Having assumed the claim that the van Hiele lewslgectly describe students’
geometric conceptualization (Usiskin, 1982; Hoffe983), it was my concern in this
phase to establish among other things whether stsidenathematical abilities in

general could be described in terms of these lexdisough van Hiele (1986) claims

that the levels indeed permeate many other aspsctmathematics other than
geometry, there appears to be a dearth of empeigdence in the literature making
this link explicit. The focus of this phase, themef, was to determine what
relationship might exist between the van Hiele Iewend the general mathematics

achievement of the learners in this study.

The technique used was to correlate the van Haslestores of the students with their
2006 end-of-year examination scores in mathematics. diteof-year examination
scores of the students were obtained from the \athecords of the participating
schools with the help of the teachers who alsoiqipated in this study. Students’
scores in the various tests (TPGT, GIST and CPGirgwalso correlated with the van

4 2006 was the year in which the learners wrotéH& T and other tests used in this study.
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Hiele test scores for the purpose of determiniegréfationship between the van Hiele
levels of geometric thinking of the learners anditthachievement in these other

aspects of geometry.

This phase was also concerned with the determmatiche relationship between a
student’s ability in verbal geometry terminologyska and his/her ability in visual
geometry terminology tasks. To do this, studentsras in all 30 verbally presented
items and all 30 visually presented items in th&sTRsee section 3.3.4.1.1) were
correlated. The visually rendered questions aren-enenbered and the verbally

presented questions odd-numbered.

In sum, Phase 2 of this study concerned for thet pag using the data obtained in
Phase 1 to determine the various relationshipsrthgit exist between the learners’
van Hiele levels and their understanding of geoynetr particular, and of

mathematics in general. All the correlations wesaealusing StatSoft (2007), version
8.0 of Statistical Data Analysis Software SystemDASS) at the Statistics

Department, Rhodes University.

3.3.4.3 Phase 3: Instructional Methods in Geome@iassrooms

Phase 1 of this study concerned the determinatidrow well students are learning
school geometry as revealed by learners’ van Halels. Phase 2 interrelated the
levels with students’ knowledge of other aspectsigh school geometry through
comparisons with students’ achievement (test sgareghose other learning areas.
These two phases had been the focus of many eaalieHiele researchers (see, for
example, Burger & Shaughnessy, 1986; Senk, 1988;dex Sandt & Niewoudt,
2003; Feza & Webb, 2005; Siyepu, 2005). As impdréemnit is to know students’ van
Hiele levels, determinations of these levels alisneén my view, not sufficient. Also
needed is information on the classroom processesteaching — that are contributing
to the production of the levels among the learn€hss is the concern of Phase 3 of
this study. Van Hiele himself emphasized the rdlénstruction in student learning
when he proposed, in his learning phases, a speséguence of instructional
activities that could increase students’ opportesitto learn in the geometry

classroom (see Chapter 2, section 2.8.2). The &iRhase 3 of this study, therefore,
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was to provide information on how geometry is taughNigerian and South African
high schools, and to elucidate what possible legrmpportunities the instructional
methods observed could offer learners in the stibjacterms of the van Hiele

learning phases.

In order to unpack the instructional strategieg@ometry classrooms in Nigeria and
South Africa that possibly contributed to studentah Hiele levels, | made use of
non-participant observational techniques by videioig classroom processes in six
geometry classrooms. A non-participant observeomting to LeCompte and

Preissle (1993), assumes a neutral unobtrusiveaiquosihile observing subjects as
they engage in their natural everyday activitiesc@dingly, a videotape was used to
record on-going instructional activities in threeogetry classrooms in Nigeria and

three geometry classrooms in South Africa.

The teachers whose classrooms were videotaped wWerse whose learners
participated in this study. In Nigeria, the clasgeleotaped were those of Mr Adeleke
(the grade 10 teacher), Mr Balogun (the grade adher) and Mr Lawal (the grade 12
teacher). In South Africa, the classes videotapedewhose of Mr John, Mr Shlaja

and Mr Andile, the grades 10, 11 and 12 teachespetctively.

Initially, | was hesitant to use video studies @ometry classroom instructions to
attempt to explain students’ achievement in gegmaitrd to extend insight into the
learning opportunities offered by the instructiomathods used. This was because
there are many other factors that influence learnima significant way, such as
students’ home and social life, resources availabléhe school, and the type of
community in which it is situated. Without minimigj the importance of these, there,
however, seems to be a consensus in the literéttate*much of what our society
expects children to learn, they learn at schoal,teaching is the activity most clearly

responsible for learning” (Stigler & Hiebert, 19993).

Another challenge that | grappled with was whetlhevas not too presumptuous to
describe observed instructional methods in geona#igsrooms in Nigeria and South
Africa as ‘typical pedagogical patterns’ in theseimtries on account of a video study

of only one school in each country. Stigler andbeit's (1999) TIMSS video study
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of instructional methods in mathematics classroomSermany, Japan and the U.S.,
however, gave me much encouragement. In their stodfy one eighth-grade

mathematics classroom was videotaped in each sauwwoss all the three countries
(though their study covered 100, 50 and 81 schimoSermany, Japan and the U.S.

respectively). The conclusion that Stigler and Idi¢lbeached was as follows:

As we looked again and again at the tapes we tetleeve were struck by the

homogeneity of teaching methods within each cultw@mpared with the

marked differences in methods across cultureggléstand Hiebert, 1999, p.x)
Given Stigler and Hiebert’'s assertions that therétie variation in teaching methods
within cultures, | felt that it was not necessawyobserve a large sample in order to
capture typical instructional patterns within atate. Indeed, the view that teaching is
culture-based is further supported by Cogan andn&tth(1999, p.69) when they coin
the phrase “characteristic pedagogical flow (CRB)tefer to the typical distinctive
patterns of instructional and learning activitieglent in each of the six countries that
they studied using classroom videos (France, Jayamyay, Spain, Switzerland and
the United States).

In this study, three geometry classrooms, as agaires in some studies (Stigler and
Hiebert, 1999), were videotaped in each school igeha and South Africa.
Therefore, what the study seemingly loses in breg@w schools) it gains in depth
(several classrooms in one school), which is typidainterpretive qualitative case
studies. Although it may be argued that the obskriestructional methods in
geometry classrooms described in this study are metessarily typical or
representative of geometry classroom instructiorNigeria and South Africa as a
whole, they, however, offer some insight into tlaed of instruction in geometry
classrooms in these countries. Resulting from diekcriptions and in-depth analyses
of the classrooms that were observed, insight walkb be gained into what

opportunity observed instructional methods holdtfar learners to learn geometry.

With the potential threats to the validity of thlihase of my study thus clarified and
addressed, the stage was set for the real tagkingwideos into information. Videos
by themselves do not contain meaning. It is th@amesibility of the researcher to

construct meaning out of videos. A common but wesgful process of constructing
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meaning out of classroom videos is for the researtthwatch the lesson videos again
and again, so that certain impressions or imageasawhing in each lesson begin to
stand out gradually (Stigler & Hiebert, 1999). Tihmges thus formed could be used
as a common language in terms of which other lessmuld be analyzed. But

constructing meaning from videos could be highligjsative, as the images produced

might well vary according to the individual’'s consttion.

| did not rely on the images alone. It could, ietfebe dangerous to try to construct
meaning from classroom videos by merely watchingnthwithout some frame of

reference — a kind of a system of code developierreirom the videos themselves or
from a theory on classroom instruction. The frarheeterence identifies features of
the events in a video objectively so that anyon® wiatches can agree. Distinct
elements in a frame of reference can be used totifpghe events on the video, so
that one can know how frequently different categ®mf activities occur in a lesson
(Stigler & Hiebert, 1999).

The frame of reference which gave rise to an objedalescription of the geometry
classroom processes videotaped in this study ichieeklist of the van Hiele phase
descriptors (see Chapter 2, section 2.8.4.1). Tegre® of conformity with or

deviation from the van Hiele model of the learniplgases as exemplified by the
checklist of the van Hiele phase descriptors wassefore, a measure of the learning
opportunities that observed instructional methodferothe learners in geometry
classrooms in Nigeria and South Africa. In sum, pinecess of turning videos into
information yielded two kinds of results: subjeetivnages of teaching in Nigeria and
South Africa, and objectively quantified data thatlicates the degree to which

observed teaching methods conform to the van Higlery on instruction.

3.4 Process

In sections 3.3.4.1.1 through 3.3.4.1.4, | havecidlesd the general structure and
contents of the various test instruments for datéection used in this study. This
section elaborates further on these tests and idescthe processes followed in

constructing and administering these tests asasgethe procedures for grading them.

Page 108



The analysis procedures and issues relating talitsaland reliability are discussed
towards the end of this section.

3.4.1 Collection of data

Data were collected mainly through the constructad administration of both pen-
and-paper and hands-on activity tests in geometg Eection 3.3.4.1). Information
on teaching methods was, however, gathered thrélughvideo study of on-going

instructional activities in geometry classroomse(section 3.3.4.3).

3.4.1.1 Construction, administration and gradind ©PGT

Test construction This 60-item multiple-choice test (see AppendiR,3p.13) was
constructed from scratch, but to a large extemvdar its structure and contents on
Usiskin’s (1982, p.161) “Entering Geometry Stud@&est”, and to a lesser extent on
the TIMSS 1995 test (see Brombacher, 2001 for th&SB test). In fact, item 19 of
this test was adopted from the 1995 TIMSS test @8vitem number O03), while
items 36 and 51 were adopted from Usiskin’s (1988) items (numbers 10 and 13,
respectively). These items were included in the TPi@ light of the reportedly poor
performance by comparable international studeotassto enable comparison of their
scores with those of the learners in this studpc&ithe TPGT examined students’
knowledge of basic terminology frequently encouadeim junior and high school
geometry, no question was asked that required éhenérs to calculate the areas
and/or perimeters of shapes (except item 51 in lwttie learners calculated the area

of a right-angled triangle).

Test administration: As with all tests used in this study, | persopatiministered
the TPGT with the assistance of the participateagchers. The test was meant to be
written by all the participating learners irrespeetof their grade levels. As with other
tests, the test was written after ‘school hoursultidle-choice answer sheets (see
Appendix 3.B, p.24) were acquired from the Acaded&velopment Centre (ADC)
of my university for the purpose of this test. Myperience from piloting this test
among 12 learners (from a school similar in terinsozial and cultural context to the

ones involved in this study) necessitated that inalestrate to the participating
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learners how to correctly shade their answers ennthltiple-choice answer sheets.
This precaution was necessary, since scoring afesiis’ responses was done by
computer. The pilot study further indicated tha thme allocation of 50 minutes was

sufficient for the learners to complete the test.

Test grading Scoring of students’ responses was done by stfathe Academic
Development Centre (ADC) of my university usinga8cTools for Window’, version
2.2. All the items in the TPGT carried 1 point eaklence, students’ scores ranged
from 0—60 marks. The percentage score was calcufateeach student and an item

analysis of students’ responses was done usingosttr Excel.

3.4.1.2 Construction, administration and gradind GIST

Test construction This hands-on activity test (see Appendix 4./8%).made use of

geometric manipulatives, and was constructed fromtsh by myself. Initially, the

set of manipulatives constructed and used by Feda\ebb (2005) were acquired on
request for adoption in this study. But, as theuaregl set of manipulatives included
many polygons other than triangles and quadril&getahad to construct my own set
of manipulatives. Feza and Webb’s manipulativesertbeless offered a useful
model. The contents and style of questioning inGh8T reflected for the most part
those of Mayberry (1983) and Burger and Shaughn@®86), both of whose studies

were underpinned by the van Hiele theory.

As stated in section 3.3.4.1.2, the manipulativ@ssisted of numbered concept cards
of triangles and quadrilaterals. The cards wereuatibf cardboard and numbered 1 to
30. Straightedges, protractors and a pair of sigse@re used for constructing the
cards so as to guarantee accurate side-angleorefatoperties of the various shapes.
The triangular shapes constructed included isoscetguilateral, scalene, right-angled
triangles, and several combinations of these (Sgeré 3.9). The quadrilaterals
constructed were squares, rectangles, rhombusesllepagrams, kites, and
trapeziums (see Figure 3.10). There were at least df each type of shape,
differentiated by varying the size, colour or otaion of the number written on the

card (see Appendix 4.B, p.48).
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10 Triangles

‘ 2 equilateral triangle‘s ‘ 5 Isosc triangles ‘ ‘ 3 scalene triangles ‘ ‘5 acute-angled triang\%s‘ 1 obtuse-angled mangl% ‘ 4 right-angled triangle%

| | ]

2 acute-angled triangles3 right-angled 2 acute 1 acutel obtuse-angled right-angled2 equi 2 isosc 1scalene 1 scalene 3isosc 1scalene

Figure 3. 9Number and composition of triangles used in theTGIS

20 Quadrilaterals ‘

13 parallelograms ‘ 5 trapeziums ‘ ‘ 2 ktes ‘

‘ 3 strictly parallelograms ‘ 7 rectangles ‘ 5 rhombuses

5 strictly rectangles 2 squares 3 strictly rhombuses 2 squares 3lsosc. trapeziums 2 right-trapeziums

Figure 3. 10Number and composition of quadrilaterals used enGhST

As stated in section 3.3.4.1.2, a questionnairesisting of five interrelated tasks was

developed for the GIST. These tasks are brieflyanpd below.

Task 1 Identifying and naming shapesThis task required the learners to identify
each shape by stating the correct name of the sh&aeh learner was requested to

justify his/her naming.

Task 2 Sorting of shapesThis task required the learners to sort all 3@p&s into
two groups — groups of triangles and quadrilateréle students were required to
state the criterion for their grouping and alsattte the general/common or collective

name of the shapes in either group.
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Task 3 Sorting by class inclusion of shape$his task required the learners to make
a further sorting of the shapes in either group smhaller subgroups of shapes that are
alike in some way. The learners were requestedtate s1ow the shapes in each
subgroup were alike. This task, therefore, expltinesextent of students’ knowledge

of the class inclusion of shapes.

Task 4 Defining shapeThis task required the learners either to statefmition of a
shape or to list the distinctive properties of apggh A sample question from this task
is as follows:
What would you tell someone to look for in order gick out all the
parallelograms from among these shapes
This question was repeated for rectangles, rhonshusquares, trapeziums and

isosceles triangles.

Task 5 Class inclusions of shapeStudents were required to state with justifiaatio
whether a shape belonged to a class of shapessantie more general properties. A

sample question from this task is as follows:
Is shape No. 23 a rectangle? How do you know?

Shape No. 23 was a concept card of a square. Siqukstions were asked for the

other shapes.

Test administration: This test was administered to only 36 learneee (section
3.3.4.1.2, para.5 for reasons and selection ait¢riDuring the testing time, each
student was given a questionnaire consisting & interrelated tasks. A pack of the
concept cards constructed for the GIST was alsengio each student. Straightedges
and protractors were provided to each student. Sthdents were then required to
work through all five tasks in the questionnairefiofving detailed instructions for
each task. The participating mathematics teachmasl avere frequently called upon
by the learners while they were working on the masi tasks to demonstrate how to

determine the size of an angle using a protractor.
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The pilot study indicated that 60 minutes was antiphe for this test, with a further 5
minutes set aside for interviewing each learneesehinterviews were unstructured as
the questions asked were based on the individ@ahde’'s written responses. For
example, a learner who had correctly named a sas@esquaré, but stated: it has

4 equal sidésas the only reason, would be asked whether @psk having 4 equal
sides were (necessarily) squares. These intervielged to clarify some of the

learners’ written responses.

Test grading The fact of subjectivity in the scoring of resgen to essay questions is
not unfamiliar to anyone in the education communbyfferent examiners often
arrive at different scores for the same studenpisocr an essay test (Choppin, 1988).
It was therefore imperative for me to develop aclenarking scheme’ or memo that
would enable me to assign marks to students’ resgowith a reasonable degree of
objectivity. Accordingly, | formulated a ‘markingcseme’ (see Appendix 4.C, p.49)
with some general criteria for grading the resperadfehe learners based on the work
of Senk (1985). In terms of these criteria, predeteed marks were assigned to
specific elements in students’ responses that atefle the correct answer. For
example, marks were awarded to the learners far thgponses to question 1 (Task
1) of the GIST as follows:

0 — Student does not name the shape at algroes the shape incorrectly.

1 - Student names the shape correctly, but giwesig/inadequate reason. For
example, the student names a ‘square’ correctly offars “all the sides are
equal as the only reason.

2 — Student names the shape correctly and geasons that are both correct and
adequate. For example, the student names a ‘squame’ctly and gives such
reasons as:t'is a parallelogram; all 4 sides are equal; it $id right angle’s
Or the student gives a correct definition of a sques the reason, e.gt is a
rectangle with all the 4 sides equal

3.4.1.3 Construction, administration and gradind GPGT

Construction: This grade-specific test was developed in thremksheets, one
worksheet for each grade (see section 3.3.4.118)oégh the test is originally mine,
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important ideas from the interview schedules of bayy (1983) and Burger and
Shaughnessy (1986), as well as from the work oé@&iy(2005), were incorporated
into its general format and method of questionihg. addition, the respective
geometry curricula of the learners greatly influmthdhe choice of shapes and the
properties that were investigated in this test. Td@ners were required to follow
detailed step-by-step instructions that would l&@& to discover the properties of

the selected geometric shapes and to formulatecmgs about the shapes.

Test administration: At the time of testing, each student was provideth a

worksheet and a set of mathematical instrumentsidimgy straightedges, protractors,
compasses, setsquares and dividers. The learnems expected to enter their
responses in spaces provided for that purpose enwttrksheets. Whenever the
learners encountered difficulties concerning thecedures detailed for constructing
any shape, the participating mathematics teachdra/ould explain the procedures to
them. In some instances, | had to demonstrategdetrners how to determine the
measure of an angle using a protractor. The timengior the completion of this test

was 90 minutes.

Test grading The CPGT was graded in a manner similar to théhateused for
grading the GIST, as described in section 3.4.TI& percentage score for each

student was calculated. See Appendix 5.B, gofthe ‘marking schemes’.

3.4.1.4 Construction, administration and gradind YHGT

Construction: This test was adapted from the CDASSG tests ugéddbiskin (1982).
Part A of the VHGT was designed to reflect the C[3&5van Hiele test, while Part B
was designed to reflect, to a lesser extent, theA€®5 proof-writing test (see
Usiskin, 1982). Hence, in general, the structure method of questioning adopted in
the VHGT are largely consistent with the CDASSG Yhele tests. The composition
of the VHGT was described in some detail in secBdh4.1.4. See Appendix 6.A.1—
3, pp. 84, 94 and 104 for the design and contdriteedVHGT.

Test administration: This test was meant to be written by all 144 neas who

participated in this study. However, 139 learnerste the test as 5 of them were
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absent from school on the day of testing. The kx@rprovided their answers to Part
A of the VHGT on multiple-choice answer sheets (8ppendix 6.B, p.114) which |
acquired from the Academic Development Centre (A@E)my university. The
learners were required to write their responsda B in the spaces provided in the
guestion booklet. Since both parts of the test wectuded in the same question
booklet, the learners were not expected to begihBPantil they had finished Part A..
Pilot testing indicated that Part A could be cortgadein 30 minutes, and Part B in 20
minutes. Therefore, a total of 50 minutes was adldvthe learners to complete the
VHGT.

Test grading (Part A): As with the TPGT, scoring of students’ responseshe
VHGT was done by staff of the ADC of my universitxsing ‘Scan Tools for
Window’ version 2.2. Two methods of grading wereedido assign marks to the

learners.

First grading method: Each correct response to the 20-item multiplegashtest was
assigned 1 point. Hence, each student’s score darigen 0-20 marks. The
percentage score was calculated for each studehtiaritem analysis of students’

responses was done using Microsoft Excel.

Second grading method The second method of grading the VHGT (Part Aswa
based on the “3 of 5 correct” success criteriorgested by Usiskin (1982, p.33). By
this criterion, if a student answered correctljeasst 3 out of the 5 items in any of the
4 subtests within the VHGT, the student was comedi¢o have mastered that level.
Using this grading system developed by Usiskin 2)9&e learners were assigned

weighted sum scores in the following manner:

1 point for meeting criterion on items 1-5 (Le%gl
2 points for meeting criterion on items 6—-10 (UeXe
4 points for meeting criterion on items 11-15 (&kES)

8 points for meeting criterion on items 16—-20 (&e4)

Thus, the maximum point obtainable by any studeagi#+ 2+ 4 +8 =15 points. The

method of calculating the weighted sum makes isjds for a person to determine
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upon which van Hiele levels the criterion has beet from the weighted sum alone.
For example, a score of 11 indicates that the éxamet the criterion at levels 1, 2 and
4 (i.el+2+8=11). The second grading system served the purposssining the
learners into various van Hiele levels based orr ttesponses. Working with the
modifie van Hiele levels, the weighted sums and their esponding van Hiele

levels are as shown in Table 3.7.

Table 3. 7Modified van Hiele levels and their weighted sums

Levels Corresponding weighted sum
0 0
1 1
2 3
3 7
4 15

Test grading (Part B). The general criteria for grading Part B of the GHwere

adapted from Senk’s (1985) proof-writing gradinpesme which is described above,
in section 3.4.1.2. Each of the 3 items was assigheoints. Thus, students’ scores
ranged between 0 and 12 marks. The percentage seasecalculated for each

student.

3.4.2 Analysis

Qualitative researchers study meaning. The qualftyresearch into meanings and interpretative
processes can not be assured simply through foilpwiorrect procedures. Interpretations and
meanings are situated...The quality of ...data analglpends on following well-thought-out
procedures, and on ensuring that these procedevealrthe structures of understanding of partidigpan
Ezzy (2002, p.81)

® Modified theory (as against the classical theagfrs to the van Hiele theory with level 5 deleted
(see Usiskin, 1982, p.42). Whether one uses thesickl theory or the modified theory, the assigning
of levels requires that the student at levalatisfies the classification criterion not onlyletel n, but
also at all levels precedimg This study focuses only on the first 4 van Hieleels. The modified van
Hiele levels referred to in this study, howevemplgmnly to the extent that they are consistenhwlie
requirement for the assigning of levels just désatiabove, and not in the sense of deleting yehano
level (in this case, level 4) from the van Hieledly. Hence, the modified levels are used in tmsease
of the classical theory.
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I can identify with the point made in the above @tion as it implies that the process
of data analysis can be both innovative and unidime quotation further suggests
that the process of data analysis followed by @searcher should be the one that best
elicits participants’ understanding of the concepphenomenon studied, rather than
one adopted simply because it is in some sensgiaccas standard. This does not,
however, mean that data analysis should be unsgsiter®f course, issues relating to
“validity and reliability checks cannot [ordinarjlyoe ignored” (Schéfer, 2003, 66).
Hence, Berg (2004, p.266) states that a reseawdttean interpretive bent is likely to
start the data analysis process by organizing duaiag the data into categories that
“uncover patterns of human activity, action, andameg”’. Ezzy (2002, p.83)
similarly expresses the view that content analpsigins with predefined categories
developed through logical deductions from a prestaxj theory, and that “this way
the pre-existing theory is tested against empirizal”. Accordingly, the theory that
shapes my study is the van Hiele theory (alreagylieated in Chapter 2), and the
categories into which “human activity, action anéaning” (in this case, learners’
demonstrated conceptual understanding of geomatey)sorted are the van Hiele

levels.

As stated in section 3.2, this study is locatethi interpretive paradigm. The view
has been expressed that in an interpretive sttidy,difficult to clearly separate the

stage at which data is collected from the one athvHata is analysed (Terre Blanche
& Kelly, 1999). This view resonated with my study the data analysis procedure
oscillated between the stage at which data wasaelll and the stage at which an in-
depth data analysis was necessitated. For exampigiminary analysis of

participants’ achievement scores on TPGT inforninedchoice of the 36 learners who
partook in the GIST (see section 3.3.4.1.2). Evegem support of this process
(preliminary data analysis) can be found in EzzQ0@2, p.63), who states that “data
gathered early in a research project guide bothfdhmulation of concepts and the
sampling process” — a point corroborated by Cowdniml Strauss (1990, p.6) who
suggest that “in order not to miss anything thatyrba salient [to the study], the

investigator must analyse the first bits of datadoes”. Seidman (1991), however,
suggests that any in-depth analysis should be adaidtil the data collection process

is completed.

Page 117



Despite the many instruments used for data cotlecthe desire to keep a close focus
on the data and the findings has meant that the alaalysis, results and discussion
are in this study all organized into a single psscelhat is, for each set of data, the
analysis, results and discussion are presentedugemtly in the same chapter (see
Chapters 4 through to 9).

3.4.2.1 Quantitative analysis

It was stated in section 3.3.4.1 that Phase 1liefdtudy aims to determine the van
Hiele geometric thinking levels of the participafitearners. Consistent with the
practice and results of many earlier van Hiele aed®ers (e.g. Usiskin, 1982;
Mayberry, 1983; Senk, 1989), this phase generatadlynquantitative numerical data
in the form of the test and examination scoresheflearner-participants. Therefore,
the use of statistical procedures for data analysis considered appropriate to this
study. Durrheim (1999b, p.96) asserts that “siatisjpprocedures are used to analyse
quantitative data”. Basically, statistical analysiseducational research is of two
types: descriptive data analysis and inferentiala danalysis (Daramola, 1998;
Durrheim, 1999b). Descriptive analysis seeks tcanige and describe the data by
investigating how the scores are distributed orheaanstruct, and by determining
whether the scores on different constructs aree@lm each other (Durrheim, 1999b).
It does not allow the researcher to extend conghssibeyond the sample data.
Inferential data analysis, by contrast, allows tkeearcher to extend knowledge

obtained from a sample data to the whole population

Given that this study is a case study (see se&i®)y | employed largely descriptive
data analysis in my attempt to understand, intérpnel describe the experiences of
the research participants in terms of their levdlgieometric conceptualization. In
specific terms, various descriptive statistics sashfrequency distribution, charts,
measures of central tendency, and correlation cosfts were used to analyse,
describe and compare separate sets of quantitdsitee in this study. For example,
although the rationale for the TPGT was basicallylétermine the relationship that
might exist between a student’s van Hiele geomd¢nel and his/her knowledge of
common geometric terminology (see section 3.3.4.1lrhany other analytic

computations (such as frequency distribution aadnkers’ mean scores) were carried
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out so as to determine how the scores are distiibatcording to the major categories

of terminology relating to circle, triangles andaglilaterals, and lines and angles.

Correlation coefficients were calculated in ordedetermine the relationships among
different constructs in this study. For examples tielationship between students’
knowledge of common geometric terminology and then \Hiele levels was
determined through correlational formula. Accorditm Durrheim (1999b), the
correlation coefficient is a more exact way of esganting relationships between
constructs. The Pearson’s product-moment correlatvveas used for all the
correlational computations in this study. The clatien between a student’'s van
Hiele level of geometric thinking and his/her ac@iment in ‘general’ mathematics,
for example, was determined using the Pearson’dlystemoment correlation
formula. Durrheim (1999b) asserts that the Peasspmduct-moment correlation is

the most commonly used of the correlation coeffitse

3.4.2.2 Qualitative analysis

Cohen et al. (2000, p.282) state that “in qualitatiata the data analysis [process] is
almost inevitably interpretive”. The video datarfrahis study yielded categories of
instructional process collectively referred to @asages of teaching. “Images of
teaching” is a phrase coined by Stigler and Hield@A99, p.25) to describe
gualitatively mathematics classroom teaching preegsn Germany, Japan and the
U.S. As used in this study, the phrase refers tdescription that captures the
dominant and distinctive activity in geometry classn instructional processes in the

participating schools.

It was stated in the last paragraph of sectiomd33hat the process of turning videos
into information yielded two kinds of results: sebjive images of teaching and
objectively quantified data based on the van Hlelning phases descriptors that
indicates the degree to which observed teachindgadst conform with (or deviate

from) the van Hiele theory on instruction. The ospicof images of teaching served
the important purpose of extending our knowledgeualthe nature of instruction in

geometry classrooms in Nigeria and South Africadpely the understanding that
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observed instructional patterns did (or did notyfoom with the van Hiele model of

instruction.

Developing images of teaching from the video stoflglassroom processes was an
iterative process that involved watching the vid@etd classes again and again, with
my trying on each occasion to make more sense @ive at deeper interpretations of
the teaching activities. Terre Blanche and Kell99Q, p.139) opine that “a key
principle of interpretive analysis is to stay cldsethe data, to interpret it from a
position of empathic understanding”. After ‘stayinipse’ to the classroom videos,
questions about themes like concept developmergssote coherence, making
connections within the lesson, and the type of tgisken by the teacher began to
emerge as | watched the videos repeatedly. Bulvassremarked in section 3.3.4.3,
constructing meaning out of videos can be highlyjetive. In order to reduce this
subjectivity, | did not rely upon my judgment alobat invited an additional three
independent observers to join me in a consultatmeel. Two of these people were
colleagues in the final stages of their PhD staahgl the third was my supervisor, who
had a wealth of experience in video study of cla@msr processes. Each of the
observers watched the videos individually and wrate outline of the images of
teaching observed in each lesson studied. The isnafjéeaching described in this
study are the outcome of the consensus reachedhdyconsultative panel of
observers. Concerning objectively quantified datch observer was guided by the
checklist of van Hiele phase descriptors (see @nahtsection 2.8.4.1). In applying
the checklist to the lessons, each observer firstena definition of what “counts as”
evidence of each criterion on the checklist. Thegb@f observers then met and after
careful deliberation adopted a definition for eawhierion on the checklist. These

definitions are stated in section 9.2 of Chapter 9.

Classroom videos were not the only data that ldr@mselves to qualitative
interpretive analysis in this study. As a way dkgrating both aspeétsf my study, |
looked beyond students’ achievement scores in #mows tests. | tried to give

qualitative descriptions of these scores by lookihgsely at how the scores are

® It was stated in section (3.1, para. 2) that theme two aspects to this study: The first aspect
concerned students’ levels of geometric understapdihile the second aspect dealt with geometry
classroom instructional practices.
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distributed among the major concepts embodying tdet items. In particular,

qualitative analyses were applied to learners’ temitresponses to the hands-on
activity test (i.e. GIST) and Part B of the VHGThd purpose was to attempt to
isolate elements in learners’ response patternsdald possibly be explained or

described in terms of the type of instruction tifety had received.

3.4.2.3 Integration of qualitative and quantitagvdata

Creswell (2003) suggests that integration of twuetyof data might occur at several
stages in the research process. It could occumgludata collection, analysis,

interpretation, or in some combination of thesayasa In this study, integration of

qualitative and quantitative data occurred largelyhe interpretation stage and to a
lesser extent at the data collection stage. Fampi& during the data collection stage,
open-ended questions (e.g. GIST) were combined elitbed-ended questions (e.g.
TPGT). Both data sets were aimed at achieving éineesgoal — an understanding of
students’ geometric thinking levels. Creswell (2DB8lieves that ‘mixing’ the data at

the collection stage enables the researcher tegathicher and more comprehensive
data set, making possible more detailed descriimha deeper understanding of the

phenomenon being studied.

Integration at the interpretation stage involvetgiipreting qualitative and quantitative
data separately. Attempt was then made to ‘see’ temwo data sets converge or
diverge in terms of the construct both sought tscdee. For example, learners’
geometric understandings were interpreted in tesitheir numerical achievement
scores in the closed-ended questions (TPGT, VHGT)ia terms of their response
patterns in the open-ended questions (GIST, CP@ETPant B of VHGT).

As was stated in the last section, an attempt vss made to interpret students’
response patterns in relation to the type of otesarinstruction they had received.
Creswell (2003) and Brannen (2004) suggest thatitgtiee and quantitative data

may be combined and interpreted to corroboratessevalidate or complement results
from either data source. In this study, qualitatwel quantitative data were combined

to achieve a combination of these elements. Fomelg the images of teaching in
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geometry classrooms served both to cross-validatg @mplement objectively

quantified data from the classroom video studies.

3.4.3 Validity

My answer to whether qualitative and quantitativetimds require different approaches to validitgt is
clear “no”.
Tschudi (1989, p.130)

The above quotation reflects a general orientatiothe literature on the issue of
validity, which is that different research traditgohold different positions on how to
ensure validity in the research process. Traditipnghe notion of validity “[has]
been based on positivist standards of objectivity meutrality” (Southwood, as cited
in Schafer, 2003, p.69). In this tradition, theuissof validity has hinged on an
emphasis on the appropriate use of data to cormhatiysis, test hypothesis, make
inferences and draw generalizable conclusions (8ch2003). Typically, the concept
of validity in the qualitative-interpretive resehrdradition concerns issues about
procedures for establishing the trustworthinessarttienticity of a piece of research
(Lincoln & Guba, 1985). It is around this issueugtworthiness) that the debate on
paradigmatic preference — qualitative or quantitat: as a research approach appears
to be fiercest (Lincoln & Guba, 2000). Schéafer 200.70), following Lincoln and
Guba (1985, p.289) and Kvale (1989, p.73), stdias & body of “critical literature
[exists] that questions qualitative methodologiesl accuses them as being ‘soft’
[Kvale uses ‘unreliable’] options in terms of thaialidity processes and lack of
generalizabilty”. On the other hand, much has beeitten in defence of the
qualitative approach, arguing for its status asostmpreferred method of inquiry
(Lincoln & Guba, 1985; Tschudi, 1989; Lincoln & Gal000). Given the integrative
approach adopted in my study, | consider it morefulsto explicate the validity
measures taken in the study rather than to engagkis methodological warfare.
What is important, according to Tschudi (1989, P)10s that “whether research is
carried out under (predominantly) qualitative oranqtitative ‘tribal banners’,

interpretations and conclusions must be justified”.

In its broadest sense, validity refers to the exterwhich the “research conclusions

are authentic” (Durrheim & Wassenaar, 1999, p.6tl)s a demonstration that a
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particular research instrument in fact measured wipairports to measure (Durrheim,
1999a). Validity is a measure “of the extent to ethresearch conclusions effectively
represent empirical reality and ... [of] whether domsts devised by researchers
accurately represent or measure categories of huexperience” (LeCompte &

Preissle, 1993, p.323). The validity measures takethis study are based on these

conceptions of the notion of validity, and are dsged in the next section.

3.4.3.1 Ensuring validity in my study

To validate my measurement instruments, | consullbed geometry curriculum as
well as the textbooks for the learner-participamtse purpose was to gain insight into
what the learners were expected to learn so thaduld develop my instruments
accordingly. As stated in section 3.1, para.2, ritein focus of this study was to
explore and explicate the van Hiele levels of gemimenderstanding of the learners.
Thus, only questions on students’ understandingyedmetry were asked. Zeller
(1988, p.324) states that establishaomtent validity‘involves specifying the domain

of content for the concept and selecting indicahist represent that domain of
content”. After constructing the test items, | agited two experts — one in geometry
and the other (my supervisor) in geometry educatitm crosscheck them. (Durrheim
[1999a] suggests that the researcher approachsoitnéhe academic community to

check the appropriateness of his or her measuretoeist)

To further ensure that the contents chosen wetdmiihe prescribed domain of study
for the learners concerned, | administered a tegaghestionnaire (see Appendix 2,
p.11) which gave the teachers the chance to cresk@nd contribute to the geometry
content areas that were tested in this study. Tesponses indicated that the contents
examined in this study reflected the prescribednggoy contents for the learners.

Piloting the test instruments also helped to refimem.

While drawing up the test items, | constantly refdrto the van Hiele (1986) readings
as a workable guide. The models of the van Hialelsedeveloped by Hoffer (1981),
Usiskin (1982), Mayberry (1983), Burger and Shawgsy (1986) and Senk (1989)
all guided the design of my questions. In particuldsiskin’s (1982) CDASSG tests
were adapted for the VHGT used in this study. Taiter concern for validity is what
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Durrheim (1999a, p.87) caltonstruct validityand interprets as “the extent to which a
measure of a construct is empirically related tbeotmeasures with which it is

theoretically associated”.

Since research interpretation and conclusions dhatbuilt upontriangulation (i.e.
evidence from several sources) are claimed to twngtr and more believable (or
simply, more valid) than those that rest primacdilythe narrow framework of a single
method (Denzin, 1988), | strengthened the resultdis study by using data from
different sources. The hands-on activity test ahd tmany pen-and-paper tests
described in sections (3.3.4.1.1 through 3.3.4.djevdifferent methods of gathering
data that helped to explain students’ van Hielellewf geometric understanding. This
is what Cohen et al. (2000) refer torasthodological triangulatiomnd explain as a
researcher’s use of different methods to gathea dbbut the same object of a study

to ensure validity.

After all the tests had been written and the gradiad been completed, | returned to
the schools (as | had earlier been asked to dmtiythe teachers and the learners) to
show the participating learners their scores in vheous tests. | did not stop at
showing them their scores, but also discusseddhgiegns to some of the tests with
them. By engaging in this activity, | was makingesuhat the learners (and their
teachers too) were persuaded that the scores adsigrthem accurately represented
their abilities in these learning areas. The preagsvalidity just described is what
Lincoln and Guba (1985, p.314) refer tormaember checkinga process that has the
advantage of “put[ting] the respondent on recorchaging said [or done] certain

things and having agreed to the correctness dhtlestigator’s records of them”.

The process of turning classroom videos into infmion involving a consultative
panel of four independent observers (as describeskction 3.4.2.2) was a validity
measure in my treatment of classroom instructigorattices. As a further validity
measure, to ensure that the teachers did not grepapecial stand-alone lesson for
the classroom videos, | requested them to makédad@ito me copies of the previous
and next day’s lessons and checked that the vigedtkessons fitted into an on-going
sequence. It was not a surprise that the tapedrsdgted into an on-going sequence

of lessons as | had earlier on obtained from thehers a time-table indicating when
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the geometry aspects of the curriculum would bghaun each of the participating
schools.

3.4.4 Reliability

Since there can be no validity without reliabiliignd thus no credibility without dependability [in
qualitative parlance]), a demonstration of the ferns sufficient to establish the latter.
Lincoln and Guba (1985, p.316)

The above excerpt suggests that many of the walidéasures taken in a qualitative
study implicitly guarantee the reliability/dependiy of the research. Lewis’ (1967,
p.190) assertion that “a test cannot have a hidgdisyawithout a corresponding high
reliability [or that] a high reliability is not intself a guarantee of high validity”
corroborates Lincoln and Guba’s claim. Accordindhaving discussed some of the
validity/credibility measures taken in this studythe preceding section, my concern
in this section is to focus on some of the moreveational indexes or measures of

reliability employed in this study.

Conventionally, reliability refers to the extentwich a measurement instrument (a
guestionnaire, a test) yields the same resultsemeated applications (Durrheim,

1999a). It means the degree of dependability oeasurement instrument.

3.4.4.1 Ensuring reliability in my study

There are many different ways of determining thdéabdity of a measuring
instrument in educational research. These incladeretest reliability, parallel forms,
the split-half method, and internal consistencyr(beim, 1999a).

In this study, the split-half method was used te®aththe reliability of the test
instruments, because it is a “more efficient waytasdting reliability” and it is less
time consuming (Durrheim, 1999a, p.90). The spif-hmethod requires the
construction of a single test consisting of a numifeitems. These items are then
divided (or split) into two parallel halves (usyalmaking use of the even-odd item
criterion). Students’ scores from these halveslaa correlated using the Spearman-

Brown formula. The value of the reliability coefat ranges between -1 and 1.
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All the tests used in this study were piloted amsthglents from schools of socio-
cultural contexts equivalent to those involved hie study. Initially, my aim was to
determine and report the reliability coefficientsadl four test instruments (TPGT,
GIST, CPGT and VHGT) used in this study. Howevare do certain constraints,
which I will return to presently, the reliabilityoefficients of only two of the tests
(that of TPGT and VHGT) were determined and rembrf€he Spearman-Brown
reliability coefficient (r) calculated for the TPGand VHGT werer = 087
andr = 025, respectively. The comparatively low reliabilitgefficient calculated for
the VHGT is a result of the fewness of the numbetemns in the test. Usiskin (1982)
similarly obtains a low reliability coefficient fothe van Hiele geometry test and
suggests that increasing the number of items itetstewould improve the reliability —
a suggestion that this study could not accommodt@isause of the many other

instruments being used.

The reliability coefficients of the GIST and CPGEm not determined in this study
as a result of the following constraints inherenthe tests: First, these were essay
tests with very few items, which made it problemadt split them into two halves in
order to employ the split-half method. Second, ethenoption of using the test-retest
method was constrained by time as it was diffidoltassemble the same set of
students for retesting. Despite these constraimésmethods of validity explicated in

section 3.4.3.1 confer reliability on these testrimments.

3.5  Chapter conclusion

The intention of this chapter has been to descititeeresearch methodology. The
methodology was articulated in terms of the redear@éntation, design and process.
It was explained that the study is oriented largelthin the interpretive research
paradigm and employs both qualitative and quantéamnethods of data collection

and analysis. The design of the study is a colleatase study focusing on a total of
144 mathematics learners drawn from two high schooNigeria and South Africa.

The overall sample and the sampling procedures vdescribed alongside the

research ethics. The research process was explieate a focus on procedures for
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data collection, analysis and validity measure® data gathering tools included both
traditional pen-and-paper tests and hands-on gctests, as well as video recordings
of geometry classroom instructional processesessoncerning the reliability of the

research instruments were discussed.
The results of this study, together with their gs@ and discussion, constitute the

focus of each of Chapters 4 through 9. In the araftat follows, the analysis of
learners’ performance on the TPGT is presentedtamdesults are discussed.
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CHAPTER FOUR

DATA ANALYSIS, RESULTS AND DISCUSSIONT 1: THE TPGT

4.1 Introduction

The main focus of this study was to determine tha tiele levels of geometric
understanding of the participating learners andeiglicate such instructional
practices as may have contributed to these leviefgometric conceptualization. In
pursuance of this broad goal, the study adoptediliidimensional approach to the
data collection process which was explained in @ra® In order to achieve depth in
data analysis and yet maintain coherence in ireéing the results, an organized and
systematic process of data analysis was undertakesordingly, separate chapters
are devoted to the simultaneous analysis, resoadtslescussion of each set of data that
contributed to our understanding of students’ gagam&nowledge in the overall data
analysis process. Chapter 8 integrates and symdsethe different results from this
study by correlating learners’ scores in the otiests (the TPGT, GIST and CPGT)
and their scores in their school examination infreatatics (SEM) with their scores in
the VHGT. In Chapter 9, an attempt is made to eclaarners’ van Hiele levels to
their geometry instructional experiences by anatysind discussing the data from the
classroom videotaped lessons. In this particulaptdr, the data from the TPGT

(Terminology in Plane Geometry Test) are analysetithe results interpreted.

The first part of this chapter provides informaticon participant students’
understanding of basic geometric terminology thtodlge analysis of their mean
scores in the TPGT. The next part provides inforomabn students’ knowledge of
common geometric terminology through analyses atetation coefficients. The

third part focuses on analyses of students’ mearesdn the TPGT according to the
three major concepts on which these terminologiesevdrawn up (see Chapter 3,
section 3.3.4.1.1). The last part of this chaptesentsother resultsthat allowed for

comparison of participants’ knowledge of geomett@minology pertaining to
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selected items from the TPGT with their internadiopeers (see Chapter Three,
section 3.4.1.1).

4.2 Students’ Knowledge of Geometric Terminology

Information about students’ knowledge of basic gewit terminology is provided by
an in-depth analysis and interpretation of paréioig’ performance in the TPGT used
in this study.

4.2.1 Overall participants’ performance in the TPGT

Students’ general performance in the TPGT was destrin terms of the overall
participants’ percentage mean score obtained is thst. Table 4.1 summarizes
participants’ performance in the TPGT.

Table 4. 1Percentage mean score of all participants in th@TTP

School| N Mean score | Std Dev. Min score Max scoreg

NS 69 40.49 16.78 17 90

SAS 72 47.85 13.82 27 87

As evident from Table 4.1, the percentage averageebtained by learners from the
NS (Nigerian subsample) in the TPGT was 40.49%that of the learners from the
SAS (South African subsample) was 47.85%. Givenir thespective standard

deviations as indicated in the Table, one may duesivhether these averages
adequately represent the individual ability of terticipating learners. In order to
clarify this later concern, the convention in ediazal measurement and statistics is
to determine whether or not the set of studentshareogeneous in relation to their
scores on the TPGT (Daramola, 1998). To estabh&) the tradition has been to
obtain a range denoted By within a closed interval given bgnean — standard

deviation< R < mean + standard deviatigrsuch that if at least of the learners’

scores lie within the rang®, then the set of scores are believed to be honsmye:,
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and thus the mean is representative of the grosgoses; otherwise the scores are
heterogeneous and the mean is not representatitfeeajroup’s scores (Daramola,
1998).

Following the above convention, participants’ ssone the TPGT (and indeed all
other tests used in this study) were found to bedgeneous as the ranBealculated
for the NS subsample wd® = [23; 58] and 57 (i.e. 83% of the) learners aiedi
scores that lie within this range. Since 57 > 46i¢lv is% of 69), it follows that the
scores obtained by the Nigerian subsample on tl@&TT&#e homogeneous, and hence
the mean score (40.49) is representative of thepgsoperformance. By a similar
calculation, 55 > 48 (which i% of 72) representing 76% of the South African
subsample obtained scores in the TPGT that lieimithe rangeR = [34; 62]
calculated for this group of learners. Hence, asthia case of their Nigerian
counterparts, the scores obtained by South Afritzarners in the TPGT are
homogeneous, and thus the mean score (47.85) atdulfor the group is

representative of the group’s performance.

It is important to make the above initial clarificas concerning the use of mean
scores as the analytic tool with which to intermteidents’ performance in a learning
area. The reason is that the value of the mearddoeilaffected by extreme scores
(Bennie, Blake & Fitton, 2006). Hence it is usefalascertain the homogeneity of
scores and determine how many learners obtaingdstuat lie within the acceptable
range of scores when using the mean to describensewpret learners’ performance
in a given test. As stated earlier, students’ doe the various tests used in this
study were found to be homogeneous. Consequentlyseguent references to
participants’ mean scores in each of the testsrer@e on the understanding that the

mean scores as stated adequately represent thegpmusformance.

A simple calculation from Table 4.1 indicates ttha percentage mean score obtained
by all the participating learners in the TPGT wdslZ%. Given that the items that
made up the TPGT were largely of van Hiele levil fhature, and that the TPGT as a
whole was a simple test of learners’ knowledgehaf simplest and most common
geometric terminology frequently encountered inigurand high school geometry,

this rather low percentage mean score is an inditdhat this cohort of high school
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learners had a low level of knowledge in this l@agrarea. That is, learners in this
study had a weak understanding of basic terminolaggociated with high school
geometry. Individual learners’ performance in theGIT is presented in Appendix
3.C.1-6, pp.25—-30, and item analyses of particgyanasponses are discussed later in

this chapter.

4.2.2 Performance of Nigerian and South African lemers in the TPGT

The mean score of learners from NS was compardu titt of learners from SAS.
The aim was to determine how Nigerian high schdoldeen compare with their

South African peers in the TPGT. The results amersarized in Table 4.2.

Table 4. 2School percentage means for learners in the TPGT

School N Mean score| Std Dev,| t-value | df p-value
NS 69 40.49 16.78 -2.85 | 139 | 0.0051
SAS 72 47.85 13.82

Table 4.2 indicates that the mean score of the BABiers on the TPGT was higher
than the mean score obtained by learners from ieANest of significance revealed
that the difference between the means of the NStlaa®SAS learners in the TPGT
was significant at the confidence levelp& 0.05, i.e. (t = - 2.85, 189 p < 0.05) in

favour of the SAS learners. What this result haswshis that on average, participants
from South Africa performed significantly betterath their Nigerian peers in the
TPGT; or in other words, that the Nigerian subsamiplthis study had a somewhat
weaker understanding of basic geometric terminoldggn its South African

counterpart.

4.2.3 Grade level performance in the TPGT

Grade level analysis of learners’ performance | TPGT focused on the relative
performance of grade 10, 11 and 12 learners inNfgerian and South African

subsamples. These results are represented in £hart
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Chart 4. 1 Grade level performance of learners in the TPGT

Chart 4.1 reveals a marginal progressive increasperformance along the grade
levels for the Nigerian subsample. From the Nigengarticipants, the percentage
mean score (45%) obtained by grade 12 learnersnveaiginally higher than that of
grade 11 learners (42%), which was in turn martyri@gher than the mean score of
the grade 10 learners. Given these little diffeesritat occurred in the mean scores of
learners from across grades 10-12 of the Nigeriahsample, it could be
hypothesized that the Nigerian high school learmerhis study add only a little to

their repertoire of geometric terminology as thegguess from grade 10 through 12.

An interesting revelation in Chart 4.1 about gréae| performance of South African
participants is that grade 10 learners outperforgrade 11 learners in the TPGT. As
the chart illustrates, the mean score (45%) of IS@\iftican grade 10 learners was
marginally greater than the mean score (41%) obthioy grade 11 learners. South
African grade 12 learners, however, obtained adrighean score (58%) than both
grade 10 and 11 learners. What these results skdWwat South African grade 11
learners involved in this study had a weaker unidading of basic geometric
terminology than their peers in grades 10 and It Grade 10 learners from the
South African subsample outperformed their gradepddrs in the TPGT turned out
not to be a fluke, since for all other tests ugethis study (as will be revealed in due
course), grade 10 South African learners consistaiitained higher mean scores

than grade 11 learners. Several reasons (e.g.elsanrior knowledge and attitude,

Page 132



teachers’ classroom instruction etc.) could be aded to explain why this is so.
However, one important observation made in thislystinat could possibly account
for this situation in the SAS was that the graddekicher, more than his participating
colleagues (as would be revealed during analystdassroom video studies), engages
in code-switching (Xhosa> English) during his instructional delivery. Wheittihis
code-switching ought to (or could) enhance learnaathematical understanding is
beyond the scope of this study (see Marawu, 1980 2001). However, it would
seem at first glance that code-switching possibnitéd grade 11 learners’ acquisition

of the requisite mathematical vocabulary in the SAS

The grade level analysis of learners’ performamcéhe TPGT further indicated that
South African learners, with the exception of gradddearners, obtained higher mean
scores than their comparative Nigerian peers. ¢ the Nigerian grade 12 learners
obtained a mean score (45%) equal to that of thehSafrican grade 10 learners. In
grade 11, the mean score (42%) of the Nigeriamérarwas marginally greater than

that of their South African counterparts, which wWa$6.

4.2.4 Grade level comparison of mean scores in tAi®GT

Further analysis was done to determine whetherobrthre differences in the mean
scores of the Nigerian and the South African pedicts in the TPGT reported in the
preceding section at each grade level are significBhe results of this analysis are

presented in Table 4.3.

Grade level differences in the mean scores of tlgerldn and the South African
learners in the TPGT were tested for significafidee results which are represented
in Table 4.3 indicated the following: There wadaistically significant difference in
the mean score of Nigerian grade 10 learners anthS&frican grade 10 learners in
favour of the latter at the 0.001 level< - 4.23, 48f, p < 0.001). That is, South
African grade 10 learners performed significantgtter than their Nigerian peers on
the TPGT. The test of significance also revealeat #ithough Nigerian grade 11
learners obtained a marginally higher mean scorehenTPGT than their South
African counterparts, the difference in the meaores of these two groups was not

statistically significantt(= 0.27, 4@lf, p > 0.05). This means that Nigerian grade 11
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learners did not achieve significantly better ressthhan their South African grade 11

counterparts in the TPGT.

Table 4. 3Grade level mean scores in the TPGT

Grade NS SAS t-value | df | p-value

N | Mean | Std Dev. | N | Mean| Std Dev.

10 21| 33.62| 10.15 | 24 | 44.63| 7.22 -4.23 | 43 | 0.0001

11 24 1 41.67| 19.51 | 24| 40.50| 8.16 0.27 | 46 | 0.7882

12 24 14533 17.13 | 24 | 58.42| 16.94 | -2.66 | 46 | 0.0107

The t-testfurther revealed that there was a significantedléhce between the mean
score of Nigerian grade 12 learners and that of ®euth African peers in favour of

South African learners € - 2.66, 4@f, p < 0.05). That is, South African grade 12
learners performed significantly better than Nigergrade 12 learners in the TPGT.
These results further buttress the claim in sectigh2 that on the average, South
African learners involved in this study have a &ettnowledge of basic geometric

terminology than their Nigerian peers.

4.2.5 Gender differences in performance in the TPGT

Analysis of students’ performance in the TPGT adow to gender was done by
comparing:

* The male mean score with the female mean scork thiegparticipants.

* The male mean score with the female mean scoteedfligerian subsample.

* The male mean score with female mean score ofdbéhSAfrican subsample.

* The Nigerian male mean score with the South Africeabe mean score.

* The Nigerian female mean score with the South Afritemale mean score.
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4.2.5.1 Mean scores in the TPGT of all participaritg gender
As Chart 4.2 illustrates, this study identifiedender difference in performance in the
TPGT in favour of male learners. On average, medenlers obtained higher scores,

with a mean score of 48%, than female learners, eftt@ined a mean score of 41%.
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Chart 4. 2 Gender difference in mean scores in TPGT

A test of significance conducted indicated that difference between the male and
female mean scores was statistically significanthat0.01 level as shown in Table
4.4.

Table 4. 4Mean scores in the TPGT by gender

Gender | N | Meanscore| Std Dev, t-value df pvalue
Male | 68 48.04 16.49 -2.84 139 0.0053
Female | 73 40.71 14.19

These results were consistent with those of UssKit982, p.84) study in which he
reported that in the comparative and similar “EnggiGeometry test (EG)”, the mean
score of American high school male learners wasifsigntly greater than that of

their female counterparts. The results were alssistent with those of Barnard and
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Cronjé’s (1996, p.1) study in which “differentiadigder performance was in favour of
most males” in South Africa in a 20-item multipleesce Euclidean geometry test.
While it might seem bold to conclude that the Nigerand South African high school
male learners had a better grasp of basic geomtetniginology than their female
counterparts, the results from this study cannggsst anything to the contrary, since
male learners (as will become evident in due cquecsasistently obtained higher
mean scores than female learners in nearly altasis used in this study. Given that
this study involved learners from two separate dinitilar school and social contexts
(Nigeria and South Africa), it was deemed necesgaryconsider these gender

differences separately for each school.

4.2.5.2 Mean scores in the TPGT of the Nigerian sample by gender

Analysis of the scores of learners from the Nigesabsample in the TPGT revealed
that there was a difference between the male mzae sind the female mean score in
favour of the male learners. tAestanalysis indicated that the difference between the
male mean score of 45.76% and the female mean st@34.41% was statistically
significant at the 0.005 level. This means thatfgmaale learners from the Nigerian
subsample were conceptually poorer than their roalmterparts in their knowledge

of basic geometric terminology. Table 4.5 summariese results.

Table 4. 5Mean scores in the TPGT of Nigerian participantgegder

Gender | N | Meanscore| StdDev, t-value df pvalue
Male | 37 45.76 17.01 -2.96 67 0.0043
Female | 32 34.41 14.52

4.2.5.3 Mean scores in the TPGT of South Africanbsample by gender

As revealed in Table 4.6, although South Africanlemiearners obtained a higher
mean score (50.77%) than their female peers whairtdd a mean score of 45.63% in
the TPGT, the test of significance indicated thwt difference between the means is

not statistically significantt(= - 1.58, 7df, p > 0.05). That is, South African male
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learners’ knowledge of common geometric terminolegas not significantly better

than that of their female counterparts involvedthis study. These results further
indicate that the gender difference in the meamescoeported in section 4.2.5.1 was
due more to the differences that occurred betwegerfn male and female scores

than it was due to differences in the scores ottsairican male and female learners.

Table 4. 6Mean scores in the TPGT of South African partictpdy gender

Gender | N | Meanscore| StdDev, t-value df pvalue
Male 31 50.77 15.70 - 1.58 70 0.1188
Female | 41 45.63 11.93

4.2.5.4 Mean scores of Nigerian and South Africarata learners in the TPGT

The mean score of Nigerian male learners in theTTR@s 45.8%, while that of their
South African peers was 50.8% (Table 4.7). Thesdiifice in these means was found
not to be statistically significant € -1.25, 6@f, p = 0.2141). These results indicate
that South African male learners involved in thisdy were not significantly better
than their counterparts from the Nigerian subsammplerms of their knowledge of

basic terminology in high school geometry.

Table 4. 7Mean scores of Nigerian and South African maleriegs in the TPGT

School | N | Mean score| Std Dev| t-value df pvalue
NS 37 45.76 17.01 -1.25 66 0.2141
SAS | 31 50.77 15.70

4.2.5.5 Mean scores of Nigerian and South Africaenfiale learners on the TPGT

In this analysis, the mean score of Nigerian fenhadeners was compared with the
mean score of South African female learners. Agcatdd in Table 4.8, there was a

statistically significant difference between theamescore (34.41%) of the Nigerian
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female learners and that of the South African femahrners (45.6%) at the 0.001
confidence level in favour of the South African f&mlearnerst(= - 3.63, 78lf, p <
0.001). These results indicated that South Afritamale learners involved in this
study had a better knowledge of basic geometrimiteslogy compared with their

Nigerian international peers.

Table 4. 8Mean scores of Nigerian and South African femaderiers in the TPGT

School | N | Mean score| Std Dev| t-value df pvalue
NS 32 34.41 14.52 - 3.63 71 0.0005
SAS 41 45.63 11.93

4.2.5.6 Mean scores of grade 10, 11 and 12 learnietthe TPGT compared

The analysis in this section focuses on a much daogicture of grade level
differences in students’ performance in the TPGAntthat presented in sections 4.2.3
and 4.2.4, which discussed these differences drdpeh school level. Although there
was a difference in the mean score of South Afrgade 10 and grade 11 learners in
favour of the former (see section 4.2.3), this efiéhce diminished in importance
when the mean score for all the grade 10 learriems (NS and SAS) was computed
and compared with the mean score for all the gfddparticipants. Thus, in general,
there was a marginal progressive increase in theeaement of these learners along
the grade levels. That is, grade 12 learners aeHiewarginally better results than
grade 11 learners, whose achievement was likeweginmally higher than that of
grade 10 learners in the TPGT.

As evident in Table 4.9, there was a differencaevben the mean scores of grade 12
learners (51.88%), grade 11 learners (41.08%) amdleglO learners (39.49%) across
the entire sample. A one-way analysis of varianBH@VA) indicated that these
differences in mean score are significat(9.77, (2, 138)f, p < 0.001).
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Table 4. 9Grade level differences in mean scores in the TPGT

Grade N Mean Std Dev.
10 45 39.49 10.24
11 48 41.08 14.81
12 48 51.88 18.11

All grades 141 44.15 15.73

In order to determine between which grade levedsdifferences in mean score were
significant, a Scheffe post-hoc teswas conducted. The result of thgost-hoc
comparison (Table 4.10) indicated that the diffeeem the mean scores of grade 10
and 11 learners was not statistically significant 0.05). However, the difference in
the mean scores of grade 10 and 12 learners wad tolbe statistically significant at
the 0.001 level. Also, the difference in the meaarss of grade 11 and 12 learners

was statistically significanip(< 0.05).

Table 4. 10Scheffe post-hoc test for the TPGT

Grade 10 11 12
10 0.874410 0.000469
11 0.874410 0.002282
12 0.000469 0.002282

What is evident from th@ost-hoc tesis that there is only a little improvement in
students’ acquisition of geometric terminology &syt progress from grade 10 to
grade 11. This claim is supported by the non-sigaifce of the difference in the
mean scores of learners from these grades as eevbaltheposthoctest Hence, in

terms of students’ knowledge of basic terminolagyigh school geometry, grade 11
constitutes a problem for the participating schodlsile this is so for the entire study

sample, the situation in the SAS deserves specrahent.

Grade 10 South African learners obtained a highearmscore than their grade 11
peers not only in the TPGT, but also in all theeottests used in this study, as will be

revealed in due course. Although this study didfoahally interrogate why this was
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so in the SAS, an informal interview that | heldiwa grade 10 mathematics teacher,
who incidentally, was the HOD of mathematics in 84S, nevertheless introduced a
reason that could possibly explain this situatiorine SAS. According to the HOD,
the current crop of grade 11 learners involvechia study learned little mathematics
the previous year becauske teacher who taught them in grade 10 was very
uncommitted Whether this was a tenable explanation or not maisinterrogated
further in this study. However, it is noteworthy neention that this study, as was
stated in the last paragraph of section 3.3.4.fl@hapter Three, was conducted at the
SAS towards the end of the academic session in,200i8h means that at that time
of the school year, the learners would have preblynizeen taught a significant part

of their mathematics curriculum for that year.

4.3 Correlation analysis between Students’ Verbalral Visual Abilities in the

TPGT

It was stated earlier that the principal ration@lethe TPGT was to determine what
relationship might exist between a student’s vaelédigeometric level and his/her

knowledge of basic terminology in school geometsge( Chapter Three, section
3.3.4.1.1, last para.). A second purpose servatidyPGT was to determine whether
a student who knows a correct verbal descriptioa geometric concept also has the
correct visual (or concept) image associated with ¢oncept, and conversely (see
Chapter three, section 3.3.4.1.1). As was statd¢ddersecond last paragraph of section
3.3.4.2 in Chapter Three, the method used wasnelate students’ scores in all 30

verbally presented items with their scores in tBevidually presented items in the

TPGT.

While the analysis of the correlations between etgsl van Hiele levels and
concurrent knowledge of geometric terminology iesented in a later chapter, the
analysis of the correlations between a studenilgyaim verbal geometry terminology
tasks and his/her ability in visual geometry terohbgy tasks as exemplified by
students’ scores in the TPGT is the focus in tactien of this chapter. In the analysis

" The teacher referred to was no longer teachif®A& at the time of this study.
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that follows, the verbally presented questions thee odd-numbered items and the
visually presented questions the even-numberedsiterthe TPGT.

4.3.1 Correlation between verbal and visual abiligs of learners in the TPGT

In this section, the correlation between studealtdity in verbal and visual geometry
terminology tasks was determined. By correlatinglshts’ scores from the verbally
presented items in the TPGT, correlation coeffitsemere obtained separately for the
Nigerian and South African subsamples. The coimalatoefficient calculated for the

Nigerian subsample (NS learners) was r = 0.83,thadne calculated for the South
African subsample (SAS learners) was r = 0.63. Buirelations were found to be

significant at the 0.001 level as indicated in Badbl11.

Table 4. 11Correlation coefficients for the TPGT by school

School| Odd (verbally Even (visually N r-value p-value
presented items) | presented items)
Mean | Std Dey Mean | Std DeV

NS 11.16 5.12 13.13 5.45 69 0.83 0.00001

SAS 12.68 4.61 15.99 4.58 72 0.63 0.00001

As evident in Table 4.11, the values of the cotr@facoefficients calculated for both
the Nigerian and South African subsamples are ipesifThis means that a student
who correctly answered a verbally presented questidhe TPGT also answered its
visually presented identical counterpart correcilgd vice versa. That the values of
the coefficients are fairly large does not necelysendicate that the learners have an
impressive grasp of geometric terminology. The ficehts only give information
about the level of consistency with which particifgaresponded to homologous pairs
of questions in the TPGT.

The correlation coefficient calculated for the Nige subsample (0.83) was greater

than that calculated for the South African subs&nipl63).This again does not imply
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superiority in performance on the part of the Nigersubsample over that of the
South African. What it does mean is that Nigeriaarhers were more consistent in
their responses to the items in the TPGT than Beith African peers. That is, more
Nigerians passed or failed identical pairs of goest in the TPGT than South
Africans. The higher mean score obtained by thetlB&frican subsample (see
section 4.2.2) in the TPGT compared with that @& Migerian participants supports

this disclaimer.

Even with the interpretation given in the precedpayagraph, there could be many
other dimensions to what these correlation coeffits tell us about students’
conceptual understanding of geometric terminolodyat the correlation coefficient
for the Nigerian subsample was greater than thahefSouth African participants,
means that more Nigerian learners than South Afsoaho knew a correct verbal
description of a geometric concept also had therecbrvisual/concept image
associated with the concept. In terms of the caiedpunderstanding of basic
terminology in geometry, this would mean that Soéthican participants were less
conceptually grounded than their Nigerian peergnay be that the SAS learners
engaged in random guessing that resulted in theslation coefficient being lower

than that of the Nigerian participants.

Another interpretation, and perhaps one more tenablthat South African learners
had a more comprehensive understanding of basimegic terminology than their
Nigerian counterparts and hence obtained a higheasnnscore in the TPGT (see
section 4.2.2). But this understanding is less ephal, as the SAS learners tended to
understand the terminology better only in one fafmpresentation, namely the visual
form. Simple calculations from Table 4.11 reveaittthere is a wider difference
between the mean scores of South African learrarshe verbally presented items
(odd) and the visually presented items (even) ttiere is for learners from the
Nigerian subsample. This indicates that the Soufhicdn learners were less
successful with geometry terminology tasks thatenygresented in verbal form than

the Nigerian participants.

To conclude, Table 4.11 further indicates thatrlees from both the Nigerian and the

South African subsamples had a better understandingeometric terminology
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presented in terms of visual tasks than thosewviiea¢ presented in verbal form, and

hence, obtained higher mean scores in the fornaeritnthe latter.

4.3.2 Grade level correlation between verbal and sual abilities of NS learners
in the TPGT

Further analysis of students’ scores was done et gaade level in each of the
participating schools in order to see how the scam distributed between the
verbally and visually presented items on the TPG@T this section, grade level

analysis of the correlation coefficients calculatediearners from NS are presented.

The correlation coefficients calculated for gradke 11 and 12 learners from the NS
were all positive and statistically significant ¢s€able 4.12). For grade 10 learners,
the correlation coefficient was moderately highk .53, n = 21, p < 0.05); for grade
11 learners, it was very high (r = 0.90, n = 24 @.0001; and for grade 12 learners, it
was also very high (r = 0.84, n = 24, p < 0.000Hese high correlation coefficients
at each grade level indicated that a learner widowdll on the verbally presented
items in the TPGT equally did well on their corresging visually presented items,
and vice versa. Given the low mean scores obtdnyethese learners in the TPGT
(see section 4.2.4), these high correlation caefiis suggest that although the
learners demonstrated their possession of condefphgaviedge of basic geometric
terminology, this knowledge lacks breadth in tewhsiumber of concepts. That is, a
student who knew a correct verbal description @feametric concept also had the
correct visual image associated with it, but thenbar of concepts in which these
learners had this conceptual knowledge turned @uiet very few. This later point
accounts for the very low mean scores that areceged with the high correlation

coefficients obtained by these learners in the TPGT
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Table 4. 12Correlation coefficients at grade level in NS ie TlPGT

Grade Odd Even N | r-value | p-value
Mean | Std Dev| Mean Std Dey.

10 9.43 2.94 10.76 4.09 21 0.53 | 0.01370

11 11.67 6.12 13.33 5.87 24 0.90 | 0.00001

12 12.17 5.34 15.00 5.48 24 0.84 | 0.00001

As indicated in Table 4.12, the mean scbrelstained (out of a maximum of 30
points) by learners at each grade level for theallg presented items on the TPGT
were higher than those obtained for the correspondierbally presented items.
Hence, in relative terms, these learners had &ibgtasp of geometric terminology

presented in visual form as against that presereduhlly.

4.3.3 Grade level correlations between verbal andsual abilities of SAS
learners in the TPGT

Table 4.13 illustrates the correlations betweerdestts’ scores for the verbally
presented items and their scores for the visuakggnted items on the TPGT across
grades 10-12 in SAS. Unlike in the case of the hagesubsample, where the
correlation coefficients were all positive and siigant at each grade level, for the
South African subsample, the correlation coeffitsemere positive only for grade 11
and 12 learners, with that of grade 12 learnenschbtfie only one that was statistically
significant. For grade 10 learners, the correlatioafficient was negative (r = - 0.06,
n =24, p = 0.7786); for grade 11 learners, it We&s positive but not significant (r =
0.37, n = 24, p = 0.0745); and for grade 12 learntewas positively moderate and
significant (r = 0.74, n = 24, p < 0.0001). Thessults are summarized in Table 4.13.

8 These are not percentage mean scores. For thenpege mean scores, simple calculations could be
done. For example, in grade 12, the percentage rseare for the even-numbered items would

bel5 , 100 = 500 . and for the odd-numbered items it wouldLB/,;oo~ 4060, Averaging these
30 3C

gives a percentage mean score of 45.3% for Nigeiade 12 learners. Compare this figure with that
of Table 4.3.
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Table 4. 13Correlation coefficients at grade level in SAShe TPGT

Grade Odd Even N | r-value | p-value
Mean | Std Dev| Mean Std Dey.

10 11.54 3.26 15.21 3.02 24 | -0.06 | 0.77860

11 10.67 2.90 13.58 3.02 24 0.37 | 0.07434

12 15.83 5.52 19.17 5.40 24 0.74 | 0.00003

As with the Nigerian learners, the mean scoresioéta(out of a maximum of 30
points) by the SAS learners at each grade levehi®wisually presented items in the
TPGT were higher than that obtained for their cgpomding verbally presented
items. Hence, these learners, like their Nigeriasunterparts, had a better
understanding of geometric terms that were predeintevisual form than ones that
were represented verbally. Again, since grade afnkrs in the SAS had a higher
mean score in the TPGT than grade 11 learnersi@gle 4.3), the implication is that
grade 11 learners correctly answered a higher ptiopoof both members of a pair of
verbally and visually presented questions than eyra@d learners. This would mean
that in terms of comprehensiveness (i.e. numbeontepts), grade 10 learners in the
SAS had a better knowledge of geometric terminoltipn their grade 11 peers.
However, in terms of conceptual understanding, i)ah terms of demonstrating that
a geometric concept understood verbally is alserstdod visually, grade 11 learners
tended to display a deeper knowledge of geometrimihology than their grade 10

counterparts.

From the analysis of the correlations between gaents’ verbal and visual abilities
in the TPGT, it is evident that on the whole, themses a positive relationship between
students’ ability in verbal geometry terminologyska and their ability in visual
geometry terminology tasks. That is, a student Whew a correct verbal description
of a geometric concept was very likely to have toherect visual image associated
with the concept. Hence, for this crop of learnersrbal ability in geometric
terminology implied ability in visual tasks. Howeyehese learners were marginally
more successful with visually presented geometrgniteology tasks than verbally

presented ones. These results were found to bestemswith those of Clements and
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Battista (1992, p.421), who reported that in gelnéstudents can handle some

[geometry] problems much better if the problem iesented visually rather than

verbally”.

4.4  Students’ Knowledge of the Concepts of Circles,Triangles and

Quadrilaterals, and Lines and Angles

The analysis that follows focuses on how studestres in the TPGT were
distributed among the three major concepts in texhwehich the TPGT was drawn up
(see Chapter Three, section 3.3.4.1.1).

4.4.1 Mean scores of all participants in the TPGT ypconcept

For the analysis in this section, students’ meaescin the TPGT were calculated
separately for items on geometric terminology aisged with the concepts of circles,

triangles and quadrilaterals, and lines and anglbe.results are as shown on Chart
4.3.
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Chart 4. 3 Mean scores of learners in the TPGT by concept

As Chart 4.3 illustrates, the participating leasir this study showed a rather weak

knowledge of geometric terminology across all thgeemetric concepts according to
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which items in the TPGT were drawn up. In relatigems, however, these learners
demonstrated a better knowledge of terms in gegnthait are associated with the
concept of lines and angles than of those assdciaith circles, and triangles and
quadrilaterals. The higher mean score of 47% indic#hat these learners were more
comfortable dealing with geometric terminology asated with lines and angles than
that which dealt with the concepts of circles, dndngles and quadrilaterals, for
which they obtained mean scores of 40% and 45%ecotisply. These results were
found to be partly consistent with those of Koultaak (as cited in Clements &
Battista, 1992, p.421) when they reported that inefica, “students’ performance at
identifying common geometric figures, such as paréihes...[was] acceptable”, but
that students’ knowledge of some basic geometrindeassociated with the concept

of the circle was deficient.

In order to see how the scores of learners fromNiigerian subsample (NS learners)
compare with those of the learners from the Sodticdn subsample (SAS learners),
mean scores for each of the three concepts wecelatdd separately for the Nigerian
participants and the South African participantse Thsults are illustrated on Chart
4.4,
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Chart 4. 4 Mean scores of NS and SAS learners in the TPGTohgept
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As revealed on Chart 4.4, there was no differenddeé mean scores of learners from
the Nigerian and South African subsamples with mégm their knowledge of
terminology associated with the concept of theleirthere was also only a marginal
difference between the mean scores of Nigerian &odith African learners
concerning the geometric concept of triangles anddglaterals in favour of the
South African learners. There was, however, a wifference in the mean scores of
Nigerian learners (39%) and South African learr{496) on terminology associated
with the concept of lines and angles. Importantihile learners from the South
African subsample obtained their highest mean sfrore the geometric terminology
associated with the concept of lines and angles, iththe area where Nigerian
learners obtained their lowest mean score in th@TLR5iven that the mean scores of
Nigerian and South African learners for the geometoncepts of circles, and
triangles and quadrilaterals are equal (or nean)y then the difference in the mean
scores of these two groups of learners on the TR&& whole reported in section
4.2.2 can be attributed almost entirely to theeddhce in their mean scores on the

geometric terminology associated with the concéfihes and angles.

4.4.2 Mean scores of learners in the TPGT for theoncept of circle by grade

per school

Mean scores of learners for items (16 of them)hia TPGT that tested students’
knowledge of basic terminology associated withghemetric concept of circles were
calculated at each grade level in each of the @pating schools. The results are as

shown on Chart 4.5.

Chart 4.5 indicates that in the NS, there was agimal progressive increase in the
mean scores of learners across the grade levetedaroncept of circle in the TPGT.
Grade 12 learners from the NS obtained a margirtafiizter mean score (44%) than
grade 11 learners whose mean score (40%) wasrimtarginally higher than that of
grade 10 learners (34%). These results, which ansistent with those reported in
section 4.2.3, indicate that students from the N& @nly a little to their repertoire of
geometric terminology associated with the geometdncept of the circle as they

progress from grades 10 through 12.
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Chart 4. 5 Mean scores of learners in the TPGT for the conekpircles by grade per school

In the SAS, there was a marginal difference inrttean scores of grade 10 learners
(35%) and that of grade 11 learners (33%) on theept of the circle. There was,
however, a huge difference in the mean scoresaifeg2 learners (53%) and those
of the grade 10 and 11 learners from the SAS. AR thie mean scores calculated for
learners from the SAS at grade level in the TPG& asole (see section 4.2.3), these
results indicated that in the SAS, grade 10 learread a better knowledge of
geometric terminology associated with the concdptimles than their grade 11

peers.

As indicated on Chart 4.5, at each grade levelh(vwite exception of grade 11),
participants from the SAS obtained a marginally hkig mean score than their
comparative international peers from the NS. Théans that on the average, learners
from the Nigerian subsample had a poorer knowledfygeometric terminology
associated with the concept of the circle thanrtt@suth African counterparts
involved in this study. These results corroborates findings reported in sections
4.2.2 and 4.2.4.

Further analysis of students’ scores was donedardo provide insight into students’
knowledge of particular terms associated with thegonents of a circle tested in the
TPGT. For this analysis, the mean scores of learfrem each of the participating
schools were obtained for each component of thdecincluded in the TPGT. The

results are represented in Table 4.14.
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Table 4. 14Mean scores of learnérsn the TPGT per school for terminology associatiH a circle

Component of circle NS (n = 138) SAS (n = 144)
Mean score (%) Mean score (%)

Chord 38 31
Radius 30 33
Diameter 54 63
Tangent 31 38
Arc 33 31
Sector 56 41
Cyclic quadrilateral 28 49
Concentric circles 46 38

As indicated in Table 4.14, of all the terminologgsociated with the concept of a
circle tested in the TPGT, participants demonstraeetter knowledge of diameter
than of other circle components. Of the items @ dbmponents of a circle, learners
from the SAS obtained their highest mean score j6&3%items that tested learners’
knowledge of the diameter of a circle. It was atspthese items that the Nigerian

subsample obtained their second highest mean ga478).

As further revealed in Table 4.14, the radius afrale was among the least familiar
terms associated with the concept of a circle lfier participants, since learners from
the Nigerian and South African subsamples coulg ordnage to obtain a mean score
of 30% and 33%, respectively, for items pertainioghis term. These results were
found to be consistent with those of Kouba et at ¢ited in Clements & Battista,

1992, p.421) when they reported that in Americaghhischools, “students’

performance at identifying common geometric figuresch as...the diameter of a
circle [was] acceptable, but students’ performanitk figures ...such as the radius of

a circle, [was] deficient”.

% In the NS, 69 learners wrote the TPGT. Hencegethesre a total of 69 X 2 = 138 responses for each
circle component as there were two items for edcth® circle components. This was the sense of
usage of n = 138. Similarly, in the SAS, n=72.X 2
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Another interesting result concerning participantgiowledge of terminology
associated with the concept of the circle testethenTPGT was that these learners
obtained very low mean scores for nearly all themieology, despite the very
elementary nature of the TPGT. With the exceptibritaams on the diameter of a
circle in which SAS learners obtained a mean safré63%, these (SAS) learners
scored below 50% on average for all the other teology associated with a circle.
The Nigerian subsample was similarly only able ldaen mean scores of over 50%
on two conceptual terms pertaining to a circle %5#r diameter and 56% for a
sector. These low mean scores indicated that Hredes had very little knowledge of
terminology associated with the geometric concelpiciccles. These results are
consistent with those of Siyepu (2005, pp.77—#8hich of the 21 grade 11 learners
that made up his study sample in South Africa, yoelght participants (38%)
managed to identify a chord among other parts onpmments of a circle..., [and]

only seven participants (33%) managed to recogmskidentify a radius...”.

4.4.3 Mean scores of learners in the TPGT for theonicept of triangles and

quadrilaterals by grade per school

Mean scores of learners for items (18 of themhm TPGT that tested participants’
knowledge of terminology associated with the conadriangles and quadrilaterals
were computed at each grade level in each partingpachool. The results which are
illustrated on Chart 4.6 indicated that grade 1D,ahd 12 learners from the NS
obtained mean scores of 40%, 45% and 46%, respigtior items on the TPGT that
examined learners’ knowledge of basic terminologgoaiated with the concept of
triangles and quadrilaterals. As with the NS lesh&nowledge of the geometric
concept of circles (see Chart 4.5), the result€bart 4.6 indicated only a marginal
progressive increase in the mean scores acrosgréite levels. That is, grade 12
learners in the NS obtained a marginally highermszore than the grade 11 learners
whose mean score was in turn marginally higher thahof grade 10 learners. In the
SAS, the mean score (43%) of grade 10 learnerssiigigly higher than that of grade
11 learners (39%). Grade 12 learners from the Sla&rly obtained a much higher
mean score (54%) than their grade 10 and 11 cquartsr in the same way that they
did on the concept of circle (see Chart 4.5).
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Chart 4. 6 Mean scores of learners in the TPGT for the conekptangles and quadrilaterals
by grade per school

A perusal of the mean scores on Charts 4.5 andndli6ates that learners at each
grade level and in each school obtained higher rseares for items on the geometric
concepts of triangles and quadrilaterals (Char} thén they did for items on the
geometric concept of circles (Chart 4.5). Thaths, learners at each grade level had a
better understanding of the terminology associatik the concept of triangles and
gquadrilaterals than that associated with the canckp circle. These results provide

support for and confirm the results reported irtisacd.4.1 (see also Chart 4.4).

Furthermore, although the mean scores of learnarsthie geometric concept of
triangles and quadrilaterals were higher than the#an scores for the geometric
concept of circles, these scores, as shown on @t@&rivere still very low, given the

fact that the items in the TPGT were almost entioflvan Hiele levels 1 and 2 types
(see Chapter Two, section 2.8). With the exceptiograde 12 learners from the SAS
who obtained a mean score of 54%, the mean scoait ofher learners in grades 10
and 11 in both the NS and the SAS were below 50%aliC4.6). These results
indicate that participants in this study had a wé&akwledge of the terminology

associated with the geometric concepts of triangfesquadrilaterals.

The results as stated in the preceding paragrapk feeind to be consistent with
research from both international studies and thivem the Nigerian and South
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African contexts (see Chapter Two, sections 2.7m2 2.7.3.3). According to

Clements and Battista (1992, p.421), in the Un8&ates, for example, “only 63% [of
high school learners] were able to correctly idgntiiangles that were presented
along with distractors” and “only 64% of the 17-yealds knew that a rectangle is a
parallelogram”. In Nigeria, the WAEC Chief ExamiteReport (WAEC, 2003,

p.175) indicates that “guestions on the angle pimse of a triangle were also
unpopular” with the majority of the candidates.South Africa, Roux (2003, p.362)
states that many “secondary school learners cadenotify and name shapes like kite,

rhombus, trapezium, parallelogram and triangles”.

Students’ scores were further analysed in ordedet®rmine how the scores were
distributed among items in the TPGT that testedigpants’ knowledge of the basic
terminology associated with various concepts or-cuixepts that embodied the
geometric concept of triangles and quadrilaterats. this analysis, mean scores of
learners from each of the participating schoolsewealculated for each type of
geometric concept of triangles and quadrilatenat$uided in the TPGT. The results

are as shown in Table 4.15.

Table 4.15 indicates that participants from both &% SAS obtained their three
highest mean scores in the TPGT for the same geigneencepts of similar triangles,

diagonals and sides, and the altitude of a triangkarners from the Nigerian

subsample obtained different mean scores for theseepts: 55% for the altitude of a
triangle; 49% for similar triangles; and 47% foagonals and sides. Participants from
the South Africa subsample, however, obtained aralegean score (51%) for these
three concepts. The least mean score obtainedabyees from the NS was 35% and it
was for items in the TPGT that examined learnersdvkledge of the geometric

concept of symmetry in various quadrilaterals. #svalso on these items that South
African learners obtained their second lowest meeore (40%) after items on the

geometric concept of scalene triangles in whicly tigtained a mean score of 33%.
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Table 4. 15Mean scores of learners in the TPGT per schodkfoninology associated with triangles
and quadrilaterals

Geometric concept NS (n = 138) SAS (n = 144)

Mean score (%) Mean score (%
Scalene triangle 45 33
Isosceles triangle 39 41
Equilateral triangle 43 47
Right-angled triangle 38 49
Similar triangles 49 51
Diagonals and sides 47 51
Altitude of a triangle 55 51
Line of symmetry 35 40
Triangle and quad. 43 43

These results indicate that learners in this stbdg a better knowledge of the
geometric terminology associated with the concegtghe altitude of a triangle,
similar triangles, and diagonals and sides, thamhefterminology associated with
other geometric concepts of triangles and quadriddé examined in the TPGT. The
results further indicate that line of symmetry aigiht-angled triangle were among the
most unfamiliar terms or concepts for the Nigeaihsample. For the South African
subsample, line of symmetry and scalene triangleevamong the least familiar
concepts. These results echo those of Clements Battista (1992), in which
difficulty with identifying figures having lines adymmetry was evident among 11th-
grade U.S learners.

Table 4.15 revealed that the Nigerian subsamplaiméd mean scores that were
lower than 50% on all the concepts except on tmeept of the altitude of a triangle,
in which they obtained a mean score of 55%. SityilaBouth African learners
obtained mean scores that were below 50% on akkdneepts with the exception of
three concepts in which the mean score obtainedbds Given the very elementary
nature of the TPGT, these results, as illustratetiaible 4.15 portray an unimpressive
performance on the part of the participants conngrthe geometric terminology
associated with the concept of triangles and gladrals.
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On a comparative level, Nigerian and South Afridearners obtained equal mean
scores (43%) for items in the TPGT that testedniexas’ knowledge of the concept of
a triangle and quadrilateral. Except for conceptating to scalene triangles and the
altitude of a triangle in which Nigerian learneradhhigher mean scores (45% and
55%, respectively), South African learners outpanfed their Nigerian peers on all
the other concepts in the TPGT associated with dbecept of triangles and

quadrilaterals.

4.4.4 Mean scores of learners in the TPGT for theooicept of lines and angles

by grade per school

There were 24 items on the TPGT that tested lesrkapwledge of the terminology
associated with the geometric concept of lines amgles. The mean scores obtained
by learners on these items at each grade leveldh ef the participating schools were

computed. The results are illustrated on Chart 4.7.

As indicated on Chart 4.7, the mean score (47%aiobtl by Nigerian grade 12
learners for items in the TPGT that examined pipaicts’ knowledge of terminology
associated with the concept of lines and angleshigieer than the mean score (41%)
of grade 11 Nigerian learners, which was in turghkr than that of their grade 10
peers (29%). In terms of knowledge of terminologiating to the concept of lines
and angles, these results showed that grade liZelsafirom the Nigerian subsample

surpassed grade 11 learners, who in turn, surpasadd 10 learners in this group.

As with the results in sections 4.4.2 and 4.4.3dgr 10 South African learners
obtained a higher mean score (51%) than their giddeeers who had a mean score
of 47% for items on the geometric concept of liaesl angles. The mean score of
65% obtained by grade 12 South African learners mash higher than those of
grades 10 and 11 learners. These results indicduzid grade 10 South African
learners had a better understanding of geometriceqa of lines and angles than their
grade 11 counterparts. Grade 12 learners’ knowledderminology associated with
the geometric concept of lines and angles was nhetter than that of grade 10 and

grade 11 learners in the SAS.
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Chart 4. 7 Mean scores of learners in the TPGT for the concklies and angles by grade
per school

Chart 4.7 further revealed that at each grade |&@lth African learners obtained a
higher mean score than their Nigerian peers. Ih the lowest mean score (47%)
obtained by grade 11 learners from the SAS wasleguthe highest mean score
(47%) obtained by grade 12 learners from the N&®rdfore, South African learners
demonstrated a better knowledge of the geometmceaut of lines and angles than
their Nigerian peers.

A point that deserves separate mention is thategrHdl learners from the South

African subsample consistently obtained a higheanms&core than the grade 11s for
all the three major concepts (circles, triangled @uadrilaterals, and lines and angles)
featured in the TPGT (see Charts 4.5 through 4hrg.Bbservation reinforces the

point made earlier in section 4.2.3, which was thageneral, grade 10 learners from
the South African subsample outperformed their grad peers in the TPGT. In

Nigeria, however, there was a consistent marginagnessive increase in the mean
scores of learners across the grade levels for ehthe three major concepts that
embodied the TPGT.

The distribution of participants’ scores among @pts or terminology associated
with the concept of lines and angles in the TPGT waalysed. Mean scores of

Page 156



participants in each school were computed for eacitept. The results are presented
in Table 4.16.

As indicated in Table 4.16, the highest mean saub&ained by the Nigerian
subsample from items in the TPGT that tested ppatits’ knowledge of terminology
or concepts associated with the geometric concelmes and angles was 75%, and
the second highest mean score obtained by thesgetsawas 54%. These learners
obtained these mean scores from the geometric netagical concepts of right
angles and acute angles, respectively. It was esetrsame concepts that South
African learners obtained their highest mean s¢88%) and their second highest

mean score (76%), respectively.

The geometric concepts of angle complementarity thedperpendicularity of lines
were the most unfamiliar terms for learners frorthiibe Nigerian and South African
subsamples, since they obtained their lowest meaires for items on these concepts.
Participants from Nigeria obtained mean scores @%b 2and 25% for items in the
TPGT that examined learners’ knowledge of compleargrangles and perpendicular
lines, respectively. The respective mean scoresirdd by South African learners for

items on these concepts were 21% and 35%.

The analysis presented in the two preceding papagrandicates that participants in
this study had a relatively acceptable knowledgehef terminological concepts of
right angles and acute angles. As is evident inlefabl6, although students’
performance in respect of the other terminology rresponding angles,
supplementary angles, alternate angles, etc.) iassdavith the geometric concept of
lines and angles was generally less impressivé, fleeformance with regard to the
concepts of complementary angles and perpendiclilles was the most
disheartening. These results are consonant wittetld Clements and Battista (1992)
in which in the U.S, students’ knowledge of pergeuldr lines was reported to be

deficient (see Chapter Two, section 2.7.3.6).
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Table 4. 16Mean scores of learners in the TPGT per schodkfoninology associated with lines and
angles

Geometric concept NS (n = 138) SAS (n = 144)
Mean score (%) Mean score (%)

Acute angles 54 76
Alternate angles 38 43
Complementary angles 20 21
Corresponding angles 41 46
Obtuse angles 38 63
Reflex angles 47 67
Right angles 75 88
Supplementary angles 29 46
Vertically opposite angles 38 68
Parallel lines 39 55
Perpendicular lines 25 35

As further revealed in Table 4.16, learners frora tigerian subsample obtained
lower mean scores than their South African peersréspect of each of the
terminological concepts associated with the geametncepts of lines and angles in
the TPGT. This means that South African learnerd batter knowledge of the
terminology associated with the geometric concdptines and angles than their

Nigerian counterparts.

In the next section, ‘other results’ from selectietns in the TPGT that allowed for
the comparison of participants’ knowledge of bagometric terminology with their
international peers are presented. Also includedhin ‘other results’ is the item

analysis of students’ responses to the TPGT.

45 Other Results from the TPGT

As was stated in section 3.4.1.1 of Chapter Thtem 19 on the TPGT was adopted
from the 1995 TIMSS' test item number O03, whilemis 36 and 51 were adopted
from Usiskin’s (1982) entering geometry test iteamibers 10 and 13, respectively.
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The reason for adopting these items was also ewgalain that section. Since the
original tests from which these items were adoptedided options with five foils (A
— E), minor changes, such as juggling the optiars r@ducing the number of foils,
were made so as to conform to the four-foil forms¢d in the TPGT. Although the
entire TPGT test is presented in Appendix 3.A, pth@ three items adopted are
reproduced here in Figure 4.1 for ease of reference

Question 19 Question 36 Question 51
In this figure, lines P and Q arq Lines m and n are parallell] What is the area of the
parallel. Two angles whosq{ What is the measure of thl triangle shown belo®
measures must add up to 28{ angle marked %

are
1 X 15
A2 P 9cm cm
3
n

130 12cm
. 576 Q A. 36 cm sq.
) v B. 54 cm sq.
A. 2and4 g ?18 C. 108 cm sq.
B. 4and5 C. 50 D. 1620 cm sg.
C. 5and7 D. 130
D. 2and 8 '

@) (b) (©)

Figure 4. 1Selected items in the TPGT for international corigmar of students’ scores

451 Performance in the TPGT for selected items

The percentage of learners who chose the corresteas to items 19, 36 and 51 in

the TPGT in each of the participating schools walswiated and the results compared
with those of the original studies (see section).4fr items 36 and 51, an item

analysis was conducted in order to determine plessilisconceptions in participants’

responses. The source of information about studpatormance on item 19 did not

include an item analysis of participants’ respongese Brombacher, 2001).

Consequently, only the overall percentage scorgmuicipants were compared in the
present study.

Performance on item 19 In the original TIMSS study conducted in 1995e¢ th
international figure for the percentage number aftipipants who answered this
question (Figure 4.1a) correctly was 44.5%, whi@5% of the South African
subsample in that study answered it correctly. Néghas never participated in any

TIMSS. In the present study, 27% of the Nigeriahssumple and 51% of the South
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African subsample answered this question corredibble 4.17 summarizes these

results.

Table 4. 17Percentage correct for item 19 in the TPGT adofytad TIMSS 1995

1995 TIMSS study Current study
% correct % correct South % correct NS % correct SAS
international Africa (Nigeria) (South Africa)
44.5 20.5 27 51

As indicated in Table 4.17, although the Nigerialsample in the present study
performed 6.5% above the South African 1995 TIM$&8sample, it nevertheless
performed 17.5% below the international figuretfoe 1995 TIMSS study for item 19
in the TPGT. Although it is difficult to determivéhether the samples (that of TIMSS
and those of the current study) are comparable,iéley{2001) analysis of the TIMSS
study’s populations, however, indicates that thisgtion (Figure 4.1 a) was answered
by a cohort of eighth-graders in the TIMSS studyisTimplies that at an international
level, learners from across grades 10-12 of theeiNig subsample in the current
study performed below grade 8 learners in the IB®&SS study on item 19 of the
TPGT.

Although for item 19 the South African subsamplethie current study performed
30.5% and 6.5% above the South African TIMSS sulpdamand the international

figure for the 1995 TIMSS study respectively, thgure (51%) does not necessarily
indicate an impressive performance, given the tlzat this question can be correctly
answered by about 44.5% of eighth-graders. Focusinghe current study, more
South African learners (51%) than Nigerian learr(@®&%) correctly answered item
19 in the TPGT. These results only reiterated anoee the recurrent theme in this
chapter, which is that, even although both the Négeand South African subsamples
in this study had a rather weak knowledge of bagometric terminology, the

performance of the Nigerian subsample was consigterfierior to that of their South

African peers in this learning area.
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Performance on items 36 and 51For ease of reference in this section, Usiskin's
(1982, p.150) sample for the “Entering Geometrydgti Test”, which was made up
of high school U.S learners, is referred to asBesample, while the sample in the
present study is referred to as the TPGT sample. arfalysis that follows does not
necessarily assume the comparability of these ssrimtyond the simple facts that
the majority of the learners in both samples wesaghly within the same age
brackets (14-17 years for the EG sample and 15ea8syfor the TPGT sample), and
that many of them had been taught high school gagns the senior phase of

secondary education (see Usiskin, 1982).

In Table 4.18, the percentage of students fromB&eand the TPGT samples who
chose a particular option (A, B, C or D) are intechfor both items 36 and 51. The
percentage with the correct choice is made bolduikrlined.

As is evident in Table 4.18, the percentage corf@citem 36 was 30% in the EG
sample, while it was 35% and 58% in the Nigeriam &8outh African TPGT
subsamples, respectively. This indicated that BesBmple performed 5% below the
Nigerian TPGT subsample and 28% below the Soutlcddr TPGT sample. Table
4.18 further indicates that many students in eddhedsample groups chose option D
as the correct answer to item 36. Given that bylyaqyp the concept of a straight
angle, the value ot (Figure 4.1b) could be determined by using any ceries of
terms such as corresponding angles, vertically sipp@ngles, alternate angles and
co-interior angles, students’ poor response to tjuestion indicated that these
learners either lacked conceptual understandinthese terms or simply could not

operate beyond one line of reasoning.

As with the EG sample, learners in the presentyspaiformed rather poorly on item
51 of the TPGT. Table 4.18 indicated that the petage correct for item 51 was 24%
in the EG sample, 23% in the Nigerian TPGT subsangsld 25% in the South
African TPGT subsample. Although the percentagdopeiance on item 51 was
generally poor for all the sample groups, the SoAthican TPGT subsample
performed 1% above the EG sample and 2% aboveitjezitin TPGT subsample. As

indicated in Table 4.18, the majority of the leasn@én each sample group chose
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option A as the correct answer to item 51. This Moseem for me a case of
misconception about the geometric concepts of arehperimeter — most of these
learners simply summed up the given values foisttles of the triangle (Figure 4.1c)
as the area of the right-angled triangle.

Table 4. 18ltem analysis for items 36 and 51 in the PTGT

ltem | Choice Percentage with choice
EG sample| TPGT sample (N§) TPGT sample (SAS)

A 22 10

36 B 16 7

C 30 35 58

D 37 27 25

Blank 0 0 0

A 43 42 57

51 B 24 21 25
C 11 20

D 15 13 10

Blank 0 1 0

While the two questions (items 36 and 51) mightcdoasidered too few for any
meaningful conclusion to be drawn about how leanerthis study compared with
their international peers in terms of their knovgedf basic terminology/concepts in
high school geometry, what emerged from the aboadyais was that, as with the EG
sample, the participants’ performance was notfeatiary. The results of this study in
respect of these two items were, therefore, candisvith those of Usiskin (1982,
p.69) when he concluded that “on an absolute staeperformance [of U.S learners
on the EG test] cannot be considered satisfactdry'the next subsection, an item

analysis of participants’ responses to the entR&T is provided.
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4.5.2 Item analysis of participants’ responses ttne TPGT

Although an item analysis was done for participargsponses to the TPGT at each
grade level in each of the participating schootdy @n overview of the results of this
analysis is presented in this section. For a mamprehensive view of the item
analysis, reference should be made to Appendix13-8).pp.31-38. The first part of
this analysis provides information about the numioérstudents within given

percentage ranges of scores in the TPGT.

Students’ unimpressive performance in the TPGT tm&soeven more evident as one
looks at the number of students within percentagages of scores. Simple

calculations from Table 4.19 indicate that of thgeé¥ian subsample, only 13 learners
(19%) scored 51% or over, while 56 learners (81%0rexd 50% or less, with the

majority, 24 learners (35%), scoring between 31% 40%. In relative terms, South

African learners performed better than their Nigercounterparts in the TPGT. By

similar calculations, Table 4.19 indicates thattleé South African participants, 22

learners (31%) scored 51% or over, while 50 lear(@9%) scored 50% or less, with
the majority, 26 learners (36%) scoring between 41fth 50% in the TPGT.

At grade levels, Table 4.19 shows that no learnemfgrade 10 of the Nigerian
subsample scored over 60%, and that 4 learnersfeathgrades 11 and 12 scored
over 60% in the TPGT. For the South African subdammo learner in grades 10 and
11 scored over 60%, while 10 learners in gradecb2esl over 60% in the TPGT. No
learner in either subsample scored 91% or over.

Given that all of the items in the TPGT deal witle most basic of geometry facts and
concepts requiring only straightforward applicaionf terminology, these are
disturbing results. Usiskin (1982, p.87) draws milsir conclusion about American
school children’s knowledge of geometry when hetegrithat “many students leave

the geometry course not versed in basic terminotogyideas of geometry”.
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Table 4. 19Number of students within percentage range of sicotlee TPGT

Score (%) Number scoring
Grade 10 Grade 11 Grade 12 All learners
NS | SAS NS SAS NS SAS NS | SAS
1-10 0 0 0 0 0 0
11-20 1 0 0 0
21-30 8 0 8 2 1 18 3
31-40 7 7 7 11 10 3 24 21
41 - 50 4 13 5 8 3 5 12 26
51 - 60 1 4 0 3 4 5 5 12
61-70 0 0 1 0 1 3 2 3
71-80 0 0 1 0 2 5 3 5
81-90 0 0 2 0 1 2 3 2
91 -100 0 0 0 0 0 0 0 0
Total 21 24 24 24 24 24 69 72

Item analysis Although the learners’ performance in the TPGTBwan average, not
impressive, an item analysis of their responses eoasidered necessary to reveal
their strengths or weaknesses, and in some casesibfe misconceptions in
geometry. As was stated earlier, an item analyais provided for only a few selected
items in this data narrative — the complete itenalgsis for the TPGT being in
Appendix 3.D.1-8, pp.31-38. There was no specitdran for selecting these items
other than the simple fact that participants pentx either very well or very poorly
at them. Some of the items that elucidated possshlielents’ misconceptions in

geometry were also accorded a special mention.

No item in the TPGT was correctly answered by ®@% of the learners from the
Nigerian subsample (see Appendix 3.D.1, p.31). l@f Nigerian participants, three
items (22, 41 and 44) were correctly answered 8 8D the learners; one item (32)
was correctly answered by 75% of the learners,can@dother item (27) was correctly
answered by 70%. No other item was correctly anssvey 70% of the learners from

the Nigerian subsample. Although the learners floeNigerian subsample tended to
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perform relatively better on items dealing with niémology associated with the
concept of triangles and quadrilaterals (see Chdrtin section 4.4.1), items dealing
with the geometric concept of a right angle (22 &7 proved to be among the
simplest for the majority of the learners. ltemd48, 26, 31 and 54 in the TPGT were
among the least correctly answered by a large riajof learners from the Nigerian
subsample. Of the Nigerian participants, only 28%%6, 14%, 19% and 24% of the
learners, respectively, correctly answered thesmst Students’ choices on these
items revealed some possible misconceptions abenidic geometric concepts in

both the Nigerian and South African subsamplesdllireturn to this issue shortly.

Although the performance of the South African suiyske in the TPGT was, like that
of their Nigerian counterparts, generally speakmug impressive (see Table 4.1 in
section 4.2.1), their performance on some of them#& was, however, quite
encouraging. For the South African participantgréhwere in all 10 items that were
correctly answered by over 70% of the learnersfatit, one of the items (22) was
correctly answered by 96% of the learners and téh@roitems (27 and 32) were
correctly answered by 89% of the learners. Otlend that were correctly answered
(item number followed by percentage of learnershided items 41 (86%), 44 (81%),
8 (79%), 4 and 16 (76%), 25 (74%), and item 28 (Y 1% other item was correctly
answered by 70% or more of this group of learn&ise results as reported here
support those reported in section 4.4.1, thathat South African learners in this
study had a better knowledge of the geometric teoiogy associated with the
concept of lines and angles than that associatédthé concepts of circles, triangles
and quadrilaterals (see Chart 4.4 in section 4.4Thgir performance on items
dealing with the geometric concept of angles, paldirly right angles, was better than
their performance on items that dealt with the emicof lines, especially
perpendicular lines (see their performance on it@&sl18 and 31, Appendix 3.D.5,
p.35). As with the Nigerian subsample, items 1, 2@,31 and 54 were among those
to be least correctly answered by a large percermaouth African learners. Among
the South African learners, only 19%, 39%, 15%, 3a%d 29%, respectively,
correctly answered these questions. An illustraéigalysis of students’ responses to
these five items was done so as to elucidate puossible misconceptions about the

geometric ideas informing the questions.
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lllustrative analysis of items 1, 18, 26, 31 and 54

Item number 1: This question required the learners to statentirae of the straight

line that joins any two points on the circumfereméea circle. 42% of the learners
from the Nigerian subsample answered that it wdmmneter (option B), and another
19% said it was a radius (option C). (See AppergiD.1, p.31 for percentages of
learners choosing other options.) Within the Soithcan subsample, 33% of the
learners said it was a diameter (option B) andlarod7% said it was a radius (option
C) (see Appendix 3.D.5, p.35). The evidence thatseh learners hold the
misconception that a line that joins any two poimtsthe circumference of a circle is
called a radius was revealed when their respomsigsrh 10 — the visually presented
version of item 1 — was analysed. 32 % of Nigeri@arners and 44% of South
African learners responded that line OD (the radiuithe circle), represents a chord
(see item 10 of the TPGT). These patterns of respaould also be interpreted to
mean that the learners did not understand whateigninby the circumference of a

circle.

Iltem numbers 18 and 31 These were a pair of visually and verbally présdritems

in the TPGT that tested learners’ knowledge of eedicular lines (see Appendix
3.A, p.13 for the contents of these items). Iltemwisgs a visually presented item,
while item 31 was a verbally presented one. Fomite8, 36% of the Nigerian
subsample and 31% of the South African subsamptsectoption B — a pair of
parallel lines — as two lines that are perpendicui@r item 31, 49% each of the
Nigerian and South African learners answered thatlines that are perpendicular to
each other are also parallel to each other (oo his is a clear case of conceptual
misunderstanding of the concept of perpendiculaiityere were several other cases

of this nature.

Iltem number 26: This was the item that was incorrectly answergdhe greatest
percentage of learners in both the Nigerian andttSddrican subsamples. This
question required the learners to indicate the munmdd sides and diagonals in a
triangle. 77% of Nigerian learners and 71% of Soifhican learners answered that
there are 3 sides and 3 diagonals (option A). Tdgated that these learners lacked
a conceptual knowledge of the diagonal. Similadifigs were earlier reported by
French (2004), when he stated that many students the misconception that a
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triangle has 3 sides and 3 diagonals, while a ngt@ahas 4 sides and 0 diagonal — the
learners apparently counting the number of slogidges as diagonals (see Chapter
Two, section 2.7.3.1).

Item number 54: This item required the learners to identify alsga triangle among
four triangles in which the measures of the anglege indicated. 48% of Nigerian
learners and 36% of South African learners answénatithe triangle whose angle
measures were 30°, 120° and 30° is a scalenelt&iafigese responses indicated not
only that these learners were unfamiliar with thent ‘scalene triangle’, but also that

they lacked a conceptual understanding of the eédesdriangle.

The foregoing analysis has revealed that parti¢gpanthis study did not only have
inadequate knowledge of many basic geometric tebus,also held a number of
misconceptions about the correct usage of thesestdn particular, responses of the
type just explained indicate that these learneasaeed about many geometric shapes
as a whole without attending to their propertiebjol is typical of van Hiele level 1

thinking.

4.6  Chapter conclusion

In this chapter, students’ responses to the TPGTe vemalysed and the results

interpreted. The major findings include the follogi

* The overall percentage mean score obtained byallearners on the TPGT was
44.17%. This mean was considered unsatisfactomygngithat the items that
constituted the TPGT were largely of a van Hieleelel nature. These items dealt
with the simplest of geometry facts and conceptat thequired only
straightforward applications of terminology. Thenclusion was reached that
learners in this study had an inadequate knowledfebasic geometric

terminology.

» Learners from the South African subsample performigadificantly better than

their Nigerian peers on the TPGT. There was assizdily significant difference
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in the mean scores of South African learners (&&)8%nd the Nigerian
subsample (40.49%) in favour of the former at tl@5@onfidence level. With the
difference in the mean scores, the conclusion veashed that the Nigerian
subsample in this study had a weaker understandihgoasic geometric

terminology than their South African counterparts.

At grade level, learners from the Nigerian subsanggpear to add little to their
repertoire of geometric terminology as they progrgem grade 10 through 12.
Evidence in support of this claim came from theseless of the mean scores
obtained by grade 10, 11 and 12 learners in theTTPG

South African grade 10 learners obtained a highesmrscore than their grade 11
peers in the TPGT. Grade 12 South African learokarly outperformed learners
from both grade 10 and 11. The conclusion was eshdhat grade 10 South
African learners had a better knowledge of basanggric terminology than their

grade 11 counterparts in the study.

South African grade 10 and 12 learners performephificantly better than
Nigerian grade 10 and 12 learners in the TPGT. difference in mean scores of
Nigerian grade 11 learners and South African gribdearners in favour of the
former was not statistically significant. The cargibn was reached that South
African learners in this study had a better knogkedof basic geometric

terminology than their Nigerian peers at each gtadel.

There was a significant difference between the nszames of the male learners
(48%) and that of the female learners (41%) atQi¥ level in favour of the
former in the TPGT. It was concluded that in thigdy, male learners had a better

knowledge of basic geometric terminology than themnale counterparts.
At school level, male learners from the Nigerianbsample performed

significantly better than their female counterpassthe male mean score (45.8%)

was significantly greater than the female meanes¢84.4%) at the 0.005 level.
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The conclusion drawn was that Nigerian female lermvere conceptually poorer

in their knowledge of basic geometric terminologgr their male counterparts.

At school level, the difference between the measresof South African male
learners (50.8%) and that of their female peers6@3 was not statistically
significant (p > 0.05). It was concluded that Sowutfrican male learners’
knowledge of basic geometric terminology was ngh#icantly better than that of

their female counterparts.

In this study, South African female learners perfed significantly better than
comparable Nigerian female learners in the TPGThdlgh South African male
learners obtained a higher mean score (50.8%) tarNigerian male learners
(45.8%) in the TPGT, the difference in the meanresgovas not statistically
significant (p > 0.05). The conclusion was reackigat male learners from the
South African subsample were not significantly &@ethan their Nigerian peers in

terms of their knowledge of basic geometric terriugg.

There were high positive correlations between pigdnts’ ability in verbal
geometry terminology tasks and their ability inndasgeometry terminology tasks.
For the Nigerian subsample, the correlation coieific calculated for these two
forms of geometry terminology tasks was r = 0.83d &or the South African
subsample, it was r = 0.63. Both correlations wertend to be significant at the
0.001 level. The conclusion reached was that fdigdpants in this study, learners
who knew the correct verbal description of a geoimmetoncept also had the
correct visual image associated with the conceapt,\ace versa. That is, success
in verbal geometry terminology tasks implied susces visual geometry

terminology tasks for the cohort of learners irs thiiudy.

In this study, learners had a better knowledgeeoiggtric terminology associated
with the geometric concept of lines and angles tfai@rminological concepts of
circles, and triangles and quadrilaterals. Of thmponents of a circle, learners
were most familiar with the concept of a diametehjle the concept of a radius

was the least known. Of the items in the TPGT tésted learners’ knowledge of
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sub-concepts of triangles and quadrilaterals, ttiei@de of a triangle was among
the concepts in which participants obtained théghést mean scores. Line of
symmetry in triangles was an unfamiliar term to thajority of the learners. Of
the terminology associated with the geometric cphoélines and angles, the one
most popular with the learners in this study wasdbncept of a right angle, while
perpendicular lines and complementary angles wareng those least correctly
identified.

» For terminology associated with the three concegtsircles, triangles and
quadrilaterals, and lines and angles, the Nigesidosample obtained a mean score
(40%) equal to that of their South African countatp on the concept of circles,
but obtained marginally lower mean scores on theerotwo concepts. The
conclusion was reached that learners from the MNigesubsample performed

marginally lower than their South African peerstbase three concepts.

» Two of the several misconceptions held by learmerthis study as revealed by
their responses to the TPGT were that the radiwsaifcle is called a chord, and
that two lines that are perpendicular to each atineralso parallel. The latter was
a clear case of a basic misunderstanding of theepis of perpendicularity and

parallelism.
These results as reported above were found totmstent with those of many earlier

studies. In the next chapter, participants’ resperte the GIST are analysed and the

results interpreted and discussed.
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CHAPTER FIVE

DATA ANALYSIS, RESULTS AND DISCUSSION 2: THE GIST

5.1 Introduction

In this chapter, the Geometric Item Sorting TedlS(3J is examined separately with
minimal reference to its possible connections wih Hiele levels, for the purpose of
making an in-depth analysis of students’ perforneant the test. In Chapter 8,
learners’ performance in the GIST and other testoirelated with their performance
in the VHGT in order to determine a possible relaship. The first part of this
chapter provides a quantitative analysis of stuslepérformance in the GIST by
examining their mean scores. The second part peevad more incisive qualitative
analysis of learners’ responses to the GIST throaghitem-by-item exploratory
analysis. Recall that 36 learners participatedhan &IST. The reason for involving
only 36 learners and the selection criterion weqglaned in Chapter Three, section
3.3.4.1.2, paragraph 5. The analyses of studeatfdmnance on the GIST were based

on the responses of these 36 learners.

5.2 Overall Participants’ Performance in the GIST

Students’ general performance in the GIST was de=trin terms of the overall
participants’ percentage mean score obtained fert#st. The overall percentage

mean score obtained by the participating learrmarthe GIST was 40.19%.

Item 1 of the GIST was allocated 60 points out tdtal of 105 points (see Appendix
4.C, p.49), and it required participants to give ttorrect names of the geometric
shapes represented by the 30 concept cards otigariangles and quadrilaterals, and
to state their properties (see section 3.4.1.2tap@er Three). Given the high points
allocated to item 1 of the GIST and the fact thatrelearners who reason entirely at

van Hiele levels 1 and 2 could be successful is téigk, the participants’ mean score
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as stated above was considered unsatisfactory. iBhabn the whole, learners’

performance in the GIST was poor.

5.2.1 Performance of Nigerian and South African le@ers in the GIST

The mean scores obtained by learners from the Migeubsample (i.e. NS) and the
South African subsample (i.e. SAS) in the GIST weakeulated separately for each

of the participating schools. The results are sunmed in Table 5.1.

Table 5. 1School percentage means for learners in the GIST

School | N | Mean score| Std Dev| t-value df pvalue
NS 18 36.94 14.45 -1.33 34 0.1932
SAS 18 43.44 14.92

As indicated in Table 5.1, the mean score (43.4dP4he SAS learners in the GIST
was higher than the mean score (36.94%) obtainetbdoyiers from NS. A test of
significance indicated that the difference betwgenmean scores of these two groups
of learners was not statistically significabt=(-1.33, 34if, p > 0.05). That is, South
African learners in this study did not perform sigrantly better than their Nigerian
peers in the GIST.

As indicated in the preceding section, a learneo vasponded correctly to item 1 of

the GIST should have scored at least 57%&%2&00) in the test as a whole. This

-

being the case, the mean scores obtained by Isafireen each of the participating
schools in the GIST were considered evidence af tweak knowledge of school
geometry. That is, the majority of these learneeyewnot even able to correctly
identify each of the 30 concept cards of triangdesl quadrilaterals and list their
properties. This is an indication that a large prtipn of the learners were only able
to reason about the geometric shapes in the GlS@raHiele levels lower than level
2.
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5.2.2 Gender differences in performance in the GIST

Students’ performance on the GIST was further ewrathifor possible gender
differences. This was done by comparing:

* The male mean score with the female mean scork thiegparticipants.

* The male mean score with the female mean scoteedfligerian subsample.

* The male mean score with the female mean scoteedbouth African subsample.
» The Nigerian male mean score with the South Africele mean score.

» The Nigerian female mean score with the South Afrifemale mean score.

5.2.2.1 Mean scores in the GIST of all participariig gender

As indicated in Chart 5.1, there was a differergi@hder performance in the GIST in
favour of male learners. On average, male leamigt@dned marginally higher scores,
achieving a mean score of 44%, than female learmein® had a mean score of
approximately 37%. These mean scores reinforcgdit made earlier on that the
male learners in this study consistently outperfintheir female counterparts (see
Chapter Four, section 4.2.5.1, last para.).

50 7
40 &

30

20

Mean score (%)

10 |

Male Female
Gender

Chart 5. 1 Gender difference in mean scores in the GIST

A test of significance indicated that the differerietween the male and female mean

scores was not statistically significamnt=1.54, 34if, p > 0.05), as shown in Table
5.2.
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Table 5. 2Mean scores of learners in the GIST by gender

Gender | N | Meanscore| StdDev, t-value df pvalue
Male | 16 44.38 16.22 1.54 34 0.1327
Female | 20 36.85 13.11

Table 5.2 reveals that although the male learnetaimed a higher mean score for the
GIST than the female learners, the performancé@fmale learners was in general
not significantly better than the performance of fiemale learners. These results
were found to be consistent with those of Schaf@G03) study in South Africa, in
which in a Hands-on Activity test (HAT) similar tbe GIST, “the males [in Schéfer’s
sample] performed better than the females in etesk” (p.179), but “the statistics
available do not reveal meaningful gender diffeesic(p.153). In fact, as stated
earlier, the male learners outperformed their fenmders in all four tests (VHGT,
TPGT, GIST and CPGT) used in this study, as welinatheir school mathematics

examination for the study year (i.e. 2006).

5.2.2.2 Mean scores in the GIST of the Nigerian sample by gender

Analysis of the scores of learners from the Nigesabsample in the GIST showed
that there was a difference between the male meare £40.67%) and the female
mean score (33.22%) in favour of the formert-#est however, indicated that the
difference between the mean scores was not staligtisignificant p > 0.05). The

results are summarized in Table 5.3.

Table 5. 3Mean scores in the GIST of Nigerian learners bydgen

Gender | N | Meanscore| StdDev, t-value df pvalue
Male 9 40.67 16.16 1.09 16 0.2877
Female | 9 33.22 12.31
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As evident in Table 5.3, the Nigerian male learngics not obtain a significantly

higher mean score than their female peers in tf&®TGlt is noteworthy to observe
that Nigerian male and female learners obtainednnseares on the GIST that were
respectively lower than the male and female meanescfor the study sample (see
Table 5.2). This provides support for the claimttBauth African learners performed

(marginally) better than their Nigerian counterpagported earlier in section 5.2.1.

5.2.2.3 Mean scores in the GIST of the South Afiicaubsample by gender

As with the Nigerian subsample, the male learnemnfthe South African subsample
(i.e. SAS) obtained a marginally higher mean s¢d814%) than their female peers
whose mean score on the GIST was approximately238.8he difference between
the mean scores was, however, not statisticallyifesggnt (p > 0.05), as indicated in

Table 5.4. This means that South African male lenlike their Nigerian peers, did

not perform significantly better that their fematsunterparts in the GIST.

Table 5. 4Mean scores in the GIST of South African learngrgdnder

Gender | N | Meanscore| StdDev, t-value df pvalue
Male 7 49.14 16.20 1.32 16 0.2053
Female | 11 39.82 13.56

Comparing male and female mean scores in TablaevBtvthe respective male and
female mean scores in Table 5.2, one observeshth&outh African male and female
mean scores were higher than those of the studplearfhis further underlines the
point made earlier in sections 5.2.1 and 5.2.2a2 8outh African learners performed

marginally better than the Nigerian subsample ex@iST.

5.2.2.4 Mean scores in the GIST by male gender

The mean scores obtained by the Nigerian and Safritban male learners on the

GIST were calculated for learners in each subsarfige NS and SAS). The mean
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score calculated for the male learners in the Nagesubsample was 40.67%, while
the mean score calculated for the South Africanentedrners was 49.14%. tAtest
(Table 5.5) indicated that the difference betwdenrhean scores was not statistically
significant @ > 0.05). This means that South African male learrid not perform

significantly better than their Nigerian internaté peers in the GIST.

Table 5. 5Mean scores in the GIST by male gender

School | N | Mean score| Std Dev| t-value df pvalue
NS 9 40.67 16.16 1.04 14 0.316
SAS 7 49.14 16.20

5.2.2.5 Mean scores on the GIST by female gender

As with the male learners, South African femaleneses obtained a marginally higher
mean score (39.82%) than the Nigerian female |lesyméno obtained a mean score of
33.22% in the GIST. Atestanalysis, however, indicated that the differenetvieen
the mean scores of these two groups of learnersnaiastatistically significantp(>
0.05). This means that female learners from SAShdidperform significantly better
than female learners from NS in the GIST. The tesare represented in Table 5.6.

Table 5. 6Mean scores in the GIST by female gender

School | N | Mean score| Std Dev| t-value df pvalue
NS 9 33.22 12.31 1.13 18 0.274
SAS | 11 39.82 13.56

5.3 Exploratory Qualitative Analysis of Learners’ Responses to the GIST

In the preceding sections of this chapter, inforamaabout participants’ knowledge of
school geometry was provided through the analysiearners’ mean scores for the
GIST. As was stated in section 3.4.1.2 of Chaptee&, the GIST consisted of five
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interrelated geometry tasks. Each of these tasks designed in such a way that
learners’ responses could be interpreted in relatoone or more of the van Hiele
levels. Consequently, a more incisive exploratoeyniby-item analysis of learners’
responses was necessitated, and this is the fdctlseanext few sections in this

chapter.

5.3.1 Learners’ responses to Task 1 of the GIST

As stated in section 3.4.1.2 of Chapter Three,tdsk required the learners to identify
each of the 30 geometric shapes by stating theectoorrames of the shapes. Each
learner was also requested to justify his/her ngrbiy stating a reason for the name

given to each shape. Table 5.7 represents thasesul

As evident in Table 5.7, there were a lot of ingstesicies in students’ ability to

correctly name the various shapes in this taskk laicconceptual understanding in
geometry became evident as many of the particidamts both the Nigerian and the

South African subsamples seemed able to recogh@pes only in some basic or
standard orientations. As indicated in Table Shree¢ of the shapes in the park of
shapes used for the GIST were rhombuses (shapelN®snd 13). With reference to
the number written on the cards, shape No. 1 wasepted in the more basic
orientation than shape Nos. 9 and 13, as illustraté-igure 5.1.

Although 8 learners (44%) from the Nigerian subskempere able to identify shape
No. 1 as a rhombus, only 4 (22%) of them were sssfakin identifying No. 9 as a
rhombus. Similarly, 12 learners (67%) from the Soiitrican subsample were able to
identify shape No. 1 as a rhombus, but only 8 (4d%4hem succeeded in recognizing
shape No. 9 as a rhombus. This lack of conceptilifyato recognize rhombuses in
different orientations was also evident in the eas’ identification and naming of
other shapes, as can be seen from Table 5.7. &iindings had earlier been reported
by Mayberry (1983, p.64), where in the U.S. some-g&rvice elementary teachers

“had difficulty in recognizing a square with a ntarsdard orientation”.
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Table 5. 7Students who named shapes correctly and statesbthect reason

Shape Name of shape No. correctly naming No. stating correct
No. shape reason
Nigeria S/Africa Nigeria S/Africa
(n=18) (n=18) (n=18) (n=18)
1 Rhombus 8 12 0 1
2 Isosceles trapezium 10 14 0 0
3 Rectangle 16 17 2 6
4 Obtuse-angled scalene triangle 15 16 4 6
5 Rectangle 6 9 6
6 Square 16 18 3
7 Isosceles trapezium 12 13 0 1
8 Kite 10 10 2 0
9 Rhombus 4 8 0 2
10 Isosceles triangle 16 16 11 12
11 Parallelogram 14 12 1 3
12 Equilateral triangle 17 17 7 9
13 Rhombus 5 11 0 2
14 Isosceles triangle 17 14 5 9
15 Rectangle 17 18 3 9
16 Isosceles trapezium 11 13 0 0
17 Rectangle 15 16 1 6
18 Equilateral triangle 18 15 8 5
19 Rectangle 9 10 1 5
20 Right-angled trapezium 9 9 0 0
21 Right-angled isosceles triangle 17 16 7 7
22 Right-angled isosceles triang|e 16 15 8 7
23 Square 12 17 1 4
24 Right-angled isosceles triang 16 16 9 10
25 Parallelogram 12 11 1 6
26 Right-angled trapezium 5 6 0 0
27 Scalene triangle 13 13 9 9
28 Kite 10 10 2 1
29 Parallelogram 12 12 0 6
30 Right-angled scalene triangle 16 13 7 8
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Figure 5. 1Rhombuses in different orientations

Table 5.7 further indicates that more students name shapes than state the
properties of shapes. For example, although 8 éearfrom the Nigerian subsample
were able to name shape No. 1 as a rhombus, nongheofi could state its
distinguishing properties. Similarly, only 1 out thie 12 South African learners who
correctly named shape No. 1 as a rhombus was aldertectly state its properties.
This seems to link up with the hierarchical propest the van Hiele levels (see
Chapter Two, 2.8.1).

The use of imprecise properties for describing ghapes was common among the
learners. The majority of the learners describedstiapes entirely by the property of
sides while neglecting their angle properties. Erample, all 8 of the Nigerian
learners who correctly identified shape No. 1 dscanbus used only the side property
to justify their naming: “It is a polygon havingupequal sides”; “It has four equal
sides”; “Four sides are equal” and so forth. Amtmg South African learners, only 1
out of the 12 that correctly identified shape N@sla rhombus made use of both side
and angle properties to justify his naming: “leigjuad with 4 equal sides, angles are
not right angles”. The rest, like their Nigerianuoterparts, focussed exclusively on
the property of sides: “It has 4 equal sides, s{fimieskewed) square”; “4 equal sides
are equal and it is the same as square but ite5dqtar skewed); “It has four equal
sides”; “It is like a square (a square has 4 egigds) but skewed”, and so forth. In
fact, students’ inadequate knowledge of geomeé&iminology reported in Chapter
Four resonated with some of the learners’ respots#isis task. As with item 26 in
the TPGT, in which the learners’ lack of conceptaabwledge of the diagonal was
evident (see Chapter Four, section 4.5.2, 3rddasd.), two grade 10 learners (both

from SAS) who had correctly named shape No. 1 d®mbus gave such reasons as
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“It is a polygon having four diagonal equal sidesid “it has four diagonal sides
equal”’. Responses such as these, for me, areazeas of either the imprecise use of
geometric terminology or a lack of conceptual ustlerding of the concept of the
diagonal — with the learners thinking that evegnsihg edge of a shape is a diagonal
(see French 2004).

There was no student (Nigerian and South Africanrers alike) who used more than
one attribute of a shape in naming the shape. Rstamce, right-angled isosceles
triangles (shape Nos. 21, 22 and 24) were eitheredaas “isosceles triangle” or
“right-angled triangle” by learners who named theworrectly, with the majority

showing preference for the former name. In sharty @ learners (1 Nigerian and 1
South African) named these shapes as “right-angl@tgle”. About half of the

learners simply referred to these shapes (and dadlifarent triangles) as simply

“triangles”.

This manner of naming shapes by reference to aibwte of the shape was absent
with regard to quadrilaterals. None of the learnesed such words as “right-angled
trapezium” (shape Nos. 20 and 26) or “isoscelgsezaim” (shape Nos. 2, 7 and 16)
even when they used straightedges and protracioestablish these attributes. The

learners simply called them “trapezium”.

Even given the common patterns in participantspoeses described above, there
were some elements in their responses to Task theofGIST that allowed for
comparison of the two subsamples. At a comparétivel, more of the South African
learners were successful in this task (identifyamgl naming shapes) than learners
from the Nigerian subsample. As evident in Tablé, Shere were only 7 shapes
(shape Nos. 11, 14, 18, 21, 22, 25 and 30) thaemidgerians named correctly than
South African learners. More South African learraygrectly named 15 of the shapes
(shape Nos. 1, 2, 3,4, 5,6, 7,9, 13, 15, 1619723 and 26) than Nigerian learners.
An equal number of Nigerian and South African lessncorrectly named 8 of the
shapes (the shaded ones in Table 5.7). It shouttesl, however, that for each shape
named correctly by more South African learners tNagerian learners, the difference
in the number of learners from both subsamples wdreectly named the shape was

negligible. For example, in the case of the fivetaagles (shape Nos. 3, 5, 15, 17 and
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19), the number of South African learners who attyenamed four of these shapes
exceeded that of their Nigerian counterparts by amle (shape Nos. 3, 15, 17 and
19), but they (the South African learners) did &elty three learners for shape No. 5.
The analysis just given provides support for theults of the quantitative analysis
presented earlier in section 5.2.1, which indicdtet on the whole, South African

learners performed only marginally better than Nayelearners in the GIST.

Initially | did not intend to interview the learreein this study (see Chapter 3, section
3.3.4.2, third last para.). However, during a pnaliary on-site analysis of learners’
responses to the GIST, some of the inconsisterib@swere noticed in learners’
responses prompted me to interview them. As wdedsia section 3.4.1.2 (under the
subtitle “Test Grading”) of Chapter Three, theseiviews were unstructured as the
questions asked were based on the individual I€arneritten responses. These
interviews helped to tease out more informationuatstudents’ misconceptions and
ideas about geometry. Although all 36 learners lwve@ in the GIST were
interviewed, a sample of only 4 learners intervieves selected for reporting in this
narrative. This sample was chosen for the variétggponses the learners concerned
exhibited during the interviews, a variety thatrmeed representative of the entire
subsample for the GIST. These interviews were glort (5 minutes per learner) and

are labelled ‘Interview episode’ 1 through 4.

Interview episode 1: The case of misconception

In the identifying and naming of shapes task (Task 1 of the GIST), Vusumzi, a
grade 12 learner from the South African subsampejed a rhombus (shape No. 1)
as a “square” and gave as reason that “it has émuwal sides”. The following

interview took place:

Researcher: Do you mean that all shapes having éowal sides are
squares?

Vusumazi: Yes.

Researcher: If a shape is a square, what otheepyowould it have apart
from four equal sides?

Vusumzi: All four angles measure 90° each.
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Researcher: Did you measure the angles of shap&™No.

Vusumsi: No.

Researcher: Why?

Vusumzi: | know that as soon as the four sidesadreequal, then the

angles must be 90° each.

This line of reasoning was common among the mgjaftthe learners, while many

others made reference to a visual prototype, aswident in interview episode 2.

Interview episode 2: Reference to a visual prototyg

Asisat, a grade 11 learner from the Nigerian sulpdanhad correctly named shape
No. 1 as a rhombus and shape No. 6 as a squarstalted that “it has 4 equal sides”

as the only reason for both shapes. | interviewsrdak follows:

Researcher: Do you mean that if a shape has fauwal exdes, then it is a
rhombus?

Asisat: No. The shape has to have four equal sidddook like a kite.

Researcher: You gave the same reason [four eqied]sior the rhombus
and the square. How is a square different fromoantbus?

Asisat: A square is like a carpet, a rhombus s dkkite.

Researcher: Is there anything else that you camtelabout the properties
of a square apart from having four equal sides?

Asisat: [Prolonged silence, then shook her headlg]dNo.

Researcher: Ok. But is there anything that you manember about the
angles of a square and a rhombus?

Asisat: Em ...em... am not sure.

Researcher: That's fine. Now tell me, how were yaue that the two
shapes were not both either squares or rhombus?

Asisat: You see, how | used to know them is thatdhe that is like a
carpet is the square, and that one [pointing athbenbus] that

is like a kite | know that it is a rhombus.
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Clearly, Asisat, like many other learners, was ab¢nding to the properties of the
shapes. A shape was what it is called becauseketb like some known shape or
object — typical of van Hiele level 1 reasoningefdwere other students for whom

the orientation of a shape was an important ateiluidentifying it.

Interview episode 3: Reference to orientation of sipe

Kolela was a grade 10 learner from the South Africubsample. This learner
correctly named shape No. 1 as a rhombus, givirgraason: “two opposite sides are
equal”. He also correctly named shape No. 6 asuareg stating that “all four sides
are equal’. The following interview took place:

Researcher:  You said shape No. 1 is a rhombus becaw opposite sides

are equal. What about the other two opposite sides?

Kolela: They are also equal.

Researcher:  But are they equal to the first twessitiat you referred to?

Kolela: Yes, all of them are equal.

Researcher: How do you know?

Kolela: | checked them with this [touching a ruler]

Researcher: So, is it correct for me to say tha ghape has four equal
sides, then it is a rhombus?

Kolela: Yes...but...em...yeah, | think so.

Researcher:  But you called shape No. 6 a squasubecall four sides are
equal’. Can | call it a rhombus?

Kolela: Maybe, but | am not sure [silent]. No, besa a square is
straight, but a rhombus is not.

Researcher: Can you explain what you mean by asdpgng straight?

Kolela: All the four sides are equal, two pointing and the other two
pointing this way [uses his hands to indicate hwrial parallel
lines].

Researcher: Can | then call a rhombus a square?

Kolela: [...l... [Prolonged silence and uneasy expssion his face],

am not sure. But | think there is something abbeirtangles

that | can’t remember.
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Researcher: Yes, talking about their angles, did y@asure the angles of
these two shapes?

Kolela: No.

Researcher: Why?

Kolela: | recognize them when | see them. The suarlike this
[places the square such that two of its sides arigdntal to the
page and the other two sides are pointing veryiogwards],
but the rhombus is like this [places it so as &1 mbliquely on
the page of his worksheet].

Researcher:  Fine. Now look at this. If | place sasiare this way [placing it
on the page so that one of its angles points dowdaswaith the
other angle opposite this one pointing upwardsh, Icstill call
it a square?

Kolela: [Laughs] No, a square will not look likeath

As revealed in the preceding interview with Koledame of the learners, even when
they identified these shapes explicitly by propertiof sides, still allowed the
orientation of the shape (as dictated by the numbédten on the concept card) to
influence their naming. This explains the variaiidn the number of learners who
correctly named similar shapes (e.g. the three btuses in Figure 5.1) in different
orientations. The results here generally link uphwhose of Mayberry (1983), in
which the difficulty experienced by learners in agoising a square with a

nonstandard orientation was evident (see Chapter $action 2.7.3.3).

Interview episode 4: Inadequate terminology

Bulelwa, a grade 12 learner from the South Afrisahsample, correctly named shape
No. 6 as a square, stating that “it has four egqigis and four angles which are equal
to 90°". She, however, incorrectly named shape N@ rhombus) as a square stating
such reason as “it has four equal sides, and twteamore than 90° and two angles
are less than 90°". As was the case with many ddagners, Bulelwa had a problem
with certain terms, and in some cases a conceptisilinderstanding of some

geometric shapes, as was revealed in the ensugnyigw.
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Researcher:  You called both shape Nos. 6 and 9esjuBut you said No. 6
has four equal sides and angles of 90° each, viMule9 has
four equal sides with two angles greater than 9@ tavo other
angles less than 90°. Now, tell me, do differemésiof squares
have different angles?

Bulelwa: No. But the square having 90° angles iaight, and the one
having two angles greater than 90° and two angles than 90°
looks like this [uses her hands to demonstrate skeg].

Researcher: Can we find a name for this seconddi/pguare [the one with
two angles greater than 90° and two angles less 908] that
we can call it?

Bulelwa: | think it has its own name. But | caréimember it.

Researcher: So, why do you call it a square? Whysome other names
like kite, rectangle, etc?

Bulelwa: No. You know, all the four sides are tteme like that of a

square. So, | think | can call it a square.

There was a rather strange conceptual misundeistané the concepts of rhombus
and trapezium by Bulelwa. Looking at her writtespenses, | discovered that she
consistently named each of the isosceles trapezismspe Nos. 2, 7 and 16) a
rhombus, and the two other rhombuses (shape N@ndl113) she simply named
parallelograms. This, for me, was a clear caseoateptual misunderstanding, even

though she attempted naming the shapes using isidargyle properties.

With interviews like the ones exemplified in theepeding episodes, together with
participants’ written responses, it was possibleassign levels to the students in
accordance with the descriptions of the van Hieleels in section 2.8 of Chapter
Two, while also making use of Burger and Shaughyieg4986) descriptors of the

van Hiele levels. This task (Task 1 of the GIST)swhe only task in the GIST (as
with all other tests but the VHGT) for which paipiants were assigned van Hiele
levels because of the markedly visible evidencéheflevels in students’ responses.
Note, however, that the overall assignment of Vel the entire study sample
(which is discussed later in Chapter 7) was basegsults from the VHGT.
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On the assignment of levels, learners who faileddwectly name the shapes were
generally assigned level 0. Those who correctly echthe shapes but could not state
the correct reason, as Asisat did, were assignedHiale level 1. Learners who
succeeded in naming the shapes correctly and atstesded in stating the correct
reason were assigned level 2. Learners who coyreetined the shapes and stated
minimal and sufficient properties as the reasonewerbe assigned level 3, but no
learner in the sample met this condition. This taskBurger and Shaughnessy (1986,
p.43) put it, could not “elicit reasoning beyondvee2” (level 3 for the numbering
scheme used in this study). The number of learimeesch van Hiele level for this

task is shown on Chart 5.2.

10

ONS
4 mSAS

No. of Students

0 1 2 3

Van Hiele Lewels

Chart 5. 2 Learners’ van Hiele levels for Task 1 in the GIST

Chart 5.2 indicates that many students could natindjuish between shapes
belonging to the same class of shapes, typica\a#ll0 reasoning (see Chapter Two,
section 2.8, last para.). Rhombuses in differementations, for example, meant
different shapes to the majority of the learnelse Task of recognizing and stating the
name of a shape (van Hiele level 1) was easier thahof listing the discerning
properties of the shape (van Hiele level 2) for ynbearners. Learners’ inadequate
knowledge of basic geometric terminology, which waported in Chapter Four,
resonated with these results. As indicated on Ch&itonly 15 learners (at level 1)
and 7 learners (at level 2) out of the 36 participdor the GIST possessed the correct

terminology to name the shapes and explicitly sth&r properties. There was no
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learner in the group who evinced understandingcatilie of van Hiele level 3

reasoning in Task 1 of the GIST, as shown on Chart

5.3.2 Learners’ responses to Task 2 of the GIST

The sorting shapes task (i.e. Task 2) consistddreé subtasks that the learners were
required to perform (see Chapter Three, sectiorl2} Many learners — 25 out of
36, representing 69% of the sample group for th8TG+ were able to sort all 30
shapes into two distinct groups — one of trianglad the other of quadrilaterals —
using the property of sides. For example, Kolelar (grade 10 learner for interview
episode 3), would tell someone that “they [the sish@ll have three sides” in order
for the person to pick out a shape that belongsrtup A (his group of triangles) and
that “they [the shapes] all represent four sidesdrider to pick out a shape belonging
to Group B (his group of quadrilaterals). Even tjlounany students sorted the shapes
into two groups of 3-sided shapes (triangles) astldéd shapes (quadrilaterals), only
a few of them, 5 learners each from the Nigeriash #v@ South African subsamples,
were able to use the correct terminology “quadeiiat for the 4-sided shapes. The

results are as summarized in Table 5.8.

Table 5. 8Learners who correctly sorted shapes into groupsasfgles and quadrilaterals

NS (n = 18) SAS (n =18)

No. correctly sorting
shapes into 3-sided 10 15

and 4-sided shapes

No. sorting shapes 9 14
by property of sides

No. stating the Triangles | Quadrilaterals | Triangles | Quadrilaterals

correct reason for

the group of shapes 9 5 14 5

At a comparative level, more South African learn@rs) were successful in the task

of sorting shapes into two distinct groups of tgies and quadrilaterals than Nigerian
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learners (10), as is revealed in Table 5.8. AlsorenBouth African learners (14) than
Nigerian learners (9) were able to state the cometerion (3 sides for triangles and 4
sides for quadrilaterals) for grouping the shafjémre were more learners from the
South African subsample (14) who used the correxhinology “triangle” for the
group of 3-sided shapes than there were from thgerdin subsample (9). These
results offer further support to the findings inapter Four, which were that, on the
whole, learners from the South African subsamplel laa better knowledge of

geometric terminology than their Nigerian counterpan this study.

The sorting shapes task further revealed some im@piomMmisconceptions about
geometric concepts among the learners. There wdear@ers (2 Nigerians and 6
South Africans) in the GIST sample who reasonetlalial-sided shapes were called
“square”. There were 4 other learners (3 Nigeriansl 1 South African) who

reasoned that all 4-sided shapes were called frgltd There was yet another

learner (a Nigerian) who thought that all 4-sidbdpes are called “parallelogram”.

Given the very elementary nature of this task {fask 2 of the GIST) and the grade
levels of the learners, their performance in thisktwas considered unsatisfactory.
Even though learners’ inability to use the cortectminology for the group names for
3-sided and 4-sided shapes may be condoned — gethep had forgotten them —
their inability to correctly sort these shapes imlistinct groups of triangles and
guadrilaterals is in my view inexcusable for a avhaf senior phase high school

learners.

5.3.3 Learners’ responses to Task 3 of the GIST
As stated in section 3.4.1.2 of Chapter Three, Tagkorting by class inclusion of

shapes) required the learners to make a furthéingoof the shapes in within the
groups (groups of triangles and quadrilaterals) srmaller subgroups of shapes that
are alike in some way. None of the 36 participavds successful in this task. All the
students sorted the shapes so as to prohibit cleksions. Rectangles, squares and
rhombuses, for example, were all excluded fromcthes of parallelograms by all the
students who also failed to perceive squares toebingles (or rhombuses). Right-

angled isosceles triangles were excluded eithen fhe class of right-angled triangles
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or from that of isosceles triangles, the studeotsi$§ing on a single attribute. None of
the students sorted the shapes so as to reflegatitern indicated in Figure 3.9 and
Figure 3.10 of section 3.4.1.2 in Chapter 3. Thessults as reported here are
consistent with those of De Villiers (1994, p.1if),which in South Africa, many
students in his study showed a preference for artitipam classification” of

guadrilaterals as against a hierarchical classifina

Even with prohibition of class inclusion, the matpof the learners could not sort the
shapes into distinct classes of triangles and djasehals, as many learners either
omitted members from or included non-members ifaasc Forming distinct classes
of triangle (with class exclusion) proved easiarfany learners than the same task
using quadrilaterals, as indicated in Table 5.9 &able 5.10. With class exclusion,
Tables 5.9 and 5.10 seem to be indicating thahérarfrom the Nigerian subsample
were more successful in this task than learnens five South African subsample.
However, as will be made evident towards the endhf chapter, South African
learners, in general, performed marginally bettanttheir Nigerian counterparts on

this task, as on the other four tasks of the GIST.

Table 5. 9Learners correctly grouping triangles with claselesion

Shape name (shape No.) No. correctly grouping shape
NS (n = 18) SAS (n =18)

Equilateral triangles (12 & 18)
Isosceles triangle (10, 14, 21, 22 & 24)
Right-angled triangles (21, 22, 24 & 30)
Right-angled isosceles triangles (21, 22 & 24)
Scalene triangles (4, 27 & 30)
Acute-angled triangles (10, 12, 14, 18 & 27

O O A O O O O
O O N O O O -

Obtuse-angled triangle (4)
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Table 5. 10Learners correctly grouping quadrilaterals witrsslaxclusion

Shape name (shape No.)| No. correctly grouping shape
NS(n=18) | SAS (n=18

Parallelograms (11, 25 & 29)
Rectangles (3, 5, 15, 17 & 19)
Rhombuses (1, 9 & 13)
Squares (6 & 23)

Kites (8 & 28)

Trapeziums (2, 7, 16, 20 & 26)

= 01w R, W N
S oD O - O

As with task 1, the results from Task 3 of the GiSdicated that the majority of the
learners were yet to attain level 3 in the van élgéometric thinking hierarchy. That
is, the learners were not yet able to perceiver¢taionships between the properties
of a shape and between different shapes (see Chapte, section 2.8). More
importantly, these results provided further evidertbat learners’ knowledge of
school geometry was far from meeting the objectafegeometry teaching in Nigeria
and South Africa as articulated in sections 2.5tArBugh 2.5.2.5 of Chapter Two.
These findings are consistent with those of eadiadies (see Chapter Two, section
2.7.3.5).

5.3.4 Learners’ responses to Task 4 of the GIST

This task revealed a number of imprecise visualitigg that many learners used in
describing the shapes. Reference to visual progstyywas common in learners’
definitions of the shapes: “Rhombuses look likeasgg, but if you look carefully it's
sides are slanting/elevational and all equal”. Mstuglents defined the shapes so as to
prohibit class inclusions, while some others singdye a litany of their properties in
defining them — far from stating minimal propertieonsistent with De Villiers
(1998). The concept of the isosceles triangle aggeto be widely understood, as
about 56% of the learners (10 each from the Nigedad the South African
subsamples) correctly answered that they wouldstatheone to “look for a triangle
with two equal sides” in order to pick out the iseles triangles from among the

shapes.
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A number of misconceptions were also noticed inghmlents’ definitions. Bulelwa
(our grade 12 learner for interview episode 4), dgample, would tell someone to
look for a shape that has “four unequal sides”raheo to pick out all the rhombuses
from a set of quadrilaterals. As stated in the giaph just after interview episode 4,
Bulelwa had named each of the isosceles trapezasmsombuses, and provided as a
reason “it has four unequal sides” for Task 1 & @IST. Apparently, Bulelwa had
carried her conceptual misunderstanding in Tasker ¢ the defining shapes task
(i.e. Task 4). The results presented here suppthdu evidence that the majority of

the learners were not yet at van Hiele level 3.

5.3.5 Learners’ responses to Task 5 of the GIST

For this task, the learners were required to statle justification whether a shape
belonged to a class of shapes with some more degmegerties (see Chapter Three,
section 3.4.1.2). Thus, Task 5 investigated leafri@rowledge of class inclusions of
shapes. In the analysis that follows, a student e@ssidered to have answered
correctly if he/she responded in the affirmativel @ave a correct reason to justify

his/her answer.

The class exclusion that dominated learners’ reagasbout geometric shapes in the
previous tasks became more evident in this taskinfigated in Table 5.11, only 1
learner (a South African) perceived a square (sihigge 6 and 23) as belonging to the
class of rectangles and of rhombuses. No learran fthe Nigerian subsample
perceived a square as belonging to either clasbagbes. Students’ denial of a shape
with the more specific properties as not belongimghe class of the one with the
more general properties was usually accomplishetthdyisting of a few properties of
the special case not shared by the more includiapes For example, some of the
learners reasoned that a square is not a rectédogpause all the sides [of a square]
are equal’, just as some others said that a rhomshust a parallelogram because “all

four sides are equal”. A summary of learners’ resgs is presented in Table 5.11.
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Table 5. 11Students who correctly responded to Task 5 (cladasions task)

Question posed No. with correct response
NS (n =18) SAS (n=18

Is shape No. 23 a rectangle?
Is shape No. 17 a parallelogram?
Is shape No. 6 a rhombus?

Is shape No. 1 a parallelogram?

0 w O O o
I e e I

Is shape No. 30 a scalene triangle?

Although learners from the South African subsang@aerally outperformed learners
from the Nigerian subsample on Task 5 of the GINigerian learners seemed to
have a better knowledge of the geometric concef e€alene triangle than South
African learners. This is evident in Tables 5.9 &ntll. Taken as a whole, Table 5.11
indicates that knowledge of class inclusions ofpglsawas lacking with the majority
of the learners. This shows that many of the learrneere yet to perceive the
relationships between the properties of shapesbendeen different shapes; that is,
that they had not attained level 3 reasoning onvde Hiele scale of geometric
conceptualization. Given that task 5 of the GISGuieed a simple “Yes” or “No”
answer with justifications, the learners’ performarmf this task was unimpressive. In
the analysis that follows, the learners’ perforneard each task in the GIST is

examined in terms of their percentage mean scoresioh task.

5.3.6 Percentage mean scores of learners on eacsktaf the GIST

The aim in this section is to provide information participants’ strengths and
weaknesses with respect to the five tasks comprigie GIST through analysis of

their percentage mean scores for each task. Clgasunmarizes the findings.

As evident in Chart 5.3, of the five tasks of thiSG Task 2 (sorting of shapes into
two distinct groups of triangles and quadrilateralas the easiest for the majority of
learners from both the Nigerian and the South Aftisubsamples. It was for this task
that learners obtained their highest percentagenrseare — 52.8% for the Nigerian

subsample and 71.3% for the South African subsaniiie task of sorting shapes
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into smaller subgroups of triangles and quadritdseby class inclusions (Task 3) was
the most difficult for learners from both subsanspléligerian and South African
learners could only manage to obtain a percentaggnmnscore of 17.8% and 19.2%,
respectively, on this task.

80

713

ONS
B SAS

Mean score (%)

Tasks on the GIST

Chart 5. 3 Learners’ percentage scores for each task of t&d Gl

Task 3 and Task 5 were similar tasks that wereeptes differently in the GIST.
Students did better on Task 5 (class inclusionshafpes) than on Task 3 possibly
because the former required only simple “Yes” on”Mesponses with justifications
from the learners, while the latter required therters to form subclasses of shapes
by themselves using the notion of class inclusiefisshapes. The differential
performance by learners on these two tasks couldtbepreted as evidence of a lack

of conceptual understanding in this learning area.

On a comparative level, Chart 5.3 indicates thatrlers from the South African
subsample performed marginally better than learfrers the Nigerian subsample on
each task of the GIST. This is consistent with tbgults reported in section 5.2.1,
above, which suggested that South African learmerthis study performed only

marginally better than their Nigerian peers inB18T.

In sum, although learners’ performance of eacheffive tasks of the GIST was not

satisfactory, their performance on Task 3 was @adrly interesting as it has
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important implications for the teaching and leagnof high school geometry. These
learners were able neither to interrelate propertié shapes nor to perceive the
relationships between shapes. Their knowledge ofmgéry appeared to be grossly
inadequate for success in high school geometryrerheas little evidence from the

learners’ performance on the GIST that they hadshdficient experience with basic

geometric concepts at earlier stages (primary arftlle school) of their education.

These were among the concerns raised by earlidrestiysee Chapter Two, section
2.7.4.1).

5.3.7 Students’ misconceptions and imprecise termatogy from the GIST

As was stated in section 2.7.3 of Chapter Thresnkss’ conceptual difficulties in
geometry come in many different forms. Two of tleveyal forms identified were
students’ use of imprecise geometric terminologyd #heir having misconceptions
about geometric concepts. As with the TPGT, stiglergsponses to the GIST

revealed several misconceptions in geometry argkethee examined in this section.

Although some instances of the students’ use ofagipe terminology could be due
to language problems (as suggested by variousirspedirors), in this study the

majority of instances appeared to be due to comeéphisunderstandings. The
importance of teachers’ knowledge of learners’ migeptions and use of imprecise
geometric terminology, with regard to the teachamgl learning of school geometry,
was explained in sections 2.7.3.1 and 2.7.3.2 a&p®r Two. Figure 5.2 represents
some of the imprecise terminology (taking the farfrspelling errors) used by many
learners in their descriptions of various geomethiapes in the GIST. In Figure 5.3,
some of students’ misconceptions about geometricceqms in the GIST were

highlighted.

An additional fact that emerged from the qualitatanalysis of learners’ responses to
the GIST was that learners who were minimally prooethese (spelling) errors
(Figure 5.2) proved to have a deeper understandirgeometry than learners who
committed several of these errors. Therefore, latkprecision in the use of
terminology by students should not be taken fontgd or tolerated on the ground

that “these are mere spelling mistakes”. As wasctwe in several earlier studies (see
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Chapter Two, section 2.7.3.2), there were manynkaarin this study with spelling
problems who were generally less successful irGI&8T .

Equalateral triangle, equadilateral triangle, eqilaeral triangle, regula
triangle — all for equilateral triangle.

Isosceless, Iscocelene, Isoscele, Isoscelist, déioes — all for isosceleq
triangle.

Scarlene, Scaline, Scalelan, Irregular — all falesge triangle.

Robus, rombus — for rhombus.

Parallelogramme — for parallelogram.

Traipyzium — for trapezium

Figure 5. 2Some of the students’ imprecise terminology inGi8T

As the GIST gave the learners the opportunity éelir express themselves both in
written and verbal forms, it revealed a far greatember of misconceptions about
geometry on their part than the TPGT discussedhiap&r Four. Some of the several
misconceptions evident in learners’ responsesddat8T were exemplified in Figure

5.3.

* Regular rectangle — it is a rectangle having faua side.

« Small rectangle — It is a small rectangle thathmsqual side.

* A square is not a rectangle because it have the sam.

* A square is not a rhombus because it has all geshaqual.

» As soon as the four sides [of a geometric figure]al equal, then the angles
must be 90° each.

» If the opposite sides of a shape are equal, theesisaa rectangle.

» Arectangle is not a parallelogram because it tsarquadrilateral.

» All quadrilaterals have four equal shapes [notsfide

* Arectangle is not a parallelogram because itsgsaght shape.

« If a shape has four equal sides, then it is a squar

» A square is like a carpet, a rnombus is like a. kite

* A rhombus is not a parallelogram because a pavgllein has 2 pairs o
opposite sides equal, not 4 sides equal.

» Isosceles [triangle] has 3 sides, 2 equal sideslamatizontal line.

-

Figure 5. 3Some of students’ misconceptions in geometry
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Misconceptions in geometry, such as those quotedegbare unfortunate because
they cause learning difficulties for the majorit students. The cases of Bulelwa
referred to in section 5.3.4 and Vusumazi (interviepisode 1) show the extent to
which misconceptions could hamper learners’ pragnreggeometry. Teachers should
pay attention to students’ imprecise use of andcaomseptions about geometric
concepts and correct them early in their geometoyrse. Similar students’

misconceptions in geometry had been reported iheeatudies (see Chapter Two,
section 2.7.3.1).

5.4  Chapter conclusion

In this chapter, learners’ responses to the GlISiewmealysed both quantitatively and

qualitatively and the results interpreted. Som#éefmajor findings are the following.

e On the whole, participants’ performance in the GISias considered
unsatisfactory as learners were only able to obéamiroverall percentage mean

score of 40.19%.

» Although learners from the South African subsangtigained a marginally higher
mean score (43.44%) than their international p&ers the Nigerian subsample
whose mean score was 36.94%, the difference inntean scores was not
statistically significant. The conclusion reachedswthat, in this study, South
African learners did not perform significantly hestt than their Nigerian

counterparts on the GIST.

» There was in general no significant differencehia thale mean score (44.38%)
and the female mean score (36.85%) on the GISTn Bveach school level, there
were also no significant gender differences inrttean scores, as the male mean

scores were only slightly higher than the femalemscores on the GIST.

An exploratory qualitative analysis of learnersspenses to the GIST further yielded

the following results:
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* On the identifying and naming shapes task (i.ekTaef the GIST), the majority
of the learners made many imprecise visual ideatifons involving shape and
orientation in their attempts to describe the skafn this task, 14 learners, 15
learners and 7 learners were respectively at vateljieometric thinking levels 0,

1 and 2. No leaner in the sample group for the GI&% at van Hiele level 3.

» Although the performance of task 1 of the GIST barhers was generally poor,
their responses indicated that more students care rehapes than describe the
properties of shapes. This seems to be consisiéntive hierarchical property of

the van Hiele levels.

* There was not one learner in the sample grouph®iGIST who used more than
one attribute of a shape in naming the shape (Taskor example, right-angled
isosceles triangles were either named as “isosdeia@sgle” or “right-angled
triangle”, with the majority of the learners shogipreference for the former

name.

» Of the five tasks that constituted the GIST, thsktaf sorting the shapes into two
distinct groups of triangles and quadrilateralss@@) was the easiest for the
majority of the learners, since about 52.8% ofNhgerian learners and 71.3% of
the South African learners were successful intds&. The task of sorting shapes
into smaller subgroups of triangles and quadritd$eby class inclusions of shapes
(Task 3) was the most difficult for the learneiisce only 17.8% of the Nigerian

learners and 19.2% of the South African learnecseseded in this task.
Taken as a whole, the results of the GIST weredawonbe consistent with those of

many earlier studies. In the chapter that follopasticipants’ responses to the CPGT

are analysed and the results interpreted.
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CHAPTER SIX

DATA ANALYSIS, RESULTS AND DISCUSSION 3: THE CPGT

6.1 Introduction

This chapter presents the results of students’oresgs to the Conjecturing in Plane
Geometry Test (CPGT). The first part of the chafiieuses on students’ performance
in the CPGT based on a quantitative analysis daf thean scores. The second part
provides information on learners’ performance ie @PGT through an item-by-item
analysis of their responses. The CPGT was graddfgpésee Chapter 3, section
3.3.4.1.3) and accordingly the analysis presenézd Is structured by grade level for
each of the participating schools. The reason lier drade level specificity of the
CPGT was explained in the third paragraph of se@i8.4.1.3 of Chapter 3.

6.2  Overall participants’ performance in the CPGT er grade

The percentage mean scores in the CPGT were cadwdaparately for all the grade
10, 11 and 12 learners who wrote this test. Therabvgercentage mean scores
obtained by the grade 10, 11 and 12 learners i€BP@T were, respectively, 17.39%,
22.48% and 36.47%. Note that because the CPGT wade-gpecific, it is not

possible to compare participants’ mean scores adios grade levels. These mean
scores should rather be interpreted with respetiiedaentral concepts that the CPGT

measures at each grade level (see worksheetsnl€Bapter 3, section 3.3.4.1.3).

The CPGT was designed mainly to explore studentslitias to formulate
conjectures, draw simple inferences and state itlefis of simple geometric shapes
(see the rationale for the CPGT in Chapter 3). Tthesow mean scores obtained by
learners in their respective grades for the CPQildcbe interpreted as evidence that
the learners’ knowledge was poor in these learrangas. Given that defining,
drawing inferences and conjecturing are cogniticévdies commonly associated

with van Hiele levels 3 and 4 reasoning (see Chapteection 2.8), the low mean
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scores also indicate that the majority of the leesrwere not yet at these van Hiele
levels of geometric understanding. The results galyeidentify with those of Pegg
(1995), when he stated that only about 25% of Isigfool learners in his study felt
comfortable with problems associated with levelndtlie van Hiele hierarchy of

geometric thinking levels.

6.2.1 Mean scores in the CPGT of NS and SAS gradé [earners

The percentage mean scores obtained by the gradeadrers in the CPGT were
calculated separately for learners from NS and S&&rners from the NS subsample
obtained a percentage mean score of 9.59% on t&TGAd learners from the SAS
subsample obtained a percentage mean score of%5(4& Table 6.1). By any
standard, these are very low means. As was stategdtion 3.4.1.3 of Chapter 3
under the subheading ‘construction’, the Nigeriaua éhe South African geometry
curricula for grade 10 learners largely dictateel ¢thoice of tasks that comprised the
CPGT. As mentioned above, in section 3.3.4.1.3, R&lwwet 1 of the CPGT was
developed to explore grade 10 learners’ knowledgéhe side-angle properties of
triangles, rectangles, squares and rhombuses. Thws®ean scores therefore imply
that these learners were yet to master that agfigbieir geometry curriculum that
requires them to be able to make conjectures, difieitions and draw inferences
concerning these shapes. It can thus be assegtthése learners were not yet ready

for the deductive study of geometry, contrary @itlcurriculum expectations.

Table 6. 1Percentage mean scores of grade 10 learners ©RG&

School | N | Mean score| Std Dev| t-value df pvalue
NS 22 9.59 7.42 -3.81 424 0.0004
SAS | 22 25.18 17.68

As indicated by the mean scores, grade 10 learfnens SAS outperformed their

Nigerian counterparts from NS on the CPGT. As cansben in Table 6.1, the
difference between the mean scores of the NS lessem®l that of the SAS learners is
statistically significantt(= - 3.81, 48f, p < 0.001) in favour of the latter. As with the
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TPGT (see chapter 4, sections 4.2.3 and 4.2.43ethesults indicate that, in relative
terms, the grade 10 learners from the South Afrisabsample had a better
knowledge of school geometry as tested by the C®@i their counterparts from the

Nigerian subsample.

6.2.2 Mean scores in the CPGT of NS and SAS grad# [earners
As with the grade 10 learners, the mean scoresnglatdor the CPGT by the grade 11

learners from the NS and the SAS subsamples wésalated separately for each of

the participating schools. The results are sumradnz Table 6.2.

Table 6. 2Percentage mean scores of grade 11 learners ©RGT

School | N | Mean score| Std Dev| t-value df pvalue
NS 20 24.65 27.17 0.48 41 0.4799
SAS | 23 20.30 10.15

As evident in Table 6.2, the mean score (24.65%thefNS learners on the CPGT
was marginally higher than the mean score (20.30%ipined by the grade 11
learners from SAS. As further indicated in the ¢althe difference between the mean
scores of these two groups, in favour of the NSnke@, was not statistically
significant ¢ = 0.48, 44f, p > 0.05). That is, in this study, grade 11 learrssm the
NS subsample did not perform significantly bettbart their comparative SAS
learners on the CPGT. Nevertheless, these reswigdp support for the point made
earlier on that, for the SAS subsample, grade htnk&rs’ knowledge of school
geometry appears suspect (see Chapter 4, sectidrs 4.2.5.6, para.4; 4.4.2 and
4.4.3). This is the only grade at which learnemrirthe NS subsampleonsistently

obtained (marginally) higher mean scores than tBAi® counterparts in this study.

It was stated in section 3.3.4.1.3 of Chapter 3, thansistent with the Nigerian and
South African geometry curricula, the central cqtdavestigated in Worksheet 2 of
the CPGT designed for the grade 11 participants tvassimilarity properties of

triangles. The low mean scores obtained in the CB®flefore indicate that the grade
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11 learners had not yet grasped the concept oflagityi as prescribed by their
curriculum.

6.2.3 Mean scores in the CPGT of NS and SAS gradg [karners
Worksheet 3 of the CPGT was designed for the gdftiéearners and it explored

learners’ knowledge of circle geometry (see ChaPtesection 3.3.4.1.3). As with the
preceding sections, the analysis of the grade athées’ performance in the CPGT
was based on the percentage mean scores calcskgpadately for the NS and the
SAS learners. Table 6.3 summarizes the results.

Table 6. 3Percentage mean scores of grade 12 learners ©RGT

School | N | Mean score| Std Dev| t-value df pvalue
NS 22 20.68 22.05 -3.72 40 0.0006
SAS | 20 52.25 32.38

As evident in Table 6.3, the mean score obtainethéygrade 12 learners from NS on
the CPGT was 20.68% and that of their counterpfias the SAS subsample,
52.25%. Table 6.3 further indicates that the défexe between the means of the NS
and the SAS learners in the CPGT, in favour oflaltker, is statistically significant at
the 0.001 confidence level £ - 3.72, 4df, p < 0.001). This means that the grade 12
learners from SAS performed significantly bettearthheir peers from NS.

Given the fairly impressive mean score obtainedhgygrade 12 learners from SAS
on the CPGT, it follows that the overall low me&®6.47%) calculated for all the
grade 12 learners (section 6.2) can be attributaohlgnto the very low mean score
obtained by the grade 12 learners from NS. Consigethe mean score (53%)
obtained by the grade 12 learners from SAS on #@TT for the concept of the circle
(Chapter 4, section 4.4.2) and the mean score §%&).2hey obtained in the CPGT, it
would seem that these learners demonstrated astemsknowledge of the geometric

concept of the circle even though the two testsnotibe said to be comparable in
terms of their overall structure.
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6.3  Grade level item-by-item analysis of learnergerformance in the CPGT

AS stated earlier, the CPGT was designed to asseskents’ ability to make
conjectures and state definitions of plane geometnapes. The test made use of a
constructivist investigative approach using geoioatrconstruction (see Chapter 3).
Since the constructivist investigative approachdufe the CPGT involved several
stages of activities which were intended ultimatielylead the learners to a certain
conclusion (or conjecture) about a given geomestigpe and its properties, an item-
by-item analysis of learners’ responses was corsideecessary. This analysis
helped to disclose what activity the learners vedaie to perform in a given geometry

investigative task.

A separate worksheet was developed and used at afatie three grade levels
involved in this study. Worksheet 1 was for thedgrd O learners, Worksheet 2 was
for the grade 11 learners and Worksheet 3 for theleg12 learners (see Chapter 3,
section 3.3.4.1.3). The matter of the type and remdb investigative activities that
comprised each worksheet was explained in thatosedDetails of the contents of
each of the worksheets are contained in Appendi153, pp.51, 59 and 66. For a
better understanding of the analysis that followshe next three subsections, it is
suggested therefore that the reader consult atsmse3.3.4.1.3 (for a description of
the respective worksheets) and Appendices 5.A.135(for the contents of the

worksheets).

6.3.1 Item analysis of the CPGT for the grade 10deners

In section 6.2.1, grade 10 learners’ performancehm CPGT was reported by
computing their percentage mean scores based @dang system that was explained
in section 3.4.1.3 of Chapter 3. In the presentiaecthe analysis provided is based
on the number of grade 10 learners in each of tBeahld the SAS subsamples who
were able to perform specific activities for eadhhe 6 investigations that made up

Worksheet 1. The results are as summarised in Table

Page 202



Table 6. 4Analysis of Worksheet 1 of the CPGT

Investigation

No. successful

No. Expected activity NS (n=22)| SAS (n=22)

To obtain, by addition, the sum of the angles tifangle to

1 be 180° 21 19
To conjecture that the sum of the angles of agi@is 180° 5 9
To recognise, through own construction, and name an
isosceles triangle 4 8
To state, through own construction, that the basges of

2 an isosceles triangle are equal 4 11
To conjecture that if two sides of a triangle ageiad, then
two of its angles are also equal 1 5
To recognise, through own construction, and name an
equilateral triangle 5 16

3 To conjecture that if in a triangle all the sides &qual,
then all the angles are also equal (with each ¥ 60° 4 8
To recognise, through own construction, and namg a
rectangle 0 13
To list, at least, three properties of a rectangle 0 5

4 To conjecture that if the diagonals of a paralledmg are
equal, then the parallelogram is a rectangle 0 0
To define a rectangle 0 1
To recognise, through own construction, and nasguare 0 9
To list, at least, two special properties of a squa 0 6
To list unique properties of a square that a regteadoes

5 not have 0 4
To conjecture that a parallelogram having equatjafials
that bisect each other at right angles is a square 0 0
To define a square 0 1
To recognise, through own construction, and namg a
rhombus 3 4
To list, at least, two special properties of a rbom 0 0
To list, at least, two specific properties commoratsquare

6 and a rhombus 0 0
To list one unique property of a square that a thasrdoes
not have 0 2
To recognise, with justification, that a squareaispecial
rhombus 0 2
To define a rhombus 0 1

As stated in section 3.3.4.1.3, investigation Wadrksheet 1 was to lead the learners

to formulate a conjecture th#te sum of the (interior) angles of a triangle 801

This investigation involved two separate activiti@dhe first activity was for the

learners to draw (or construct) any triangle anthiobthe sum of the angles through

measurement and addition of the angles. The seactidty required the learners to

compare their individual result for the first adywith those of others near them and

state their observation as a conjecture. The agsmmpere was that if the learners

noticed that the sum of the angles of each of ffferdnt triangles they had drawn

was 180°, then they would be able to formulate twmmjecture (or draw the

conclusion) that the sum of the angles of any ¢fieus (always) 180°.
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For investigation 1, Table 6.4 indicates that altfito21 (95%) out of the 22 grade 10
learners from the NS subsample were successfultulating the angle sum of a
triangle to be 180°, only 5 (22%) of them manageddneralize their observation that
the sum of the angles of a triangle will always 1#0°. Because of a possible
language difficulty, it was not expected that thésa&rners should formulate their
conjectures in formal terminologically correct staents. For example, Suberu and
Abayomi, two of the five learners who conjecturbdttthe angle sum of a triangle is

180°, put it this way:

Suberu: Sometimes the angles may be the same witbsponding answer,
and sometimes the angles will be different while @aimswer will be the
same.

Abayomi: What | can conclude about the sum of thgles of a triangle is that no

matter the sides [meant sizes] of angles you mag,hthe addition of
the three angles must give you 180°.

Suberu most likely saw both triangles drawn by s@tuelents which had the same
angle measures as hers (many drew equilateragjteis)y and triangles drawn by other
students with different angle measures from her,@wmd noticed that in either case,
the sum of the angles (what she called “the angwer180° (what she referred to as
“the same”). Abayomi, on the other hand, probaldynpared his work only with

those of other learners who drew triangles thatdiidrent angle measures from his
own, and observed that each of them obtained 18@Reasum of the angles of their
separate triangles. The point being made hereatsetren with this level of flexibility

in accepting as correct such responses from thedesas these, many could still not
provide an acceptable response to the second tgctiinvestigation 1. It looks

probable that these learners had only had limitquegence of the kind that could

enable them to successfully make conjectures.

Stating a definition of a shape (investigation$ 4nd 6) proved the most difficult for
the grade 10 learners from NS, as none of themaks to do this. Many simply
avoided responding to that section of the questiotask. However, Abayomi, who
named the square that he drew a kite (investigdijodefined his drawn shape as

follows: “Kite is a parallelogram in which all tleédes and angles are equal”. Where it
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not for the incorrect name associated with his dralape, what Abayomi gave is

surely an acceptable definition of a square.

For learners from the SAS subsample, the performaras not much different from
that of the NS learners. As could be seen in Téble 19 (86%) out of the 22 grade
10 learners from SAS who wrote the CPGT succeedanbinputing the sum of the
angles of a triangle to be 180° in investigationOhly 9 (41%) of them, however,
were able to generalize their observation as aectunje. Like their NS counterparts,
many of the grade 10 learners from the SAS subsamatl difficulty formulating

conjectures in formal technical language. Havingpared his work with those of his
peers, Kondile, for example, generalized his oletérm as follows: “I conclude that
when I'm drawing a triangle and add angle A, B &ednd I'm going to get 180° all
the time”. The language may not be very formal, the idea is clear: for every

triangle that is drawn, the sum of the angleswsags 180°.

As with the NS learners, stating a definition aftepe was very difficult for nearly all
the learners from SAS as only 1 of them was ablgefine a rectangle (investigation
4) and a square (investigation 5), while 1 othedsht was able to define a rhombus
(investigation 6). Interestingly though, the twareers stated a hierarchical definition
(see De Villiers, 1994; 1998) of these shapes,ethemrexhibiting traces of level 3
reasoning according to the van Hiele theory. Fangple, the learner who defined the
rectangle and the square stated that “a rectasgée parallelogram with one angle
equal to 90°” and that “a square is a rectanglé wito adjacent sides equal”. This
was one of the strongest grade 10 students (ceeglyitspeaking) in the study sample

as well as in SAS for the study year.

The results for investigation 1 further indicatatteiome of the learners had difficulty
determining the measure of an angle using a protratespite our (the mathematics
teachers’ and my) efforts to guide them. Since ss8g what the learners were able
to do (as opposed to developing and implementinmi@nvention teaching program)

was the general aim of the CPGT, an effort was nuandle to explain procedures to

the learners rather than to ensure that each ae @ne of them made accurate
measurements. As evident in Table 6.4, 1 learramn fthe NS subsample and 3

learners from the SAS subsample were unable to ater(pby measuring and adding)
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the angle sum of a triangle as 180°. For one oftkinee learners from the SAS
subsample, the sum of the angles of a triangle W&sS (with angles 90°, 50° and
30°), for another it was 184° (with angles 91°, 868 37°), and for the third learner it
was 140° (with angles 60°, 50° and 30°). The oelyrher from NS who could not
obtain the angle sum of a triangle to be 180° igmed the angles of his triangle in
centimetres (5cm + 5cm + 5cm = 15cm) — revealingayether form of learning
difficulty among the participants. This learner wadually adding the lengths of the
sides of her triangle instead of the angles. Thane indeed many learners for whom
the unit of measurement of angles was centimetisisad of degrees or radians. This
situation would require that teachers explicitlyedi learners’ attention to the units of
measurement for angles, even though they oughave done work on this at lower

levels of their schooling.

Similar interpretations to that of investigationwiould hold for investigations 2
through 6 of Worksheet 1 (Table 6.4). As evident Timble 6.4, formulating
conjectures and stating definitions were more ditti for the majority of the grade 10
learners than the other activities featured in WWbdet 1, such as identifying and
listing the properties of shapes. This of courskdiup with the hierarchical property

of the van Hiele levels (see Chapter 2, sectiorl2.8

A point that perhaps deserves separate mentidmatsnone of the learners from the
NS subsample was able to identify and name a rg&afinvestigation 4) and a
square (investigation 5) through their own congsiams (Table 6.4). The difficulty
encountered by these learners cannot be excusediefly the nature of the tasks,
i.e. the supposition that they were not used tactmestructivist investigative approach
to learning. In fact, many of these learners hadpnoblem following detailed
instructions on the worksheet concerning how tostmiet (or draw) the required
shape in each of the investigations. The probleey thad was rather that of
identifying and naming the shapes in a nonstandaehtation — the very problem
that was reported in paragraph 2 of section 5r8Qhapter 5. Abayomi, for example,
correctly constructed a rectangle and a squarau(&i§.1), but without attending to
the properties of the shapes or possibly distralotethe orientation of the shapes, he

named the rectangle a cuboard (he meant cuboidih@nshuare a kite (compare with
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Investigation 4:

interview episode 3, section 5.3.1 of Chapter Ber€ were many other learners with

this learning problem.

Step 1: Use a ruler to draw any straight line AC (slanting upwards from left to right) RO which I
which is greater than or equal to 6cm I 8 ]
Step2: Locate the midpoint of the line AC and label it as M bl e drrno b A I
Step 3: Draw another straight line BD which is equal in length to line AC (slanting vy it B st enddpoit and AC is perpendicuion te B0 i M
dov from left to right) and intersecting (¢ 5) AC in such a way that M is

ridpoint. Your diagram from steps 1 ok like this B

‘ ]

Step 4: Use a ruler to join AB, BC, CD and AD. iy 4t | Bi i Al
Step 5: Measure the \“.hv\\\»\)w . e : I & e
i) AB 3'_5’(\»& 2.8, B 4:8 s AD= .4 8. . 48 B | L8
ii) zADC=.80°%: /DAB=.90".; zABC = .90 BCD = .90 b= COT ABL- B8 B q e
Compare your results with those of others near you 1l lices i i

Space fo

Questions.

1. What
Answer:

r your diagram. g
) B

\,,
\ o
\\\\” o
e
o /“
o /
- /
/
= \of
e >

»f parallelogram is ABCD?
“Uboard

A

type ¢
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Figure 6. 1lllustrating learners’ difficulty with identifyingind naming shape.

Note in Figure 6.1 that Abayomi had determinedaftigh his own constructions) all
that was needed (two pairs of opposite sides ef§0alangles and equal diagonals etc.
for the rectangle; and all sides equal, 90° angleggonals bisect each other at right
angles etc. for the square) to correctly identifgd aame the two shapes, yet he named

them incorrectly. This was the situation with thejamity of the grade 10 learners.

6.3.2 Item analysis of the CPGT for the grade 11deners

As stated in section 3.3.4.1.3 of Chapter 3, Waksl2 was developed for learners in
grade 11, and the central concept investigated thassimilarity properties of
triangles as prescribed by the Nigerian and Sodtit#n mathematics curricula. In
section 6.2.2, grade 11 learners’ performanceenGRGT was analysed according to
their percentage mean scores. The analysis thabisded in this section, however,

focuses on the number of grade 11 learners in efatfe participating schools who
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were able to perform a specific activity for eadtthe 6 investigations that made up

worksheet 2 of the CPGT. The activities that werpeeted to be performed as well

as the corresponding number of learners who sultdlgsperformed these activities

are shown in Table 6.5.

Table 6. 5Analysis of Worksheet 2 of the CPGT

Investigation

No. successful

No. Expected activity NS (n=20)| SAS (n=23)

To obtain, through own construction, equal ratio foe

corresponding sides of two similar triangles 12 12

To obtain, through own construction, equal meastomethe

corresponding angles of two similar triangles 10 15
1 To conjecture that if two triangles are similarenhtheir

corresponding sides are in a constant ratio 5 1

To conjecture that if two triangles are similarenhtheir

corresponding angles are equal 7 14

To state the NASCO for two triangles to be similar 2 0

To obtain, through own construction, equal ratio foe

corresponding intercepts between three paralleklicut off

by a pair of transversals 13 17
2 To conjecture that if three parallel lines are loyta pair of

transversals, then the corresponding interceptsotfubn

each one are in the same ratio 5 1

To obtain, through own construction, equal ratio foe

corresponding sides of two similar triangles 13 16
3 To tell, through investigation, how the line draparallel to

one side of a triangle divides the other two sides 6 0

To conjecture that the line drawn parallel to oite ©f a

triangle divides the other two sides proportionally 2 0

To state, through own construction, that the liomipg the

midpoints of two sides of a triangle is parallettie third side 7 16

To state, through own construction, that the liamipg the

midpoints of two sides of a triangle is equal t¢f & the third

side 6 2
4 To conjecture that the line joining the midpointgwo sides of

a triangle is parallel to the third side 3 0

To conjecture that the line joining the midpointgwo sides of

a triangle is equal to half of the third side 3 0

To conjecture that the line joining the midpointgwo sides of

a triangle is parallel and equal to half of thedtside 3 0

To obtain, through own construction, a constariorfat the

corresponding sides of two given similar triangles 6 8
5 To conjecture that if the corresponding angles wb t

(similar) triangles are equal, then their correstiog sides

are proportional 0 0

To obtain, through own construction, equal measoirehe

corresponding angles of two similar triangles 4 1
6 To conjecture that if the corresponding sides ofb tw

triangles are proportional, then their correspogdamgles

are equal 1 0

It was stated in section 3.3.4.1.3 that investagati of Worksheet 2 was to guide the

learners to formulate two conjectures: i)two triangles are similar, then their
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corresponding sides are proportionand b)if two triangles are similar, then their
corresponding angles are equdfrom these conjectures, it was required that the
learners should be able to deduce the necessargudficient conditions (NASCO)
for two triangles to be similar. This investigatimyuired the learners to perform five
activities, as indicated in Table 6.5 (see alsoeXmjx 5.A.2, p.59).

As indicated in Table 6.5, for investigation 1,tleé 20 grade 11 learners from the NS
subsample who wrote the CPGT, 12 (60%) of them essfally obtained, through
their own construction, an equal (or a constartip rior the corresponding sides of
two similar triangles. Only 5 (25%) of them, howeveere able to generalize their
observation that if two triangles are similar, thii@eir corresponding sides are in a
constant ratio, even though the learners were hegeired only to fill in either
‘proportional’ or ‘in constant ratio’ (see investigon 1 in Appendix 5.A.2, p.59).
Similarly, although 10 (50%) of the learners fron Mere successful in obtaining
equal measure for the corresponding angles of tmdas triangles, only 7 (35%) of
them managed to state their observation as a dangedwo learners (10%) from the
NS subsample were able to state the necessaryéfitienit conditions (NASCO) for

two triangles to be similar.

As with the grade 10 learners, Table 6.5 shows thahulating conjectures was
generally more difficult than the other activities Worksheet 2 for the grade 11
learners from NS. Language problems possibly playeadle in learners’ difficulty

with conjecturing, as many stated their conjectunespecific rather than in general
and technical terms. In investigation 3, for exampgideleke correctly observed that
the line DE drawn parallel to the side BC of trien@BC divides the two opposite

sides AB and AC of triangle ABC in the same ratiowever, when asked to state his

observation as a conjecture, he wrote as follows:

From observation, it is clear thAt ADE andA ABC are similar. It is also
obvious that the parallel line DE to BC divides ABd AC equally in the
same ratio.

Clearly, like many other learners from the NS sufgs@, Adeleke was not

generalizing his observation beyond the particul@angle that he had drawn.
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Responses like these indicate that the majoritsheflearners were not able to form

conjectures in the way that the curriculum expedtiedn to do.

The response patterns of grade 11 learners fronS#&® subsample to the CPGT
were similar to those of their NS counterparts.e&&lent in Table 6.5, although 12
(52%) learners from the SAS sample group succdggibtained equal ratio for the
corresponding sides of two similar triangles, odly(4%) of them was able to
generalize her observation as a conjecture thataftriangles are similar, then their
corresponding sides are in a constant ratio. Thene 15 (65%) learners from the
SAS subsample who successfully obtained equal meafsu the corresponding
angles of two similar triangles, and 14 (61%) oérth were able to state their
observation as a conjecture. No grade 11 learngreiSAS sample group was able to
state the necessary and sufficient conditionsviar triangles to be similar. Perhaps
the problem was that they were not familiar witkesé terms, for some of them

explicitly stated that they were encountering #renis for the first time.

It can be seen from Table 6.5 that more learnese fthe SAS subsample had
problems with formulating conjectures than learnémsm the NS subsample.
Considering investigation 1 through 6, Table 6didates that grade 11 learners from
NS were generally more successful in the CPGT coedpavith their counterparts

from SAS. Similar results were earlier reportedéction 6.2.2.

6.3.3 Item analysis of the CPGT for the grade 12 &eners

Worksheet 3 was designed for the grade 12 learnats it explored learners’
mathematical knowledge of circle geometry (seeisec8.3.4.1.3). As stated in
section 3.3.4.1.3 of Chapter 3, Worksheet 3 of tBBGT consisted of 10
investigations, with each investigation requirimg learners to perform two sets of
activities (as is evident in Table 6.6). Investigas 1 through 4 were on the chord
properties of a circle, investigations 5 througlo@®ised on the arc-angle properties of
a circle, and investigations 9 and 10 exploredt#mgent properties of a circle (see
3.3.4.1.3). Table 6.6 summarizes participants’ grerince in each of the

investigations that made up worksheet 3 of the CPGT
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Table 6. 6Analysis of worksheet 3 of the CPGT

Investigation

No. successful

No. Expected activity NS (n=22)| SAS (n=20)
To obtain, through own construction, angle 90° leetwthe
line drawn from the centre of a circle to the midpof a

1 chord 14 15
To conjecture that the line drawn from the cenfra oircle
to the midpoint of a chord is perpendicular to ¢herd 7 14
To obtain, through own construction, equal measoirehe
sides of a chord from the point of intersection thé

2 perpendicular from the centre of a circle 13 14
To conjecture that the line drawn from the cenfra oircle
perpendicular to a chord bisects the chord 3 10
To obtain, through own construction, equal measur¢he
lines drawn from the centre of a circle perpendicuo

3 chords of equal length 8 15
To conjecture that equal chords are equidistaniftbe
centre of a circle 1 4
To obtain, through own construction, equal centnagles

4 for equal chords of a circle 8 14
To conjecture that equal chords subtend equal aragléhe
centre of a circle 0 6
To obtain, through own construction, angle at eentr2 x
angle at circumference 8 10

5 To conjecture that the angle which an arc of aleifc
subtends at the centre is twice the angle whictséime arg
subtends at the circumference 2 10
To obtain, through own construction, equal angletesnded
by the same arc of a circle at two different poiatsthe

6 circumference 7 13
To conjecture that angles in the same segmenti€la are
equal 2 11
To obtain, through own construction, angle 90° fbe

7 angle subtended by the diameter of a circle 8 12
To conjecture that the angle in a semicircle ighatrangle 1 8
To obtain, through own construction, 180° as tha sfithe
opposite angles of a cyclic quadrilateral 3 10

8 To conjecture that opposite angles of a cyclic giletdral
are supplementary 0 7
To obtain, through own construction, angle 90°hesangle

9 between a radius and a tangent at the point obcbnt 5 15
To conjecture that a tangent to a circle is perjpenar to
the radius at the point of contact 1 7
To obtain, through own construction, equal measurévo

10 tangents to a circle drawn from the same exterogitp 0 12
To conjecture that tangents to a circle from thenesa
external point are equal in length 0 2

Investigation 1 of Worksheet 3 was to guide therlees to form a conjecture thidie

line drawn from the centre of a circle to the miopaf a chord is perpendicular to
the chord Table 6.6 indicates that 14 (64%) of the learrieos the NS subsample

were successful in obtaining, through their ownstarction, angle 90° between a
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chord and the line drawn from the centre of a eitolthe midpoint of the chord. Only

7 (32%) of them, however, were able to state thieservation as a conjecture.

Although Table 6.6 clearly indicates that formuigti conjectures was generally
difficult for the grade 12 learners from NS, it wparticularly so for them with

concepts that dealt with the tangent propertiea ofrcle (investigations 9 and 10).
Although the inability of some of these learnerscnstruct (or draw) and take
accurate measurements may have partly influenceid tesponse patterns in these
investigations, that alone cannot justify their pperformance in this learning area,
given the fact that they must (or ought to) havel lexperience in these skills
(constructing, drawing and measuring) in their logmdes (see Siyepu, 2005). Most
of these learners could simply not perceive theerietationships between the
properties of a circle in the various investigasiolhe majority of them were not yet
at van Hiele level 3. This partly explains why evéme many learners who

successfully constructed/drew the required shapgna all its essential properties,

were still not able to state their observationa asnjecture.

The results in Table 6.6 appear to support thogperted in section 6.2.3, which
indicated that the grade 12 learners from SAS héalrly impressive knowledge of
circle geometry compared to their counterparts fid® In investigation 1, 15 (75%)
of the grade 12 learners from the SAS subsampleesstully obtained, through their
own construction, angle 90° between a chord andlitfeethat is drawn from the
centre of a circle to the midpoint of the chord. Aslicated in Table 6.6, an
impressive number of these learners, 14 (70%), wabke to generalize their
observation as a conjecture that the line drawmftbe centre of a circle to the
midpoint of a chord is perpendicular to the chdrds equally impressive to note that
for investigation 5, all the 10 (50%) grade 12 tems from SAS who successfully
established, through their own construction, tiat angle which an arc of a circle
subtends at the centre is twice the angle it sulsten the circumference, were also

able to state their observation as a conjecture.

Like the grade 10 and 11 learners, the grade IBdesifrom SAS did not necessarily
formulate their conjectures in formal technicaltetaents even though many of them

presented their conjectures in general terms. 8lgiy for example, having
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established, through construction, that the pengetat lines from the centre of a
circle to two nonparallel congruent chords are éduavestigation 3), stated his
conjecture in this way: “Two lines from circle cemtperpendicular to equal chords
are equal”’. This may not be as technicalegsial chords are equidistant from the
centre of a circle yet his idea is clearly understandable. Thereewaerfew other

learners in this group (SAS) who stated their coijes in general terms as
Siyabulela did, demonstrating evidence of levelr34aeasoning in the van Hiele

hierarchy of the levels of geometric thought.

Although conjecturing was generally difficult fdre grade 12 learners from the SAS
subsample (as it was for their NS counterpartshleré.6 indicates that these learners
were more successful with investigations that deéh the arc-angle properties of a
circle (investigations 5 through 8) than those ewnmg the chord and tangent
properties of a circle. Like their NS counterpattse grade 12 learners from SAS
were least successful with investigations that td@é&h the tangent properties of a
circle (investigations 9 and 10). It is possiblattbnly a few teachers get to teach this
aspect of circle geometry, probably because of tiorestraints, as these theorems are
among the last required to be taught in high scleirale geometry in Nigeria and
South Africa.

The results reported in sections 6.3.1 through36paurtly support and partly refute
those of Siyepu (2005). That many learners in #tigly were initially unable to

construct and measure angles, but were soon aldle s when sufficiently guided,

generally links up with Siyepu’s (2005) findings which in South Africa, “these

grade 11 learners were unable to construct andureasgles...” (p.64), but “as we
(the researcher and the sample groups) proceedédtid investigations, learners
became familiar with the constructions, althougbythlisplayed small problems of
inaccuracy” (p.67). However, the finding that maagrners in this study were unable
to form conjectures seems to run counter to thaSigkpu (2005), even though
initially he had stated that “all the participants the sample group could not
understand the concept of ‘conjecture’ and weres thoable to generalize” (p.65).
Siyepu (2005) later reports that “as we proceedihd the investigation, learners in
the sample group became familiar with the formatbma conjecture” (p.70) and that

“all (emphasis mine) the learners in the groups mantmethke a conjecture that a
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tangent to a circle is perpendicular to the radatisthe point of contact” (p.71)
(compare with result for investigation 9 in Tablé)6

It looks probable that in the course of his redea®iyepu gradually unfolded a
program of instruction, thereby enhancing the leenperformance in given tasks in
relation to their entry knowledge. Since the aintlef CPGT was to assess what the
learners were able to do rather than to develgaehing program (the worksheets are
useful for this purpose, though), participants weméy provided guidance on how to
construct/draw and measure and were left to formewmbures on their own. This
hypothesized difference in approach possibly aciotor the difference between the
findings of Siyepu’s research and those of theguestudy.

Importantly, according to the van Hiele theory,nfimiating (and testing/proving)
conjectures is a cognitive activity of which onalners who are functioning at at
least van Hiele level 3 or 4 are capable (see Bufg&haughnessy, 1986). In a
separate test designed to assess his learnelighnadtat of van Hiele level 1, Siyepu
(2005) reports that “the results indicate that 58Rthe sample is not even at the van
Hiele level 1 with regard to the circle geometry.46). Yet these were the same
students whom he had earlier reported were abl®rta conjectures about circle
concepts! This inconsistency is not easily expldjrexcept in terms of the hypothesis

outlined above.

6.4  Chapter conclusion

This chapter presented a grade-level analysis ahérs’ performance in activities
included in the worksheets of the CPGT. The analyss presented in two forms.
The first form examined learners’ performance ie t8PGT according to their
percentage mean scores based on a grading systefopld for that purpose (see
Appendix 5.B.1-3, pp.77, 80 and 82). The seconeh faras based on an item-by-item
analysis of the learners’ responses, with a foaushe number of learners able to
perform specific activities that made up the wodets for each grade level. The

CPGT generally explored students’ abilities to fowonjectures, draw simple
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inferences and state definitions of simple geormoathiapes (see section 3.3.4.1.3 for

details about the worksheets). The major findimguide the following:

The overall percentage mean scores obtained bgrdue 10, 11 and 12 learners
for the respective worksheet of the CPGT (Workshder grade 10, Worksheet 2
for grade 11 and Worksheet 3 for grade 12) werspaetively, 17.39%, 22.48%
and 36.47%. The low mean scores obtained by lemingheir respective grades
was interpreted as evidence that these learnersdiffidulty in formulating
conjectures and stating definitions regarding seamgkeometric shapes. This
implies that they were ill-prepared for the forna@ductive study of high school

geometry as prescribed by their respective cumicul

The grade 10 learners from the NS subsample oldtaingercentage mean score
of 9.59% on the CPGT and their counterparts froenSAS subsample obtained a
mean score of 25.18%. Although the difference betwite mean scores of NS
and SAS learners, in favour of the latter, was tbtobe statistically significant (
= - 3.81, 48f, p < 0.001), the performance by learners from botha groups as
indicated by the low mean scores was consideredtigfactory. The conclusion
was reached that these learners were yet to mésteaspect of their geometry
curriculum that requires them to be able to makgexiures, state definitions and
draw inferences with regard to the geometric cotxay triangles, squares,
rectangles and rhombuses. That is, these learners not yet ready for the

deductive study of these shapes.

The mean scores obtained by the grade 11 leamensNS and SAS in the CPGT
were 24.65% and 20.30%, respectively. The diffezebetween the means was
not statistically significant at the 0.05 level. ahis, learners from the NS
subsample did not perform significantly better thleir peers from SAS. Given
the low mean scores obtained by these learners¢dhelusion was that these
learners were yet to acquire an adequate graspeotoncept of similarity as

prescribed by their curriculum.
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The grade 12 learners from SAS performed signifigabetter than their
counterparts from NS. The difference between thanmrseore (52.25%) obtained
by the grade 12 learners from the SAS subsampletl@dnean score (20.68%)
obtained by the NS learners for the CPGT was fdorek statistically significant
(t = - 3.72, 44@f, p < 0.001). Considering the mean score (53%) obtiainethe
grade 12 learners from SAS on the TPGT for the epnhof circles (Chapter 4,
section 4.4.2) and the mean score (52.25%) thegirdd on the CPGT, it can be
concluded that these learners demonstrated a temisiknowledge of the

geometric concept of the circle.

An item-by-item analysis of participants’ responsésided further results, which

include the following.

On the whole, at each grade level, forming a cdnjecwas much more difficult
for the majority of the learners than the otheriéttgs that constituted their
respective worksheets (defining, constructing, dngywmeasuring, comparing).
Among the few learners who managed to formulatgecbures, most could not do

so in formal technical language.

For some learners across all three grades, difiésulvith measurement were
evident in their responses. In grade 10, for exarntpere were 3 learners from the
SAS subsample who obtained angle sums of 170° @vities 90°, 50° and 30°),

184° (with angles 91°, 56° and 37°) and 140° (vatigles 60°, 50° and 30°) for

the triangles that they constructed (or drew) bgntkelves. There were many
other learners for whom the unit of measurememtngies was the centimetre. For
example, one of the learners from the NS subsag®le the sum of the angles of
his triangle as 15cm (5cm + 5cm + 5cm = 15cm). Mahthe learners appeared
to have had inadequate preparation at lower sdhwels for the successful study

of high school geometry.
Some of the learners had difficulty in constructsigple geometric shapes using

a ruler and a pair of compasses even when providddetailed instructions for

the procedure. When given adequate guidance, howeany were then able to
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construct the required shapes. Some of the leamagsade 10 who constructed
the required shapes could not name them correa@balse they were easily

misled by the orientations of the shapes.

» Stating a definition for a rectangle, a square andombus was generally difficult
for the grade 10 learners. In fact, no learner ftben NS subsample was able to
define any of these shapes. Only 1 learner fromSIA8 subsample was able to

define a rectangle and a square, and 1 other leaasable to define a rhombus.

* The results reported here were found to be pamiysistent with and partly
counter to those of Siyepu (2005). That many learivethis study were initially
unable to construct shapes and measure anglegiebatsoon able to do so when
guided appropriately, generally links up with Siy&pwork in South Africa.
However, the finding that many learners in thisdgtuwere unable to form
conjectures seems to run counter with that of Qiy@005). Possible reasons for

the difference were suggested.

In the chapter that follows, an analysis of papteits’ performance in the VHGT is

used to identify their van Hiele levels of geomethinking.
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CHAPTER SEVEN

DATA ANALYSIS, RESULTS AND DISCUSSION 4: THE VHGT

7.1 Introduction

In this chapter, an analysis of students’ perforceaim the van Hiele Geometry Test
(VHGT) is presented. Phase 1 of this study concé#masdetermination of the van
Hiele levels of geometric conceptualization amohg participating learners (see
Chapter 3, section 3.3.4.1). Although various unsients (the TPGT, GIST, CPGT
and VHGT) contributed to this determination, thgananstrument used to assign the
learners to various van Hiele levels was the VHGde(“rationale for the VHGT” in

section 3.3.4.1.4). This chapter begins with anlysis of learners’ performance in
Part A of the VHGT by first examining their meanoses for the test and then
allocating them to van Hiele levels. The second pértthe analysis in this chapter

provides information about learners’ performanc@ant B of the VHGT.

7.2  Analysis of Part A of the VHGT

7.2.1 Learners’ performance in the VHGT according ¢ percentage means

As was stated in section 3.3.4.1.4 of Chapter & Raf the VHGT consisted of 4

subtests with each subtest testing learners’ ateam of a specific van Hiele level
(see Appendix 6.A.1-3, pp.84, 94 and 104). In thalysis that follows in sections
7.2.1.1 through 7.2.1.8, participants’ performaimc®art A of the VHGT is provided

(regardless of the levels) by examining their petage mean score in the test,
consistent with the first grading method statedsection 3.4.1.4 of Chapter 3.
However, in sections 7.2.2 through 7.2.2.3, anymmalof learners’ performance is
provided based on their percentage mean scorecht@ahe van Hiele levels. The
last part of the analysis of learners’ performamc®art A of the VHGT focuses on

their distribution into the van Hiele levels in acdance with the second grading

method explicated in section 3.4.1.4 of Chapter 3.
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7.2.1.1 Overall participants’ performance in the \@Il

Learners’ performance in the VHGT was describetéims of their percentage mean
score. Using the first grading method explainedection 3.4.1.4 of Chapter 3, the
mean score obtained by the learners in Part A@MHGT was 7.14 points out of a
possible 20 points. This figure represents an divgrarcentage mean score of
35.68%.

The relatively low percentage mean score obtainethe learners for Part A of the
VHGT was found to be consistent with the findindgsUsiskin (1982). The highest
mean score obtained by any one of the 13 schoatdvied in Usiskin’s (1982) study
in a comparativ’eQ VHGT was 3.69 points (out of 31 points), corregtiog to a

percentage mean score of 11.90%. It should, howeserpointed out that the
percentage mean scores (that of this study anc thb&Jsiskin’s reported here) are
not necessarily comparable, in that one might bedehink that learners in this study
performed better in the VHGT than their Americarnsein Usiskin’s study because
of the latter's lower mean scores. On the contraggjskin’'s sample actually

performed better than the sample in the preserdystif the VHGT is graded

according to the classical van Hiele levels as Wisislid (see Usiskin, 1982), the
overall percentage mean score obtained by thecjgmting learners in this study
actually becomes 6.09%, which is less than thos&2092%) of the 13 schools in
Usiskin’s study in which the percentage mean scomm® between 7.42% — 11.90%

inclusive (see Usiskin, 1982).

Regardless of the grading method, the fact remthisisin both the current study and
that of Usiskin (1982), learners obtained very lmgan scores in the VHGT. This
indicates that the majority of the learners in #tisdy (as in Usiskin’s) were at low

van Hiele levels, possibly levels 0, 1 or 2.

0 Recall that the VHGT was adapted from Usiskin's ASSG van Hiele geometry test, hence
comparative, which was originally designed to deiae the van Hiele levels of the American school
children (see Chapter 3, section 3.3.4.1.4).
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7.2.1.2 Mean scores on the VHGT of NS and SAS leam

The mean scores obtained by learners in Part Ahef \HGT were calculated

separately for the NS and SAS subsamples. Tablsunimarizes the results.

Table 7. 1School percentage mean scores for learners in H@TV

School | N | Mean score| Std Dev| t-value df pvalue
NS 68 31.84 12.98 -3.36 137 0.0010
SAS |71 39.37 13.44

The mean score calculated for learners from thestt&ample was 31.84% and that
of their peers from the SAS subsample was 39.38# Table 7.1). The difference in
these mean scores in favour of the SAS learners feasd to be statistically
significant at the 0.005 level as evident in Tablé. What this means is that there
were more NS learners at the lower van Hiele letleds there were SAS learners at
those levels. Or conversely, there were fewer NS8nkers at the higher van Hiele
levels compared to the number of SAS learners @dethevels. These mean scores
could further be interpreted to mean that morenlea from the SAS subsample had
attained higher van Hiele levels than learners ftbemNS subsample, which partly
explains why the SAS learners consistently outperéal their NS counterparts in the
other three tests (the TPGT, GIST and CPGT, sept€isw4, 5 and 6, respectively).

As with the entire study sample, the low mean s atgtained by learners from the
participating schools were found to be consisteith whose reported by Usiskin
(1982), in whose study the students from all 130etdhsurveyed obtained very low

mean scores.
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7.2.1.3 Grade level comparison of mean scores i WHGT

As with the TPGT (sections 4.2.3 and 4.2.4), gréeleel analysis of learners’

performance in the VHGT focused on the relativédgrerance of grade 10, 11 and 12
learners in NS and SAS. The aim was to compareopednce at each grade level..
For this comparison, the percentage mean scorggctdo the nearest whole number,

were computed for learners in their respective ggads illustrated in Chart 7.1.

50 45
39 38

< 40 34 34
(0]
5 30 24 ONS
% 20 | B SAS
(]
=

10

0

10 11 12
Grade Lewvel

Chart 7. 1 Grade level performance of learners in the VHGT

As indicated in Chart 7.1, from the NS subsampile,mhean score (38%) obtained by
the grade 12 learners was marginally higher thahdhthe grade 11 learners (34%),
which was in turn marginally higher than the meanrs (24%) of the grade 10

learners. This implies that at each successiveegtadel in NS, there were more

learners at higher van Hiele levels than there vatrne adjacent lower grade level.
This explains the marginal progressive increaggeimormance in the TPGT along the
grade levels for the NS learners reported in seati@.3 of Chapter 4.

For the SAS subsample, although the mean score)(4b%ined by the grade 12
learners for the VHGT was higher than that of treedg 11 and 10 learners, the mean
score (34%) of the grade 11 learners was lower tinainof the grade 10 learners, who
obtained a mean score of 39% in Part A of the VH®&Mhat this means is that there
were more grade 12 learners than there were gi@ddEainers at the higher van Hiele
levels, and more grade 10 than grade 11 learnetisoat levels. These results are

consistent with and provide support for those reggbmn section 4.2.3 of Chapter 4, in
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which the grade 12 learners from SAS obtained &adrignean score on the TPGT
than the grade 10 learners, whose mean score viasiihigher than that of the grade
11 learners (see Chart 4.1).

By comparing performance at each grade level irh i8S and SAS, Chart 7.1

indicates that with the exception of grade 11, ihiok the learners from both

subsamples obtained an equal mean score of 34%eiVHGT, learners from the

SAS subsample generally outperformed their NS eopatts. As evident in Chart
7.1, the grade 10 learners from SAS obtained aehighean score (39%) than their
peers from NS whose mean score on the VHGT was Sdfilarly, the mean score

(45%) obtained by the grade 12 learners from SAS gher than the mean score
(38%) of their counterparts from the NS subsample.

These results imply that in grades 10 and 12, eitiere were more SAS learners at
higher van Hiele levels than NS learners, or theege more learners from NS at
lower van Hiele levels than SAS learners. Given rdiher low means obtained by
these learners for the VHGT, the latter case agpmare probable. But whichever is
the case, the results indicate that grade 10 arldatBers from SAS demonstrated a
better understanding of geometric ideas/concepts their peers from NS, consistent

with the results presented in section 4.2.3.

Further analysis was done to determine whetherobrthe differences in the mean
scores of NS and SAS learners in Part A of the VH&Teach grade level just

reported are significant. Table 7.2 representsehalts of this analysis.

The results presented in Table 7.2 indicate thetettwas a statistically significant
difference in the mean score of NS grade 10 learaad SAS grade 10 learners in
favour of the latter at the 0.001 levelH - 4.13, 4@f, p < 0.001). This means that
grade 10 learners from the SAS subsample perfosigrdficantly better than their

grade 10 peers from NS. Another way of putting thi say that there were far more

NS grade 10 learners than SAS grade 10 learnéns &wer van Hiele levels.
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Table 7. Zsrade level percentage mean scores in the VHGT

Grade NS SAS t-value | df | p-value

N | Mean | Std Dev.| N | Mean| Std Dev.

10 24 12417 1186 | 24| 38.75| 12.62 -4.13 | 46 | 0.0002

11 21| 3429 1217 | 23| 3435 11.21 -0.02 | 42 | 0.9860

12 23 | 3761 11.27 | 24| 44.79| 1463 | -1.88 | 45| 0.0666

As evident in Table 7.2, although the mean scoré&SAE grade 11 learners was
marginally higher than that of their grade 11 pefeosn NS, the difference in the
mean scores of these two groups of learners wasigwificant { = - 0.02, 42f, p >

0.05). This means that an approximately equal nunobeNS and SAS grade 11

learners were at similar van Hiele levels.

The t-testfurther revealed that there was no significanted#nce between the mean
score of NS grade 12 learners and that of their Bée3s, even though the latter had a
higher mean score than the former=(- 1.88, 48f, p > 0.05). This indicates that
grade 12 learners from SAS did not perform sigaifity better than their NS
counterparts in the VHGT. Given that the mean sabrihe grade 12 learners from
SAS was marginally higher than that of their NS rpe¢he results could also be
interpreted to mean that at lower van Hiele levillsere was an approximately equal
number of grade 12 learners from both subsamplgghhbt at higher van Hiele levels,

there were more SAS grade 12 learners than NS dratearners.

7.2.1.4 Mean scores in the VHGT of all learners ¢pgnder

Learners’ performance in Part A of the VHGT wastlier analysed for a possible
gender difference in the entire study sample. AarCRi.2 indicates, there was a
differential gender performance in the VHGT in favef the male learners. As was
the case with the TPGT (see Chapter 4, sectios.4)2.0n average the male learners
obtained higher scores in the VHGT, with a meanresaaf approximately 38%

compared to the female learners’ 34%.
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Chart 7. 2 Gender difference in mean score in the VHGT

A test of significance conducted indicated that difeerence between the male and

female mean scores on the VHGT was not statisyisadinificant at the 0.05 level, as
shown in Table 7.3.

Table 7. 3Mean scores of learners in the VHGT by gender

Gender | N | Meanscore| StdDev, t-value df pvalue
Male 66 37.50 15.55 -1.49 137 0.1378
Female | 73 34.04 11.66

These results were found to be strongly alignedh wibse of Usiskin (1982) on two
counts. First, the finding that the difference betw the male and female mean scores
was not significant matches Usiskin’s (1982, p. T3t “no sex differences in [results
of] ‘fall’ van Hiele levels” were evident among themerican school children who
wrote a comparable similar van Hiele geometry t8sicondly, the finding that the
difference between the male and female mean scbtée learners favours the males
is consistent with Usiskin’s study (1982, pp.75~7@here in terms of results of

‘spring’ van Hiele levels (VHS), sex differenceaded to “... favour the males”.
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7.2.1.5 Mean scores in the VHGT of NS subsamplegbpder

Analysis of the scores of learners from the NS aoie in Part A of the VHGT
revealed that there was a differential gender perdmce in favour of the male
learners. At-test however, indicated that the difference betweenniale mean score
(33.47%) and the female mean score (30.00%) wassigatficant p > 0.05). The

results are as shown in Table 7.4.

Table 7. 4Mean scores in the VHGT of NS learners by gender

Gender | N | Meanscore| StdDev, t-value df pvalue
Male | 36 33.47 15.44 -1.10 66 0.2743
Female | 32 30.00 9.42

As with the entire study sample (section 7.2.114ble 7.4 indicates that the male
learners from the NS subsample did not performifiogmtly better than their female

counterparts in the VHGT. Granted the hierarchpraberty of the van Hiele levels,

the low mean scores obtained by NS male and feleataers imply that the majority

of these learners were at the lower van Hiele tewdl geometric understanding.
Furthermore, the male and female mean scores oN8éearners (Table 7.4) were
lower than the male and female mean scores fostthdy sample (Table 7.3). This is
an indication that NS male and female learnersopexéd more poorly in the VHGT

than their SAS peers, as is evident in sectiodd 7 and 7.2.1.8.

7.2.1.6 Mean scores in the VHGT of SAS subsamplegegnder

As with the NS subsample, the male learners froemmSAS subsample obtained a

marginally higher mean score (42.33%) than themdie peers whose mean score in
Part A of the VHGT was 37.20%. The difference bemwedhese means was not

however statistically significanp(> 0.05), as indicated in Table 7.5. This means tha
the SAS male learners, like their NS counterpalits not perform significantly better

than their female peers in the VHGT.

Page 225



Table 7. 5Mean scores in the VHGT of SAS learners by gender

Gender | N | Meanscore| StdDev, t-value df pvalue
Male | 30 42.33 14.49 -1.61 69 0.1122
Female | 41 37.20 12.35

When one compares the male and female mean scofebie 7.5 with the respective
male and female mean scores in Table 7.3, one \wssé¢hat the male and female
mean scores of the SAS learners were higher thasetbf the study sample. In fact,
the male and female mean scores of the SAS leaiméne VHGT were both higher
than the mean score for the entire study sample ¢setion 7.2.1.1). This further
provides support for the point made earlier inisec?.2.1.2, that in general learners
from the SAS subsample performed better than tb@imterparts from NS. These
results also indicate that the SAS male and fetealmers performed better than their
peers from NS in the VHGT.

In terms of the levels of geometric understandihgse mean scores (42.33% and
37.20%) obtained by the male and female learnens fEAS are rather low. This
means that the majority of the male and femalenkar like their NS counterparts,

were at the lower levels on the van Hiele scalgeaimetric conceptualization.

7.2.1.7 Mean scores in the VHGT by male gender
The mean scores obtained by the NS and SAS maileelsafor Part A of the VHGT

were computed separately for learners in each efettsubsamples. The mean score
calculated for the male learners from NS was 33.4Yéile the mean score
calculated for the SAS male learners was 42.33%esA of significance (Table 7.6)
indicated that the difference in these means waissstally significant at the 0.05
level ¢ = - 2.39, 64if, p < 0.05). The meaning here is that the male learfrem the
NS subsample performed significantly more poorlythe VHGT than their peers
from the SAS subsample. That is, there were molle tearners from NS than SAS at

some lower van Hiele levels (possibly levels O)r 1
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It is worth remarking here that the SAS male lesrabtained a higher mean score
than the NS male learners not only in the VHGT, &lsb in the TPGT (section
4.2.5.4) and the GIST (section 5.2.2.4), which setudsuggest that on the whole, the
male learners from the NS subsample had a poomwlkdge of school geometry

than their peers from SAS.

Table 7. 6Mean scores in the VHGT by male gender

School | N | Mean score| Std Dev| t-value df pvalue
NS 36 33.47 15.44 -2.39 64 0.0199
SAS | 30 42.33 14.49

7.2.1.8 Mean scores in the VHGT by female gender

As with the male learners, SAS female learners iobth a higher mean score
(37.20%) in Part A of the VHGT than NS female leaas) who obtained a mean score
of 30.00% in this test. A-testanalysis indicated that the difference betweenethes
means in favour of the SAS female learners wasifgignt (p < 0.01), as shown in
Table 7.7. This means that the female learners 84S, like their male peers,
performed significantly better than their countetpdrom the NS subsample. Granted
the hierarchical property of the van Hiele levelselation to the low mean scores of
these learners, these results indicate that therityapf the female learners from both
the NS and SAS subsamples were at lower van Hekd, though it is indicated that

more NS learners were at these (lower) levels 8788 learners.

Table 7. 7Mean scores in the VHGT by female gender

School | N | Mean score| Std Dev| t-value df pvalue
NS 32 30.00 9.42 -2.73 71 0.0079
SAS | 41 37.20 12.35
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7.2.2 Analysis of the VHGT according to the van Hie levels

Part A of the VHGT consisted of 4 subtests, witkheaubtest being made up of 5
items testing learners’ attainment of a specifin tthele level (see Chapter 3, section
3.3.4.1.4, para.4). In the section under refereitogas stated that items 1-5, 6-10,
11-15 and 16-20 of the VHGT (subtests 1, 2, 34ndsted learners’ attainment of
van Hiele levels 1, 2, 3 and 4, respectively. Thalysis of learners’ performance in
the VHGT that is presented in the next three sesti@ections 7.2.2.1 — 7.2.2.3) is
based on the percentage mean scores of the patitigjdearners on each of the four
van Hiele levels examined in this study. The asdionphere is that if the fixed

sequential (or hierarchical) property of the varelklilevels is valid, as argued in
section 2.8.1 of Chapter 2, then a relationshipimerse proportion would be

expected to exist between the van Hiele levels laathers’ mean scores at these
levels.

7.2.2.1 Mean scores of learners at each van Higedl in the VHGT

The percentage mean score, rounded off to the steatwle number, at each van

Hiele level was calculated for the entire study gkemThe results are as represented
in Chart 7.3.
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Chart 7. 3 Mean score of learners in the VHGT at each vaneHmlel
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As indicated in Chart 7.3, the mean score obtamedll the learners (n = 139) for the
van Hiele level 1 subtest of the VHGT was 47%. thar van Hiele levels 2, 3 and 4
subtests, the mean scores obtained by these Isaveeg, respectively, 44%, 20% and
32%. As evident in these mean scores, learnerfoimeance in the VHGT decreases
progressively at each successively higher van Helel between levels 1-3, which
provides support for the hierarchical propertylod ¥an Hiele levels as stated in the
preceding section. It turned out, however, thatléwel 4 subtest of the VHGT was
easier for many learners in this study than thellgs subtest. As a result, these
learners obtained a higher mean score (32%) foiotimeer than for the latter in which

the mean score was 20%. This seems to be the g@attern for students’ responses
to questions typifying the van Hiele levels. Usiski982, p.32), for example, reports
a similar situation in which “some level 5 itemsned out to be easier for students
than items at lower levels . . . so, some studemsld satisfy the [classification]

criterion at levels 1, 2 and 5...”, but not at leSair 4.

The results from this study (and of course thoseasfier studies, e.g. Usiskin, 1982;
Atebe & Schafer, 2008) indicate that many learnexperience difficulty with
geometry problems typifying van Hiele level 3 reasg. Evidence for this claim is
that of all the five tasks that constituted the G(Section 3.4.1.2), the majority of the
learners in this study found Task 3 the most difficlt was in this task, which
explored learners’ knowledge of class inclusiond eglationships among shapes and
their properties — typical of van Hiele level 3Kkas- that the learners in this study
obtained their lowest mean score, as reported atiose 5.3.6 of Chapter 5. The
implication of these results (learners’ lack of udiele level 3 thought processes) is
that many of the learners have only a slight chasfcsucceeding at high school
geometry. This is because empirical study has shbatlevel 3 thought is needed to
begin formal geometry study at high school, and gifor to the beginning of
deductive geometry students have not had expesderegling to the development of
level 3 thought processes, they may not benefinfeocourse in formal geometry”
(Mayberry 1983, p.68).
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7.2.2.2 Mean scores of NS and SAS learners at eaah Hiele level in the VHGT

The percentage mean score, correct to the nealede mumber, at each van Hiele
level in the VHGT was calculated separately for M@ and the SAS subsamples.

Chart 7.4 provides a summary of the results.
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Chart 7. 4 School means at each van Hiele level in the VHGT

The mean scores calculated for learners from thesd$sample for the van Hiele
levels 1, 2, 3 and 4 subtests of the VHGT werepaetively, 42%, 44%, 17% and
25% (Chart 7.4). The performance by the NS subsaimphe VHGT as indicated by
these mean scores was only partly consistent Wéhhterarchical attribute of the van
Hiele levels, since the mean score of these lesraielevel 2 was marginally higher
than their mean score for the van Hiele subtelsval 1.

According to Dina (as cited in Usiskin, 1982, pi6}Yakes about “20 lessons” to raise
students’ thought from level 1 to level 2, and 166sons” to get them from level 2 to
level 3. Dina seems to claim that there exists@dewcognitive gap between van Hiele
levels 2 and 3 than there is between levels 1 adth@ data in this study (like that in
earlier studies, e.g. Siyepu, 2005) tends to sughar claim, since the difference in
the mean scores of these learners between the [B\aeid 3 subtests was much wider
than the difference in their mean scores betweenldliels 1 and 2 subtests, as is

evident in Charts 7.3 and 7.4. This offers a pdsstaplanation why some groups of
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learners may obtain a higher mean score for a 2gelbtest than a level 1 subtest, as

was the case with the NS learners in the curreidyst

For learners from the SAS subsample, the mean saained for the van Hiele
levels 1, 2, 3 and 4 subtests of the VHGT were 52%6, 23% and 38%,
respectively. Consistent with those of the entitelg sample (section 7.2.2.1), these
mean scores provide support for the hierarchicapgrty of the van Hiele levels,
since they decrease progressively at each higheiHigle level between levels 1-3.
As with the NS subsample, the majority of the SA&hers found the level 4 subtest
easier than the level 3 subtest and thus obtainedler mean score (38%) for the

former than for the latter.

On a comparative level, Chart 7.4 shows that ah @an Hiele level, learners from
the SAS subsample obtained higher mean scoresrinAPaf the VHGT than their
counterparts from NS. What this means is that latike terms, NS learners in this

study had a poorer knowledge of geometric ideas their peers from SAS.

Given that for the van Hiele 1 subtest learnersdadeonly to recognise and name
shapes, and that the level 2 subtest requirecetiradrs only to identify the properties
of shapes, it would be fair to say that on the whahe low mean scores of the
learners at these and other levels can be integpras evidence of their weak

knowledge of school geometry.

7.2.2.3 Grade level means of NS and SAS learnemsamth van Hiele level in the
VHGT

Mean scores were calculated at each van Hiele lavieart A of the VHGT for each

grade category of learners from NS and SAS. Thaltseare represented in Table 7.8.
The grade level analysis of learners’ performanceach van Hiele level in the

VHGT (Table 7.8) indicates that, with the exceptmingrade 10 learners from NS,
there was a progressive decrease in the mean sobrdsese learners at each
successively higher van Hiele level from 1 to 3o(bh NS grade 11 learners had
equal means at levels 1 and 2). This provides ecel®f the hierarchical property of

the van Hiele levels. For grade 12 learners fromNI$ subsample, for example, the
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mean score (56.52%) at level 1 was higher tham thean score (50.43%) at level 2,

which was in turn higher than their mean scorel3pat level 3.

Table 7. 8Grade level means at each van Hiele level in th&Vhber school

NS SAS
Van Hiele level Grade Grade
10 11 12 10 11 12
(N=24) | (N=21) | (N=23) | (N=24) | (N=23) | (N=24)
1 25.83 44.76 56.52 53.33 45.22 55.83
2 35.83 44.76 50.43 37.50 43.48 54.17
3 13.33 18.10 19.13 19.17 18.26 30.83
4 21.67 29.52 24.35 45.00 30.43 38.33

As evident in Table 7.8, the van Hiele level 3 sgsbtemains problematic for learners
across all three grades in each of the participatohools. The learners in their
respective grade categories obtained their lowestmscore for the van Hiele level 3
subtest. This implies that the majority of the teas in this study had difficulty in

dealing with problems concerning class inclusiond the relationships between the
properties of various simple geometric shapes,mtdeen different shapes. This is
consistent with Mayberry’s (1983, p.65) researctwhich within her sample of 19

American pre-service elementary teachers, “clasdusions, relationships, and
implications were not perceived by many of the shid”. These results also
corroborate the findings reported in section 5& Lhapter 5, which indicate that

knowledge of class inclusion was simply absent amtbe GIST sample.

Table 7.8 further indicates that, with the excaptid grade 11 in which NS learners
obtained a marginally higher mean score than SAghés, at each grade level and
for each van Hiele level subtest, learners fromSA& subsample outperformed their
NS counterparts in the VHGT. This provides supgortthe point made earlier in

section 7.2.1.2, that SAS learners in this studydaetter understanding of geometric

concepts as measured by the VHGT than their peams KS.
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7.2.3 Assignment of levels

Two classification methods were used to assignléheners to various van Hiele
levels, according to the ‘3 of 5 correct’ successedon as explicated in section
3.4.1.4 of Chapter 3 (see second grading methdlideirsection under reference). The

two classification methods were adopted from Usigkid82) and they are as follows:

1. Modified/classical van Hiele levelsA learner’s van Hiele level was defined
to be the highest consecutive level (beginning frienel 0) he or she has
mastered. If, for example, a learner satisfiesctiiterion at levels 1, 2 and 4,
he/she would be assigned to van Hiele level 2. Nlwa¢ under the classical
theory, a student’s skipping of level 3 would net tbndoned (see Usiskin,
1982).

2. Forced van Hiele levelsHaving assumed the fixed sequence of the lewels t
be valid, Usiskin (1982) believes that a learneposéhresponses do not fit the
sequence is demonstrating a random fit. He hasfibrer developed a method
for assigning levels to such learners as followstudent is assigned to level n
if “(a) the student meets the criterion at leveksna n-1 but perhaps not at one
of n-2 or n-3, or (b) the student meets the cotert level n, all levels below
n, but not at n+1 yet also meets the criterionra higher level” (Usiskin,
1982, p.34). The forced van Hiele method of lexssignment, as will be seen
later on in this chapter, allows for many more etutd to be assigned to van

Hiele levels than the modified or classical vanlélimethod of classification.

7.2.3.1 Distribution of NS learners into van Hielevels

Usiskin’s (1982) schematic description of the 32gible profiles of meeting or not
meeting the criteria at the 5 van Hiele levels #hedcorresponding weighted sum and
assignment of forced van Hiele levels were adapteprovide 16 profiles for this
study. In Table 7.9, the number and percentage Sflédrners at each forced van
Hiele level (Forced VHL) and the modified (M)/class (C) van Hiele level based on
the ‘3 of 5’ success criterion are given. An x lire ttable means that the learner has

satisfied the criterion at that level
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Table 7. 9Schematic description and number of NS learneeseh level of forced van Hiele
assignment

Forced Weighted Level 3of5 Total (%)
VHL Sum 1 2 3 4 Criterion at level
Forced VHLO = 0 CO0, MO 23
2 X 11
4 X 2
8 X _0 36 (53)
ForcedVHL1= 1C1, M1 X 12
5 X X
9 X X 3 15 (22)
Forced VHL2= 3C2, M2 X X 14
11 X X X 2 16 (24)
Forced VHL 3 = 6 X X —l
7 C3, M3 X X X 0 1(1)
Forced VHL 4 = 13 X X X 0
14 X X X 0
15C4, M4  x  x X 0 0 (0)
Forced No fit = 10 X X 0
12 X X _ 0 _0(0)
Total 68 (100)

Table 7.9 indicates that of the 68 learners from N6 subsample who wrote the
VHGT, 36 (53%) were at the pre-recognition levek.(ilevel 0) of geometric
reasoning as measured by the van Hiele geometule,sehile 15 (22%), 16 (24%)
and 1 (1%) were, respectively, at levels 1, 2 anddhe of the learners from NS was
at level 4 in the van Hiele hierarchies of geonecetonceptualization. As can be seen
in the table, of the 36 learners who were at |&y&3 did not meet the ‘3 of 5 correct’
success criterion at any one van Hiele level, whilelearners met the criterion at
level 2, 2 others at level 3 and none at level HesE were learners whose weighted
sum scores were 0, 2, 4 and 8, respectively, asvident in Table 7.9. Similar
interpretations hold true for learners who werdeaels 1 through 4 in Table 7.9.
There were no learners from the NS subsample wiesgmnse pattern did not ‘fit’
the forced van Hiele level classification using tBeof 5 correct’ success criterion.
That is to say, as Table 7.9 indicates, all thel@#8ners were classifiable in terms of

van Hiele levels.
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7.2.3.2 Distribution of SAS learners into van Hielevels

As with the NS subsample, Usiskin’s (1982) scheenddiscription of the 32 possible
profiles of meeting or not meeting the classificatcriteria at the 5 van Hiele levels
and the corresponding weighted sum and assignnidatagd van Hiele levels were
adapted to yield 16 profiles for the SAS subsanpthis study. Table 7.10 shows the
number and percentage of SAS learners at eachdfeare Hiele level (Forced VHL)
and modified (M)/classical (C) van Hiele level aaling to the ‘3 of 5 correct’
success criterion. An x in the table indicates thatlearner has met the criterion at
that level.

Table 7. 10Schematic description and number of SAS learneesett level of forced van Hiele
assignment

Forced Weighted Level 3of 5 Total (%)
VHL Sum 1 2 3 4 Criterion at level
Forced VHLO = 0 CO, MO 20
2 X
4 X
8 X _4 29 (41)
ForcedVHL1= 1C1, M1 X 13
5 X X
9 X X 2 16 (22)
Forced VHL2= 3 C2, M2 X X 10
11 X X X 7 17 (24)
Forced VHL 3 = 6 XX 2
7C3, M3  x x X 0 2 (3)
Forced VHL 4 = 13 X X X 1
14 X X X 1
15C4, M4 X X X 2 4 (6)
Forced No fit = 10 X X 2
12 X X 1 34
Total 71 (100)

As evident in Table 7.10, of the 71 learners fréma SAS subsample who wrote the
VHGT, 29 (41%) were at the pre-recognition levek.(ilevel 0) of geometric
reasoning, while 16 (22%), 17 (24%), 2 (3%) and%) were, respectively, at van
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Hiele levels 1, 2, 3, and 4. Of the 29 learnerkewa! 0, 20 did not meet the ‘3 of 5’
success criterion at any one van Hiele level wittegghted sum score of 0; 5 met the
criterion at level 2 with a weighted sum score ph@ne met the criterion at level 3
and; 4 met it at level 4 with a weighted sum scoff. The number of learners at
levels 1 through 4 could similarly be interpret@tiere were 3 learners from the SAS
subsample whose responses did not ‘fit’ the foread Hiele level classification.

These learners had weighted sum scores of 10 grasX2&n be seen in Table 7.10.

7.2.3.3 Number of learners at each modified andded van Hiele level

Part A of the VHGT was further analysed in orderditermine the number and
percentage of NS and SAS learners at each van ¢ according to the modified

van Hiele level classification and the forced vaeléllevel assignment methods. The
‘3 of 5 correct’ success criterion was used in bd#ssification methods. The forced

van Hiele figures are the ones in parenthesis biela.11.

Table 7. 11Number and percentage of learners at each modifiddorced van Hiele level

NS SAS
Level N % Level N %
0 23 (36) 34 (53) 0 20 (29) 28 (41)
1 12 (15) 18 (22) 1 13 (16) 18 (22)
2 14 (16) 20 (24) 2 10 (17) 14 (24)
3 0(1) 0(1) 3 0(2) 0(3)
4 0(0) 0 (0) 4 2(4) 3(6)
Total fitting 49 (68) 72 (100) Total fitting 45 (68) 63 (96)
No fit 19 (0) 28 (0) No fit 26 (3) 37 (4)
Totals 68 (68) 100 (100) Totals 71 (71) 100 (lOOP

As stated at the beginning of this section and lesve in Table 7.11 the two
classification methods — modified van Hiele andéal van Hiele level assignments —
were used to assign learners from both the NS la@BAS subsamples to different
van Hiele levels using the ‘3 of 5 correct’ succesgerion in each case. The Table
indicates that using the modified van Hiele levesignment scheme, a total of 49
learners (72%) from the NS subsample were assigrtabVarious van Hiele levels,
while 19 (28%) of them did not ‘fit’ this classifiion scheme. Of the 49 learners that
‘fitted’ the modified level assignment scheme, Z3%), 12 (18%) and 14 (20%)
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were at van Hiele levels 0, 1 and 2, respectivEhere were no learners from NS at

van Hiele levels 3 and 4 under this classificaBoheme.

When the forced van Hiele level method was usdd&learners (100%) from the
NS subsample who wrote the VHGT were assignabl@amoHiele levels. The number
and percentage of NS learners at each van Hieé #dso increased under the forced
van Hiele level assignment scheme, with 36 (53%),22%), 16 (24%) and 1 (1%) of
the learners at van Hiele levels 0, 1, 2 and Jeetsvely. Thus Table 7.11 indicates
that forced van Hiele level assignment can be @ weeful (though less strict)
determination scheme because it enables almosy &amner to be assigned to a van
Hiele level. This is consistent with Usiskin's spu@1982), in which 99.7% of
American school children were assigned a level. S€qoently, unless otherwise
stated, learners’ assigned van Hiele levels inghisly were established according to

the forced van Hiele level determination scheme.

As far as the SAS subsample is concerned, Tablei@dlcates that 45 learners (63%)
were assignable to van Hiele levels under the nemtliifan Hiele level assignment
scheme, while responses from 26 (37%) of them dit ‘fit’ this classification
scheme. Of the 45 learners that ‘fitted’ the sche20g28%), 13 (18%), 10 (14%) and
2 (3%) were, respectively, at levels 0, 1, 2 araf the van Hiele scale of geometric
conceptualization. As was the case with the NSaubpge, there was no learner in the
SAS subsample that met the ‘3 of 5 correct’ successrion at level 3 in the VHGT.
This revelation reinforces the claim made earlesection 7.2.2.1 that the majority of
the learners in this study tend to have difficuttydealing with geometry problems

that typify van Hiele level 3 reasoning.

As with the NS subsample, when the forced van Hmlel assignment scheme was
introduced, a much greater number of SAS learn@8saf 96% of them) proved
assignable to van Hiele levels than was possibieuthe modified theory (Table
7.11). The number of SAS learners at each van Héekd assignment also increased
under the forced van Hiele level assignment schéfmaimg this scheme, as Table 7.11
indicates, there were 29 (41%), 16 (22%), 17 (248248%) and 4 (6%) SAS learners
at van Hiele levels 0, 1, 2, 3 and 4, respectively.
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On a comparative level, it is evident in Table 7(figures in parenthesis) that the
percentage of NS learners (53%) who were at vateHgsel O was higher than that
of SAS learners (41%). What this implies in relatierms is that there were more
learners from the SAS subsample who were at higherHiele levels and hence had
a better knowledge of school geometry than thegrpdrom the NS subsample.
Indeed, Table 7.11 clearly shows that the percent#gSAS learners at van Hiele
levels 3 (3%) and 4 (6%) was higher than that of IBE8ners at van Hiele level 3
(1%) and level 4 (0%). There were, however, equalltw percentages of learners
from both the NS and the SAS subsamples at vareHeslel 1 (22%) and level 2
(24%).

To summarize, Table 7.11 indicates that a largeritgjof the learners from both the
NS and the SAS subsamples were at van Hiele lev&h® number of learners at

levels 1 and 2 was very small, and there were almarse at levels 3 and 4.

The overall interpretation of these results is ttheg majority of the learners who
wrote the VHGT were at level 0 on the van Hielergetric scale, which means that
their knowledge of school geometry was poor. Ther mdsence of learners at levels 3
and 4 implies that most of them did not possessetiperience necessary for the
formal study of high school geometry. These resoffer possible explanations for
the participants’ poor performance in the TPGT, TGEhd CPGT, as discussed in

chapters 4, 5 and 6, respectively.

7.2.3.4 Grade level distribution of learners intaw Hiele levels

Part A of the VHGT was further analysed separaftefylearners in each of the three
grades of the participating schools in order toeduine the distribution of these
learners into the van Hiele levels. The forced taele level determination scheme
was used to assign the learners into van Hielddeaecording to the ‘3 of 5 correct’

success criterion. The results are summarized leTAa12.
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Table 7. 12Numberand percentage of NS and SAS learners at each iede [Elvel per grade

Level Grade 10 Grade 11 Grade 12
NS SAS NS SAS NS SAS
N % N % N % N % N % N %
0 18 75 9 | 38 10 47 | 12 52 8 | 35| 8 33
1 4 17 8 33 5 24 4 17 6 26 4 17
2 4 | 17 5 24 | 5 22 9 | 39| 8 33
3 0 5 0 0 2
4 2 0 0 0 0 1
Total fit 24 100 23 | 96 21 100 | 22 96 23 | 100 | 23 96
No fit 0 0 1 4 0 0 1 4 0 0 1 4
Totals 24 | 100 | 24 |100| 21 100| 23 | 100 | 23| 100 24 | 100

The point made earlier in section 7.2.3.3, thatftineed van Hiele level determination
scheme allows nearly all learners to be assignddvals, is again demonstrated in
Table 7.12. As the table clearly indicates, in eatlgrades 10, 11 and 12, 100% of
the NS learners and 96% of the SAS learners wesigrable to van Hiele levels.

Only 1 (4%) of the learners did not fit' the fok@an Hiele level assignment scheme
in each grade in the SAS subsample. The consistaitty which learners were

assigned van Hiele levels across the three gradeadh of the participating schools

makes the forced van Hiele level assignment scleewey useful one indeed.

Although the majority of the learners in each gréen both schools were at van
Hiele level O, the proportion of NS grade 10 leasnat level 0— 75% — perhaps

deserves special mention. This percentage repeeseme-quarters of the grade 10
learners from the NS subsample who wrote the VHGB® very large number of NS
grade 10 learners at van Hiele level 0 explainsvérg low mean score obtained by

these learners in the VHGT, as reported earlisestion 7.2.2.3.

Another important point about Table 7.12 is thathvihe exception of grade 11, there
were higher percentages of NS learners at levbeb@ SAS learners. This indicates
that there were more learners in the NS subsampte vad a weak knowledge of
geometric concepts than there were in the SAS sutisa This offers a plausible

explanation of why SAS learners outperformed tiN& counterparts in all the tests
(TPGT, GIST and CPGT) used in this study. It is am@nt to point out, however, that
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the percentage of NS grade 12 learners at van edds 1 (26%) and 2 (39%) was
higher than that of the SAS learners at these dewwlen though no NS grade 12

learner was at van Hiele levels 3 and 4 (see TAL[R).

As is evident in Table 7.12, learners across tla@gievels in each subsample had
difficulty with van Hiele level 3 geometry problemwith no grade 10 learners
meeting the ‘3 of 5 correct’ success criteriontas tevel. From the NS subsample,
only 1 grade 11 learner was at van Hiele level ldJeMrom the SAS subsample, only
2 grade 12 learners were at this level. Hence gagrpeoblems typifying van Hiele

level 3 reasoning tended to be problematic forlgesdlthe learners in this study.

7.2.3.5 Analysis of items 8, 11, 12 and 17 of tHéG/T

It was stated in Chapter 3 (section 3.3.4.1.4,.Bathat items 8, 11, 12 and 17 of Part
A of the VHGT were adopted from Usiskin’s (1982hdiele geometry test in which
they occurred as items 10, 15, 14 and 20, resm@dgtiVhe purpose of adopting these
items was explained in the section referred to. dase of reference in this section,
Usiskin's (1982, p.155) sample for the “van Hieledgetry Test”, which was made
up of a total of 2699 U.S. high school learnerss dasignated VHS sample, while the
sample in the present study was referred to a¥H@T sample. It is worth pointing
out that the analysis that follows does not assthmethese samples are necessarily
comparable, beyond the simple facts that the ntgjofithe learners in both samples
were roughly within the same age bracket (14-17syéa the VHS sample and 15—
19 years for the VHGT sample), and that many ofmtted been taught high school
geometry at the senior phase of secondary edudatiat least one year (see Usiskin,
1982).

Usiskin (1982) administered his van Hiele geomésist twice to his sample of 2361
American high school learners. At the beginninghef school year, within the “first
week of school”, he administered what he calledll‘iWan Hiele geometry test’
(VHF), and towards the end of the school year (al3oto 5 weeks before the end of
school), he administered an identical ‘Spring vaaléigeometry test’ (VHS) to his
sampled learners. Since the VHGT, like the thrémrotests used in this study, was

administered to the learners just a few weeks betloe end of the school year, only
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the scores of Usiskin’s (1982) VHS (and not VHFngée were compared with those
of the samples tested in the present study. Sheeptions for each of the four items
were juggled in the present study, the item anglyisi terms of the percentage of
learners who chose a particular option (A, B, GoiE) as presented in Table 7.13,
matches the questions set for this study alone. VH& figures represent the
percentage of learners who chose an option witlsdinee wording but not necessarily
with the same letter option (A, B, C, D or E) as WHGT. For the contents of these
four items, reference should be made to Appendix16.p.84. The percentage of

learners who made the correct choice appears imei@idnd in bold in Table 7.13.

Table 7. 13ltem analysis for items 8, 11, 12 and 17 in the VIHG

Item | Choice Percentage with Choice
VHS sample VHGT sample NS VHGT sample SAS
A 9 9 8
B 6 20 10
8 c 58 34 38
D 9 11 23
E 16 25 21
A 7 11 11
B 50 13 21
11 C 7 13 14
D 10 25 13
E 26 37 41
A 15 22 35
B 16 9 10
12 C 8 13 11
D 34 z i3
E 39 49 31
A 44 22 34
B 11 24 18
17 C 5 12 20
D 16 10
E 35 20 18

It is immediately visible in Table 7.13 that forchaof the four items, the percentage
of learners who made the correct choice in the \#d®iple was higher than that of
the VHGT (SAS) sample, which was in turn higherntithat of the VHGT (NS)
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sample. This means that in respect of all the fiteims, learners in this study

performed worse than their American peers.

The percentage of correct answers as presentedble 7.13 for both the VHS and
the VHGT samples tends to be consistent with tleeahnthical property of the van
Hiele levels. The percentage of learners who ctiyr@answered the van Hiele level 2
question (item 8), the level 3 questions (itemsab#l 12) and the level 4 question
(item 17) decreases between levels 2 and 3 in@fattie samples. In particular, fewer
learners from each of the samples managed to angmerl2 — a van Hiele level 3
question — correctly. This is an indication than \diele level 3 geometry problems
are difficult not only for African (Nigerian and 8th African) school children, but
also for American high school learners. For thigtipalar item, reproduced
hereunder, it is important to note that a high eetage of the learners from each of

the samples chose option E as the correct answer.

Item 12 Which istrue?
A. All properties of rectangles are properties ofpaltallelograms.

All properties of squares are properties of altaegles.

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

mo o w

The students’ responses to these four items, atekdhto all the items in the VHGT
that exemplify van Hiele level 3 questions, tendirtdicate that learners generally
have difficulty with the ordering of the propertied simple geometric shapes,

consistent with the results reported earlier foskra of the GIST (see section 5.3.3).

7.2.3.6 Item analysis of the VHGT

A comprehensive item analysis of the VHGT for eatthe participating schools and
at each grade level is contained in Appendix 6.B,Jpp.121-128. Also, individual

learners’ performance in the VHGT is presented ppéndix 6.C.1-6, pp.115-120. In
this section, learners’ performance in the VHGRislysed only at school level and

with reference to a few selected items.
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In both the NS and the SAS subsamples, the higlexsentage of learners correctly
answering any item in the VHGT occurred in the thele level 1 subtest. In the NS
subsample this was 65%, while in the SAS subsantpleas 73%. This was the

response to item 1 of subtest 1. There were 26%Dflearners and 23% of SAS
learners who thought that a long thin triangle wata triangle (item 1). The lowest
percentage of learners from both subsamples to emsarrectly any item in the

VHGT was recorded in respect of item 12 of the Migle level 3 subtest. For the NS
subsample, this percentage was 7%, for the SASasuylis, 13%.

For the NS and the SAS subsamples, 29% and 14%eofetarners, respectively,
thought that a long narrow rectangle was not aarege (item 2). There were
respectively 56% and 41% of the NS and the SAShé&rarwho thought none of a
square, a rhombus and a rectangle could be callpdrallelogram (item 5). This
reinforces the claim that nearly all the learnershis study could not perceive class

inclusions of shapes, as reported earlier in se&i8.3 of Chapter 5.

No item in the VHGT that required reasoning to aduosion (items 14, 15, 17 and
20) was correctly answered by more than 40% ofléheners in either of the two
subsamples. This implies that the majority of ts@rhers in this study were not fully

ready for a deductive study of school geometry.

The results reported in this section are generediysistent with those of Usiskin
(1982, p.70). For example, Usiskin observes thioagh many American students
were able to identify rectangles, “over two-thitdgk a square is not a rectangle;” he
also notes that “no item dealing with reasoningataconclusion...was correctly
answered by more than half the students in theofalvo-thirds of the students in the
spring”. In the next section, results of studempsiformance in Part B of the VHGT

are presented.
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7.3 Learners’ performance in Part B of the VHGT

It was stated in section 3.3.3.1.4 of Chapter 8 Baat B of the VHGT consisted of 3
items (see the section under reference for dethilsach of these items) and that it
was grade specific. The general criteria for grgdims section of the VHGT were
articulated in section 3.4.1.4. Mean scores were used to describe learners’
performance in Part B of the VHGT owing to the veoor performance of many of
the learners. Instead, it was considered more bLsefd informative to describe
learners’ performance in terms of the percentagbarh obtaining certain percentage
scores for each item in this test. Due to the gtadel specificity of the questions, the
analysis that is given here is according to thelgdavels in each of the participating
schools. Performance with regard to each of thel®s was analysed separately in
each grade, as all examined different though ieketed abilities on the part of
learners (ability to solve geometric riders, apitib supply reasons for steps in proofs

in geometry, and ability to write proofs in geonygtr

7.3.1 Analysis of grade 10 learners’ performance iRart B of the VHGT

Performance on item 1 and SVHGT Of the 4 points maximum obtainable for this
item, no learner in either subsample obtained eveimgle point. It was disappointing
that despite the multipath approaches to this pralds illustrated in section 3.3.4.1.4
(see Figures 3.6 and 3.7), none of the learneeyarffany meaningful solution that
could allow for the assignment of even 1 point. Thesponses of the learners
generally indicated that the majority of them confit deal with geometry problems
that require two or more lines of reasoning to tgethe answer. There were some
common patterns in the learners’ responses toitins (reproduced hereunder for

ease of reference) that deserve comment.

Iltem 1
In the diagram, AH/ CB andl ADC = | CDO. O BAE = 29° andJACD = 53°. Find

the value ok. You are to show your workings, giving reasonsdach step.

Page 244



Of the 24 learners from NS who answered this qoes29% of them simply added
the given values in the diagram to obtain the valwe Five others, representing 21%
of the learners, simply subtracted the smaller ftbenbigger of the two given values
in the diagram to obtain the value fThus these learners carried out mathematical
operations that involved only one line of reasonifige rest gave answers that were

patently meaningless.

Although SAS learners, like their NS counterpaptaivided incorrect answers to this
question, the majority of them were able to perfomathematical operations
requiring two lines of reasoning. Of the 24 gra@dedarners from the SAS subsample
that answered this question, 25% of them addedthe given values in the diagram,
equated their answer to 180° and then solvedxfofhese learners appear to be
wrongly applying the notion that the angle sum dfiangle is 180°. There were 10
other learners representing 42% of the group wke,their NS counterparts, simply
added the given values in the diagram to obtairvéthee ofx. For another 8% of the
learners, the smaller of the two given values & dimgram was subtracted from the
bigger to get the value af There were yet another 13% of the learners wideaddhe
given values in the diagram and deducted the som 80° to arrive at the value of

X.

Performance on the SVHGT The reason for administering the SVHGT
(Supplementary van Hiele Geometry test) to the grdd learners and the
composition of this test were explained in sect®8.4.1.4 of Chapter 3. As was
stated in the section under reference, questiontllecSVHGT required only one line
of reasoning to get to the answer, while questiaeduired two lines of reasoning.
Learners’ responses to this test (reproduced imrBigy.1 for ease of reference),
indicated that many learners from the SAS subsarbptejust a few from the NS
subsample could handle triangle problems requidnly one line of reasoning. A
triangle problem requiring two lines of reasonimgréach the answer tended to be

difficult for the majority of the learners in boslmbsamples.
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Question 1 Find the value ofx in | Question 2.Find the value ok in the
AABC drawn below. Give a reason fprdiagram below. Give a reason for each
each step in your answer. step in your answer.
A D
B/ 94°
B
45°
X
¢ A c

Figure 7. ltems in the SVHGT for the grade 10 learners

Only 2 learners representing 8% of the grade l@néra from NS achieved the
maximum score of 4 points for the SVHGT (2 poiras éach question). Two other
learners obtained 1 point (or 25%) each for queRi@f the SVHGT. The rest of the
learners in this group scored zero points for tieélGT. The results here were found
to be consistent with those of Clements and Batt{$©92), as reported in section
2.7.3.8 of Chapter 2.

It was evident from the responses of these leathatsmany of them not only had a
weak conceptual knowledge of geometry, but als&ddgroblem-solving ability in
this learning area. Just as they did with item Paift B of the VHGT, the majority of
the learners from NS simply added the given valnesch of the two diagrams as the

respective values of

As with the NS subsample, only 2 (or 8% of theyheas from the SAS subsample
obtained 100% on the SVHGT, i.e. answered both tqpres correctly. There were,
however, many more learnets16 of them, or 67%- from the SAS subsample who
correctly answered question 1 of the SVHGT. Tweeotlkarners scored 1 point each
for question 1 of the SVHGT. These were learners miade subtraction errors while
trying to solve forx. The responses of 4 other learners were simplynmgkess.
These results indicate that the majority of the $A&8le 10 learners were comfortable

with a triangle problem that required only one lofereasoning to get to the answer,
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but like their NS counterparts, had difficulty iealing with a triangle problem that

required two lines of reasoning.

Performance on item 2 As stated in section 3.3.4.1.4 of Chapter 3, igof Part B
of the VHGT required the learners to fill in statmts or reasons in an almost
completed geometry proof (see Appendix 6.A.1, p.&§ with item 1, learners’
performance on this item was very poor. Of the maxn of 4 points for this item,
only 1 learner from the NS subsample managed t@imlit point, the rest scoring zero
points. For the SAS subsample, 1 learner obtaingubiits, and 2 other learners
scored 1 point each on this item. The rest, lil@rthNS counterparts, obtained zero

points.

Given that the ability to supply reasons for stepa proof belongs to level 4 in the
van Hiele hierarchy of geometric thinking levelsgssection 2.8), and in view of the
findings in section 7.2.3.4 that the majority of flearners in this study were at levels
0 and 1, then the result here should come as mwiser These learners were simply

not ready for the study of geometry that uses dizduiapproaches.

Performance on item 3 This item required the learners to write a conglaoof of
the theorem that states that the sum of the amdlastriangle is 180° (see Appendix
6.A.1, p.84). All the learners failed to do thistlwonly 1 NS learner out of both the

NS and the SAS subsamples managing to obtain 1 poirof the 4 points maximum.

When learners’ performance on this item is compasgti their performance on
Investigation 1 of the CPGT as reported in sedidhl of Chapter 6, it is evident that
although the majority of the grade 10 learners @adtermine (through investigation)
that the angle sum of a triangle is 180°, only & f& them could generalize their
observation as a conjecture, and fewer still ()arould prove their conjecture. What
is disturbing in the poor performance of theserees is that teachers’ questionnaires
(Appendix 2, p.11) indicated that these learneds teen taught not only the proof of

this theorem, but also its application to solvirgetric riders.
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7.3.2 Analysis of grade 11 learners’ performance iRart B of the VHGT

Performance on item 1 As stated in section 3.3.4.1.4 of Chapter 3, it&ém
(reproduced hereunder for ease of reference) df Paf the VHGT for grade 11
learners only required the learners to determiresimg valuesx andy) in a triangle

using their knowledge of proportion/similarity.

Item 1 for the grade 11 learners
Find the values af andy in the diagram

Although teachers’ questionnaires indicated thas¢hlearners had been taught the
concepts of proportion and similarity, learnerspenses to this item did not reflect
this claim. Of the 4 points maximum obtainable bis item, all 23 learners from the
SAS subsample who wrote this test scored zero @oft the 21 learners from NS
who wrote the test, only 1 (or 5%) scored 2 poimksle another 3 (14%) scored 1

point each. The rest, like their SAS counterpatbjeved zero points.

Learners’ written responses to this item did natvehany clear pattern of logical
thinking. It was indeed difficult to understand tlmeasoning that underlay the
responses of almost all of them. The majority, plap impulsively, added together
the given numerical values in the diagram as thieievaf the unknown, as is
illustrated in Lamani’s response to this item. Lam#id not attempt to find the value
ofy.

Lamani’s response to item 1: BEIICD  [parallel]
AB = BE[O ofA]
6 + 8 =yx [0 oftheA]
xv=8 + 6
=14
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Clearly, responses such as Lamani’s are indicatitke fact that these learners had a
problem with solving geometric riders that requar&nowledge of proportion. These
learners did not seem to understand the conceptsragfortion and similarity in

geometry, which runs counter to curricular expéatest of them.

Performance on item 2 This item, as with the grade 10 learners, reguire grade
11 learners to fill in statements or reasons iralamost completed geometrical proof
(see Appendix 6.A.2, p.94). In relative terms, teas from both the NS and the SAS
subsamples did better on this item than they didtem 1. Out of a maximum of 4
points, 2 learners from the NS subsample obtaingoir®s apiece for this item. Three
other learners from the NS sample scored 2 poartd, another two learners scored

one point each. The rest of this group of learobtained zero points.

Among the grade 11 learners from SAS, one managebdttain 2 points for this item,
while 3 others each scored 1 point. The rest obthzero points. Supplying reasons
for steps in a geometric proof appears to be maligieasier for these learners than

solving geometric riders entirely on their own.

Performance on item 3 This item required the learners to write a conglaoof of
the theorem that states that a line (drawn) parallene side of a triangle divides the
other two sides proportionally. This item was gafigrdifficult for virtually all the
learners from both subsamples. Only 1 learner ftbenNS subsample managed 2
points out of the maximum of 4 points. This learaetually showed some level of
consistency in performance across all three itehi2aot B of the VHGT, scoring 2
points for item 1, 3 points for item 2 and 2 poifusitem 3. The rest of the learners in
this group achieved zero points for item 3. Evergdg 11 learner in the SAS
subsample scored zero points on item 3 of Part Bi®@VHGT. It was evident from
their responses that the majority of the gradeehtnlers in this study had problems

with the writing of proofs in geometry.
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7.3.3 Analysis of grade 12 learners’ performance iRart B of the VHGT

Performance on item 1 This item (reproduced hereunder) required thedgra2

learners to determine the value of an unknown apxjli& a circle geometry problem.

Item 1 for the grade 12 learners
In the diagram, ACDE is a circle with EBDC and ABO=| AEL. Find the value of

X. You are required to show your workings, givingsens for your steps.

As elementary as this item seems, no learner fioenNS subsample managed to
score any points at all. This shows that thesenégarhad difficulty dealing with riders

in circle geometry.

The performance by the SAS learners on this iters peaticularly impressive, not in

terms of the number of learners doing it corredilyt in terms of the number of points
obtained by those who solved it correctly. Fiverheas from this group obtained the
maximum of 4 points each on this item. The abiigysolve riders in circle geometry
was evident in the responses of these 5 learnavs. 0f their responses (those of
Asanda and Xola) are as shown in Figure 7.2. Tke okthe group, like their NS

counterparts, scored zero points.
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Asanda Xola

] O
In cyclic quad ACDE:A+D = 180° 6ppl's

O
of cycl. quad supg) E AB =180 (opp.angles a cycl quad are suppl
. In A AEB;
O A =180° - 100° = 80° -
N ) E = B (basel’s of an isosceleA)

INnAABE: A+ B+E=180° (int.O's ofA) o 0

o 0 0 80° + B+C=180° 's of A
O B+E =180°-80° O @ )D O

=100° 0O 2B=180° -80° B=E)

O O O

0 B= E=50° (basél’s of isosceled) 0 B=50°
D — o L

O x=B=50° (corrd’s are equal, B/ CD) 5 x=50 (corr)'s are equal)

Figure 7. 2Exemplifying grade 12 learners’ solution to iteroflPart B of the VHGT

Performance on item 2 As with grades 10 and 11, this item required ghede 12
learners to fill in statements or reasons in anbatncompleted geometrical proof (see
Appendix 6.A.3, p.104). Many of the grade 12 leasrfeom both subsamples attained
partial success on this item. Out of the 23 learfim NS that wrote the test, 2 (7%)
obtained 3 points out of the maximum of 4 pointsthas item. There were 10 learners
(43%) who scored 2 points, and 3 (13%) who scoredidtpThe remainder scored
zero points.

All 24 grade 12 learners from the SAS subsampldemtais test and 2 (8%) of them
scored the maximum of 4 points on this item. Tw@)8earners obtained 3 points
and 2 (8%) obtained 2 points, while 9 (38%) managestore 1 point. The rest, like
their NS counterparts, got zero points. As wasdhse with the grade 11 learners,
supplying reasons for steps in a geometric proefresl to be easier for the majority

of the grade 12 learners than having to solve sidecircle geometry.

Performance on item 3 This item required the grade 12 learners to vaitomplete

proof of the theorem that states that the extemmle of a cyclic quadrilateral is equal
to the interior opposite angle. The grade 12 laarrfeom the NS subsample
performed poorly on this item. Only 1 of the 23 mged to score 1 point out of a
maximum of 4, the rest getting zero points. Theulteshere are in line with those
reported in section 6.3.3 of Chapter 6, where fdating conjectures was found to be

generally difficult for the majority of the NS la@rs. That is, while many of these
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learners could not formulate conjectures, a stilager number of them could not

prove their conjectures.

The performance on this item was slightly differéartthe SAS learners. Five of the
SAS learners were able to obtain the 4 points maxinfor this item. With one

exception, these were the same five learners whieddhe maximum of 4 points for
item 1 of Part B of the VHGT, as reported earlierthis section. These learners
therefore demonstrated a fairly consistent knowdedfj circle geometry. One other
learner from the SAS subsample obtained 1 pointhiisritem. The rest of the learners

got zero points.

That learners from the SAS subsample did betterttos item than their NS
counterparts seems to be consistent with the seemebrted in section 6.3.3, in which
for the CPGT, far more SAS learners were able toigate conjectures than learners
from the NS subsample. These results seem to dudies learners who are
successful with conjectures in geometry are likelydo better in proof writing than

their peers who are unsuccessful with conjectures.

7.4  Chapter conclusion

This chapter has focused on the analysis of legrperformance in the VHGT. Their
percentage mean scores in Part A of the VHGT wasneed before they were
assigned to van Hiele levels. The chapter concludét analyses of learners’
performance in Part B of the VHGT, which examinéeirt problem-solving and
proof-writing abilities in school geometry. Amondpet major findings are the

following:

* An overall low percentage mean score of 35.68% nbthby the learners in Part
A of the VHGT was considered to be evidence thatntiajority of the learners in
this study were at a low van Hiele geometric thmgkievel, possibly level O or 1.
The result reported here was found to be consistghtthat of Usiskin (1982), in
which the American high school learners from eathis sample of 13 schools

achieved very low mean scores for a similar varidHjgometry test.
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At the patrticipating schools level, the mean safr89.37% obtained by learners
from the SAS subsample for Part A of the VHGT wagisicantly higher than
that of their peers from NS, which was 31.84% atQ@5 level. The conclusion
was reached that in this study, there were mordeld@ers than SAS learners at
the lower van Hiele levels (level 0 and 1); or cersely, that there were fewer NS

learners at the higher van Hiele levels (levela® 4) than SAS learners.

At grade level, the NS grade 12 learners’ meanes¢d8%) for Part A of the
VHGT was marginally higher than that of their gradepeers (34%) which was
in turn higher than the mean score (24%) of their ¢i&de 10 peers. The
conclusion reached was that at each successive ¢gadl in the NS subsample,
there were more students at a higher van Hield thaa there were at an adjacent

lower grade level.

At grade level, the mean score (45%) of SAS gradedthers for Part A of the
VHGT was marginally higher than the mean score (36#4heir grade 10 peers,
which was in turn marginally higher than the meaars (34%) obtained by the
SAS grade 11 learners. These results were integbitet be consistent with and
provide support for those reported in section 4&.&hapter 4, where grade 12
learners from SAS obtained a higher mean scordn@ TPGT than the grade 10
learners, whose mean score was in turn higher ttietnof the grade 11 learners.
The conclusion reached was that there were moedta learners than grade 10
learners at the higher van Hiele levels, but thate were fewer grade 11 learners

at those levels.

At each grade level, SAS learners obtained a highean score in Part A of the
VHGT than their peers from NS. It was, however,yom grade 10 that the
difference between the respective means was fowrm tstatistically significant
(p < 0.01). The conclusions reached were as folldywShere were far more NS
grade 10 learners at a low van Hiele level thair twunterparts from SAS. 2) An
approximately equal preponderance of NS and SA8egld learners were at a

low van Hiele level. 3) There were an approximatetyal number of grade 12
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learners at the lower van Hiele levels, but athigher levels there were more
learners from SAS than NS.

There was no significant difference between themseares of the male learners
(38%) and the female learners (34%)> 0.05) for Part A of the VHGT. The
results were found to be consistent with those sifkin (1982, pp.75-76), where
sex differences in spring van Hiele levels (VHSVbur[ed] the males,” albeit to

no significant degree of difference.

Male learners from the NS subsample did not perfeigmificantly better than
their female counterparts in Part A of the VHGTeTdifference between the male
mean score (33.47%) and the female mean score @8).@@s not significantp(

= 0.2743). Given these low mean scores, it wasluded that both the male and
female learners from the NS subsample were at avéowHiele level of geometric

understanding.

Male learners from SAS, like their NS counterpaststained a marginally higher
mean score (42.33%) in Part A of the VHGT than tfezinale peers whose mean
score was 37.20%. The difference between these smeas, however, not
significant = 0.1122). As with the NS subsample, these low nmaeaere

interpreted as evidence that the majority of thdenzand female learners from

SAS were at a low van Hiele level of geometric @ptaalization.

In this study, SAS male learners performed sigaiftty better than their NS
counterparts in Part A of the VHGT, as the formietamed a significantly higher
mean score of 42.33% than the latter whose meame seas 33.47%p(< 0.05).
Similarly, the female learners from the SAS subdangbtained a significantly
higher mean score (37.20%) than their peers fronNtBesubsample whose mean
score was 30.00%p(< 0.01). The conclusion reached was that there wesre
male and female learners from the NS subsamplenatvan Hiele levels (evident
in the low mean scores) than there were learners the SAS subsample at those

levels.
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Further analysis of learners’ performance in Padf Ahe VHGT was done according

to the van Hiele levels. Among the findings areftiiwing:

For the entire study sample, learners’ mean sctoedart A of the VHGT
decreased progressively at each successively highwerHiele level between
levels 1-3. The mean score of these learners &wrdm Hiele level 4 subtest of
the VHGT was, however, higher than their mean storé¢he van Hiele level 3
subtest. This pattern of achievement in Part Ahef VHGT was interpreted as
providing supporting evidence of the hierarchicalgerty of the van Hiele levels.
The conclusion was also reached that learnersig dtudy experienced more
difficulty with geometry problems typifying van Heelevel 3 reasoning than they
did with problems at the other levels. These resukre consistent with those of
Usiskin (1982).

At each van Hiele level, learners from the SAS aufyge obtained higher mean
scores than their counterparts from NS. The commiuseached was that in
relative terms, NS learners in this study had argo&nowledge of geometric
ideas than their peers from SAS as measured byARafrthe VHGT.

At each grade level in each of the participatingosds, learners obtained their
lowest mean score on the van Hiele level 3 subiést.conclusion drawn was that
geometry problems typifying level 3 reasoning weyenerally difficult for

learners across all three grades in this study.

All 68 learners (100%) from the NS subsample whotarthe VHGT were

assignable to van Hiele levels. Of this figure (38%) were at the pre-recognition
level, i.e. at van Hiele level 0, while 15 (22%), (%) and 1 (1%) were,
respectively, at van Hiele levels 1, 2 and 3. Nwder from this group was at level
4. With the large number of these learners at I8yahd with only 1 at level 3 and
none at level 4, it was concluded that they hadear pnderstanding of school

geometry.
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e Of the 71 learners from SAS that wrote the VHGT, (6B 96%) of them were
assignable to van Hiele levels. Of the total thedter the test, 29 (41%) were at
the pre-recognition level, while 16 (22%), 17 (24%)3%) and 4 (6%) were at
van Hiele levels 1, 2, 3 and 4, respectively. Thveeee 3 learners from this group
whose responses did not ‘fit' the forced van Hileeel determination scheme.
Given the large number of these learners at levah@ with nearly none at levels
3 and 4, the conclusion reached was that the niajofi them had a weak

knowledge of school geometry.

» For selected items in Part A of the VHGT, Usiski(19€82) sample of American
high school students performed better than SAS&rarin the present study, who

in turn performed better than NS learners in tles@nt study.

» There was no item in Part A of the VHGT that regdireasoning to a conclusion
that was correctly answered by more than 40% oflé¢laeners in each of the

subsamples, which is consistent with Usiskin’s @3&dings.

* The performance in Part B of the VHGT was generpbhpr for learners from
both the NS and the SAS subsamples. For the gradeatners, many from the
SAS subsample could find the third angle of a giarnn which two of the angles
were given. The majority of them, however, could soccessfully deal with a
triangle problem in geometry requiring two or mbnes of reasoning to get to the
answer. Among the NS grade 10 learners, many awatldind the third angle of a
triangle given two of its angles, and none of themald successfully handle a

triangle problem in geometry requiring two or mbnes of reasoning.

» Writing a complete proof of even some familiar tieos in high school geometry
was particularly difficult for all the grade 10 argtade 11 learners in both
subsamples, and for the grade 12 learners in thesiSample. Nevertheless,

some grade 12 learners from the SAS subsamplesuepessful in this task.

In the next chapter, correlation analyses are padd among learners’ performance
in the TPGT, GIST and CPGT as reported in Chaptettsrough 6, as well as their
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end-of-the-year examination scores in mathemates| their performance in the
VHGT, in order to determine what relationship exibetween performance in those

learning areas and students’ van Hiele levels.
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CHAPTER EIGHT

DATA ANALYSIS, RESULTS AND DISCUSSION 5: THE
CORRELATIONS

8.1 Introduction

It was stated in section 3.3.4.2 of Chapter 3 Blese 2 of this study concerned the
determination of the possible relationship that hhigxist between the van Hiele
levels and the general mathematics achievemenhefparticipating learners. The
technique used for this determination was explaimethe section under reference.
This chapter reports on the results of Phase 2isf dtudy. The first part of the
chapter (sections 8.2 through 8.2.6) presents alysia of the various correlations
calculated between learners’ scores in the vaneH@#ometry Test (VHGT) and
their scores in the School Examination in Matheasa(EEM), Terminology in Plane
Geometry Test (TPGT), Conjecturing in Plane Geoynéést (CPGT) and Geometric
Items Sorting Test (GIST). As indicated in sectB.4.2, participants’ end-of-year
examination scores in mathematics for the study wease obtained from the archival
records of the participating schools. In the secpad of this chapter (sections 8.3
through to 8.3.3), various comparisons are madengnearners who are at different
van Hiele levels in relation to their performanoethe SEM, TPGT, CPGT and the
GIST.

It would be recalled that although the analysethefresults of each of these tests as
reported in Chapters 4 through 6 complement thdsthe VHGT (Chapter 7) to
furnish us with and extend our insight into papants’ knowledge of school
geometry, their main purpose is to provide infoliorabn how learners’ knowledge in
these aspects of geometry relate to their exhibited Hiele levels. This chapter,
therefore, interconnects learners’ performance acheof these tests with their

performance in the VHGT.

! Since learners’ assigned van Hiele levels weredas their performance in Part A of the VHGT
alone, the VHGT as used in this chapter refers timthat part of this test.
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8.2 Correlation between learners’ VHGT scores andheir SEM, TPGT,

CPGT and GIST scores

Consistent with Phase 2 of this study, sectionsl8trough 8.2.6 of this chapter

present the results of the analysis of the coicglatbetween learners’ scores for the
VHGT and their school examination scores in mathesizas well as their scores for

the other three tests used in this study (i.e. TR&T, CPGT and GIST). These

correlations were determined for the entire stuaple and separately for each of the
participating schools. The correlations were alalculated separately for learners in
each of the three grade categories at the two &homlved in this study.

8.2.1 Correlation between learners’ scores in theNGT and the SEM, TPGT,
CPGT and GIST

The scores obtained by all the participating leerie the VHGT were correlated

separately with their sets of scores for the SEMGT, CPGT and the GIST. The

results of these correlations are as illustratefiaible 8.1.

Table 8. 1Correlation forall learners between the VHGT and the SEM, TPGTGTRNd GIST

scores

SEM TPGT CPGT GIST
r=0.01 r=0.52 r=0.52 r=0.25
VHGT p=0.912 p = 0.000 p = 0.000 p=0.134
N =139 N =136 N =127 N =36

Table 8.1 indicates that there were no significamtrelations, for the entire study
sample, between learners’ VHGT scores and their SBMGIST scorep(> 0.05).
That is, success in the VHGT did not necessarilylynsuccess in the SEM and GIST
for the majority of the learners in this study.dther words, learners who achieved
high (or low) scores for the VHGT did not necedgapbtain equally high (or low)
scores for the SEM and the GIST.
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However, Table 8.1 indicates significant positiverrelations between learners’
VHGT scores and their TPGT and CPGT scopes 0.001). This implies that, for the
majority of the learners in this study, successféiure) in the VHGT also meant
success (or failure) in the TPGT and the CPGT. Thakearners who had high (or
low) scores in the VHGT had equally high (or lowgoges in the TPGT and the
CPGT. This would seem to suggest that a learnerfopnance in the VHGT would
be a good indicator as to the learner’s performamtee TPGT and the CPGT.

Since the correlations reported in this section enage of the combined scores of
both the NS and the SAS learners, it is possikée the coefficients of correlation
obtained were affected by this combination. It wasrefore deemed necessary to
determine these correlations separately for eadheparticipating schools. This is

the focus of the next two sections.

8.2.2 Correlation between NS learners’ scores in hVHGT and the SEM,
TPGT, CPGT and GIST

Correlation coefficients were calculated for the MSrners between their scores in
the VHGT and each of their SEM, TPGT, CPGT and GkKbres. Table 8.2

summarizes the results.

Table 8. 2Correlation ofNS learners’ VHGT and the SEM, TPGT, CPGT and Gé&dres

SEM TPGT CPGT GIST
r=0.38 r=0.46 r=0.42 r=0.23
VHGT p=0.001 p = 0.000 p =0.001 p=0.361
N =68 N =65 N =62 N =18

The results in Table 8.2 clearly show that the edations between NS learners’
VHGT scores and their scores for the other foutsta§ had positive coefficients-(
valueg. With the exception of the correlation betweee MHGT and the GIST
scores, which is not statistically significamt ¥ 0.05), all the other correlations are

statistically significant even though they are weadke correlations between the
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VHGT and the SEM and CPGT were both significanthat 0.005 level, while the
correlation between the VHGT and the TPGT was &init at the 0.001 level (Table
8.2).

The correlations presented in Table 8.2 need tonterpreted with caution. The
correlation coefficients between the VHGT scored #re SEM, TPGT and CPGT
tend to suggest that to perform well in the schoathematics examination (SEM)
and geometry content tests (TPGT and CPGT), ondsnteebe at a high van Hiele
level. But the converse is just as tenable, thdbecat a high van Hiele level, one
needs to have a good knowledge of school mathesnggmerally and standard
geometry topics in particular (see Usiskin, 198@Jhichever is the case, one
conclusion that clearly stands out from these tessl that for the NS subsample,
there is a relationship (even though weak) betwhervan Hiele levels (as measured
by the VHGT) and performance in school mathemaégamination (SEM) and
geometry content tests (TPGT and CPGT).

The correlation between the VHGT and the TPGT lierNS subsample was found to
be consistent with that of Usiskin’s (1982, p.4didy in which in a comparative and
similar Entering Geometry test (EG), the “enterj@pmetry knowledge [of American
high school children] correlates between 0.58 a®d @vith fall van Hiele level”. In
fact, Usiskin (1982, p.46) generally reports “@sty correlation between performance
on geometry tests and van Hiele level” for his Aicean high school sample. Indeed,
as would be seen later on in this chapter, coroslatoefficients as high as Usiskin’s,
r = 0.61, were calculated between the VHGT and eddhe TPGT and CPGT for

some categories of learners in this study.

8.2.3 Correlation between SAS learners’ scores ihé VHGT and the SEM,
TPGT, CPGT and GIST

As with the NS subsample (section 8.2.2), signifiqaositive correlation coefficients
were calculated for the SAS subsample between tH&W scores and the SEM,
TPGT and the CPGT. It is notable that, with theegition of the SEM, the correlation
coefficients between the VHGT and these three testse higher than their
corresponding NS figures. That is, the VHGT comtedamore strongly with the TPGT
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and the CPGT for the SAS subsample than for thestid&ample. As indicated in
Table 8.3, the VHGT did not correlate significanthjth the GIST for the SAS

subsample.

Table 8. 3 Correlation ofSAS learners’ VHGT and the SEM, TPGT, CPGT and (d3&dres

SEM TPGT CPGT GIST
r=0.35 r=0.54 r =0.53 r=0.07
VHGT p =0.003 p = 0.000 p = 0.000 p=0.772
N=71 N=71 N =65 N =18

As is evident in Table 8.3, the correlation betw&AS learners’ VHGT and SEM
scores was statistically significamt<£ 0.35, n = 71p < 0.005). This implies that there
is a positive relationship between performancecinosl mathematics examinations
and the van Hiele levels. That is, for the SAS aufgsle, learners who performed well
in the VHGT equally did well in their school mathatics examination, and vice

versa.

Table 8.3 reveals that there exists a strong sogmit correlation between the VHGT
and the TPGT scores for the SAS subsample 0.54, n = 71p < 0.001). This
suggests that performance in the VHGT signals pedoce in a geometry
terminology test for the SAS learners, consisteitt Wsiskin’s (1982) study in which
similar correlation coefficients were obtained betw his entering geometry test
sample and the van Hiele levels. Similarly, Tahl&@ ghows that the VHGT strongly
correlates significantly with the CPGP € 0.001). This suggests that for the SAS
subsample, learners who did well in the VHGT dist jais well in the CPGT.

As with the entire study sample (section 8.2.1) NS subsample (section 8.2.2),
there was no significant correlation between theGiHand the GIST scores for the
SAS subsample (Table 8.3). It is not clear why ihiso, but the small sample size for
the GIST is a possible reason. Furthermore, degpi#euse of a well-designed
marking scheme to assign scores to the learnerh&GIST, it is possible that the

actual allocation of scores to individual learn@ss this test nevertheless deviated
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slightly from this scheme, which is common in tleering of free-response tests like
the GIST. This latter possibility may have also tauted to the lack of correlation
between the VHGT and the GIST scores in this study.

8.2.4 Grade level correlation between learners’ sces in the VHGT and the
SEM, TPGT and CPGT

In this section, results of the correlations betwéee VHGT and each of the SEM,
TPGT and the CPGT scores are presented separatdBafners in each of the three
grades (10, 11 and 12) involved in this study. &&b¥ summarizes the results of the
grade level analyses of these correlations. It rhaspointed out that because of the
small sample of learners at each grade level imlw the GIST (6 learners per
grade per school), no correlation analysis was @bmgade level for this test. (See the
second last paragraph in section 3.3.4.1.2 of @h&pfor the reason for involving so

small a sample in the GIST.)

Table 8. 4Grade level correlation between the VHGT and thISBPGT and CPGT scores

Correlations

Grades SEM TPGT CPGT
r=-0.10 r=0.61 r=0.61

10 VHGT p = 0.508 p = 0.000 p = 0.000
n=48 n=45 n=44

r=-0.02 r=0.32 r=0.30

11 VHGT p=0.892 p=0.035 p = 0.055
n=44 n=144 n=42

r =0.02 r=0.53 r=0.54

12 VHGT p=0.896 p = 0.000 p = 0.000
n=47 n=47 n=41

As can be seen in Table 8.4, there are no signfficarrelations between the VHGT
and the SEM across all three grades>(0.05). In grades 10 and 11, the correlation
coefficients are actually negative, suggesting mverse relationship between the
VHGT and the SEM for these sample groups. Therédche several reasons for the

lack of a significant correlation between the VH@Ad the SEM scores across the
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grades in this study. The SEM scores obtained fiimenparticipating schools may
have been awarded arbitrarily in one or both of dbkools, thus awarding learners
with low VHGT scores high SEM scores. In effectstivas the situation with the NS
learners. Despite their very poor performance sanWWGT, and indeed all the tests
used in this study, these learners were assigngdhigh SEM scores (see Appendix
7.A, p.129). The SAS learners’ SEM scores (see Agpe7.A, p.129) did not

contrast with their performance in the VHGT as phaas did those of the NS
subsample. Combining the NS and SAS learners’ SEdes, as was done for the

results displayed in Table 8.4, could thereforeehskewed the correlations.

The VHGT correlates significantly with the TPGT ess all the three grade
categories (Table 8.4). The correlation coefficient 0.61, calculated between the
VHGT and the TPGT scores for the grade 10 learnveas, the highest of the three
grades and was significant at the 0.001 level. Was followed by that of the grade
12 learners, for whom = 0.53, significant also at the 0.001 level. Tablé further
indicates that the VHGT correlates rather weaklyhwhe TPGT for the grade 11
learnersi( = 0.32, n = 44p < 0.05). These results suggest that there isagigrship
between performance on a geometry terminologyaedtthe van Hiele levels, and
that this relationship is stronger for the gradeah@ 12 learners than for the grade 11
learners. The rather inconsistent response pattériie grade 11 learners reported in
section 7.3.2 of Chapter 7 may have contributethéoweak correlation between the
VHGT and the TPGT for this group of learners irstbiudy.

Table 8.4 reveals a significant positive correlatietween the VHGT and the CPGT
scores for the grade 10 and 12 learners at thelOl®&l, but no significant
correlation for the grade 11 learnepsX 0.05). With correlation coefficients of=
0.61 andr = 0.54 between the VHGT and the CPGT for the géland 12 learners,
respectively, the results in Table 8.4 indicatet ttieere is a strong relationship
between the van Hiele levels and performance ire@mgtry test that requires the
learners to formulate conjectures, draw simplereriees and state definitions. Such a
relationship, however, does not seem to existHergrade 11 learners in this study,

possibly for the reason stated in the previousgrag.
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These correlations were further considered at gaatie level separately for each of
the participating schools, as reported in sect®8<5 and 8.2.6.

8.2.5 Grade level correlation between NS learnerstores in the VHGT and the
SEM, TPGT and CPGT

Correlation analyses between scores for the VHGI thea SEM, TPGT and CPGT

were done at each grade level for the NS subsamplerder to reduce the effect

which the combining the scores of the learners fbmth subsamples may have had

on the correlation coefficients reported in thecpding section. The results of these

analyses are as represented in Table 8.5.

Table 8. 5Grade level correlation between NS learners’ VH@&dE S8EM, TPGT and CPGT scores

Correlations

Grades SEM TPGT CPGT

r=0.39 r=0.32 r=0.24

10 VHGT p=0.063 p=0.163 | p=0.284
n=24 n=21 n=22

r=0.31 r=0.43 r=0.47

11 VHGT p=0.178 p =0.052 p = 0.042
n=21 n=21 n=19

r=0.26 r=0.38 r=0.32

12 VHGT p=0.227 p=0.075 | p=0.163
n=23 n=23 n=21

As evident in Table 8.5, with the exception of grddl in which there was a weak
significant correlation between the VHGT and theQIP({p < 0.05), there were no
significant correlations between the VHGT score ang of the SEM, TPGT and
CPGT scores across all three grade categquiesd(05). Given that for the entire NS
subsample there were significant correlations betwe VHGT and each of these
tests (see section 8.2.2), the lack of signifiaantelations between the VHGT and
these tests at each grade level for the NS subsacmpild be attributed to the small

sample size at each of these grades.
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Furthermore, since the VHGT correlates significantith the TPGT and the CPGT at
each grade level for the entire study sample @e@&i2.4), it could be argued that the
VHGT generally correlates significantly better witte TPGT and the CPGT for the
SAS subsample at each grade level than for the USasnple, given the results in

Table 8.5. That this is indeed the case is made alethe next section.

8.2.6 Grade level correlation between SAS learnerscores in the VHGT and
the SEM, TPGT and CPGT

As with the NS subsample, correlation analyses éetwthe VHGT and the SEM,
TPGT and CPGT scores of the learners were donadcit grade level for the SAS
subsample. Table 8.6 summarizes the results.

Table 8. 6Grade level correlation between SAS learners’ VHGE SEM, TPGT and CPGT scores

Correlations

Grades SEM TPGT CPGT
r=0.46 r=0.61 r=0.61

10 VHGT p=0.023 p=0.002 | p=0.003
n=24 n=24 n=22

r=-0.40 r=0.13 r=-0.01

11 VHGT p = 0.056 p=0.551 p = 0.949
n=23 n=23 n=23

r=0.43 r =0.58 r =0.55

12 VHGT p=0.034 p=0.003 | p=0.012
n=24 n=24 n=20

The correlation analyses in Table 8.6 indicate thate were significant positive
correlations between the VHGT scores and eachefStiM, TPGT and the CPGT
scores for the grade 10 and 12 learners from th® S#bsample. But the table also
shows that for the SAS grade 11 learners there weresignificant correlations

between the VHGT scores and those for the otheettests. This is probably due to
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inconsistency in the response patterns of this gulearners, alluded to earlier in

section 8.2.4.

The correlation coefficients for the SAS grade hdl 42 learners in Table 8.6 are
strikingly similar. The coefficients of correlatidretween the VHGT and the SEM for
the grade 10 learners € 0.46) and the grade 12 learners=( 0.43) were both

moderately low and significant at the 0.05 leves Pable 8.6 clearly indicates, the
correlation coefficients between the VHGT and tfRGT for the grade 10 learners (

= 0.61) and the grade 12 learners=(0.58) were both high and significant at the
0.005 level, though that of the grade 10 learnedicates a stronger correlation. A
similar interpretation holds true for the corradaticoefficients between the VHGT

and the CPGT scores for these two groups of legrner

To summarize, for the grade 10 and 12 learners &8, performance in geometry
tests (the TPGT and CPGT) correlates more strowgly the van Hiele levels than

does performance in a school mathematics examimakor the grade 11 learners
from this group, no significant correlations betwdle van Hiele levels and the other

tests were evident in this study.

8.3  Comparison of performance between learners atfferent van Hiele levels

Having established the existence of correlationsryimg from weak to strong)
between the VHGT and the SEM, TPGT, CPGT and tt&TGseparately for the NS
and the SAS learners (sections 8.2.2 and 8.2.#)pught it would be useful to
determine whether learners at adjacent van Hieleldeperformed significantly
differently from each other in each of these te€lsrtainly, if the hierarchical
property of the van Hiele levels is valid, therisitto be expected that learners at a
given van Hiele level (not level 0) will perform ther than their peers at an adjacent
lower level on the same geometry task, such asethoshe tests used in this study.
Recall that the validity of the fixed hierarchytbe van Hiele levels between levels 1-
3 reported in Chapter 7 (see, for example, sectib@2.1 and 7.2.2.3) was based
solely on the assumed difficulty of the questi@mis that typify each successive van

Hiele level, rather than on the differential penfi@nce of learners at adjacent levels.
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In sections 8.3.1 through 8.3.3, of this chaptiee, validity of the postulated fixed
hierarchy of the van Hiele levels is further exaedrby comparing the performance
of learners at adjacent van Hiele levels in eacthefSEM, TPGT, CPGT and GIST.
For this comparison, percentage mean scores olfettreers who were at each van
Hiele level were computed for each of these tdstaust be stressed, however, that
the purpose of these comparisons was not necgsgsariconfirm or refute the
hierarchical property of the van Hiele levels, father to compare the performance of

learners at different levels in this study.

8.3.1 Comparison of performance between learners gifferent van Hiele levels
in the TPGT, CPGT, GIST and SEM

The results of performance comparison for the TPGPGT, GIST and the SEM
between learners at different van Hiele levelspesented in this section. Table 8.7
represents the results wfestsof the equality of means of each of these tests tfie
TPGT, CPGT, GIST and the SEM) for learners at ajawan Hiele levels. For the
analyses in this section right through to secticdq 3 thet-testsfollow a one-way
analysis of variance (ANOVA) with van Hiele leved the independent variable and
each of the four tests as the dependent variable.abterisk (*) in Table 8.7 means

that computation was not possible as there wasamylearner at that level.

As evident in Table 8.7, for 1 2, learners at van Hiele level n obtained higheans

in each? of the four tests than learners at level n—1eénss likely, however, that the
few learners at van Hiele level 3 attained thatelelyy chance through random
guessing, which would explain why these learnerssistently obtained lower mean
scores in nearly all these tests than their peetiseaadjacent lower level. For n = 4,
learners at level n had higher means on the TP@®GTand the GIST than learners

at van Hiele level n < 4.

2 For the GIST, learners at level 1 obtained slightgher mean than learners at level 2.
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Table 8. 7Mean scores in the TPGT, CPGT, GIST and SEM ohlearat each van Hiele level

Test VH levels | N | Mean (%)| Std.Dev.| F-value df p-value
TPGT 0| 62 37.77 10.80
1| 31 45.71 16.58
2| 33 55.33 16.7( 9.17 (4,128 0.000
3] 3 42.00 12.77
4| 4 57.75 21.19
Total | 133 44.68 15.91
CPGT 0| 59 16.172 15.21
1| 28 26.75 25.04
2| 30 40.10 28.85% 6.97 (4,119 0.000
3] 3 15.33 15.01
4| 4 47.25 36.81
Total | 124 25.31 24.38
GIST 0] 11 32.45 8.14
1| 12 41.92 15.94
2| 10 415 15.8¢ 2.61 (4, 31) 0.054
3] 1 42.00 *
41 2 65.00 7.07
Total | 36 40.19 14.85
SEM 0| 65 44.77 22.40
1| 31 48.39 21.77
2| 33 50.15 22.84 0.58 (4,131 0.677
3| 3 41.00 26.89
4] 4 37.25 24.66
Total | 136 46.6 22.3%

For the SEM, the mean scores in Table 8.7 showsdlthe reverse of what might be
expected for learners’ means between levels 2 abdt4his can easily be explained.
Recall that no learner from the NS subsample wéavat 4, and only 1 of them was
at level 3. That is, the majority of the NS leamerere at the lower van Hiele levels
(see section 7.2.3.3 of Chapter 7). Therefore, ¢aimdp their SEM scores (which

were very high as stated in section 8.2.4) with 3 scores of the SAS learners
(which were very low), invariably produced combirtegher SEM mean scores at the
lower van Hiele levels than at the higher levelsisTsituation suggests that it would
be more useful and informative to examine theséemdintial level performances

separately for each of the participating schoolsjctv is done in the next two

sections.

The results reported in the preceding paragrapld tenprovide support for the
hierarchical property of the van Hiele levels imgel and for levels 0-2 in particular.
The results are in general consistent with thoggsi$kin (1982, p.47), in which “on

all assignment criteria, for g 3 students at VHF [van Hiele fall] level n score
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significantly higher on the EG [Entering Geome#gt] than students at level n—1". It
must be pointed out here that the problem of randoessing, which may elevate
some learners to a level by chance (as is the wékethe level 3 learners in this
study), could be eliminated or reduced by increaie number of items at each van
Hiele level in the subtest. It is also possiblet e relatively small sample in this
study (compared to Usiskin’s) contributed to theyvamall number of learners (3 of
them) at level 3 and hence the low mean scorekesietlearners in the various tests.
The point is that, with these two constraints takare of, the results of this study
could be said to be in complete agreement withehafsUsiskin (1982) concerning

the hierarchical property of the van Hiele levels.

Table 8.7 further indicates that the differencestie mean scores of learners at
different van Hiele levels for each of the fourtsewere significant only for the TPGT
(F =9.17, (4, 128)f, p < 0.001) and the CPGF (= 6.97, (4,119)f, p < 0.001). For
the GIST and the SEM, there were no significantedéinces between the means of
learners at different van Hiele leve[sX 0.05 in each case). In order to determine at
which pair of van Hiele levels these differentiadan scores were significantTakey
HSD post-hoc tesvas conducted. The result of thest-hoccomparisons of means at
the different van Hiele levels (Table 8.8) indicatbat the differences between the
mean scores on the TPGT and the CPGT for learneemeHiele level 0 and learners
at van Hiele level 2, in favour of the latter, atatistically significant (p < 0.05).
What this means is that learners at van Hiele |@vebtained significantly higher
mean scores on the TPGT and the CPGT than leaatdesvel 0. The differences
between the mean scores of learners at any twbeovan Hiele levels other than
between levels 0 and 2 in each of the three’fastre not statistically significanp &
0.05) for the entire study sample, as shown bypthe&t-hocmultiple comparisons in
Table 8.8.

13 Inter-level comparisons of means were not doneHerGIST since only one learner was at level 3
which made it impossible to compute the standaxibdien at that level.
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Table 8. 8Tukey HSD post-hoc tefstr the TPGT, CPGT and the SEM

VH levels
Test () level (J) level p-value

TPGT 0 0.090

0.000
0.987
0.057
0.059
0.993
0.506
0.53
0.998
0.598
0.235
0.000
1.000
0.059
0.158
0.916
0.424

0.357
0.974
0.335
0.947
0.796
0.999
0.967
0.998
0.983
0.884
0.962
0.815
0.999

CPGT 0

SEM 0

2
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NB: Comparing level 0 (I column) with level 1 (J coin) will produce the same result as comparing
level 1 (I column) with level 0 (J column), hente tatter pair of comparisons (i.e. level 1 versyel

0) is left out in each of the tests in Table 8.&iilar reason explains why level 4 (I column) sloet
appear in the table.

In order to illustrate more clearly the differehtraean performance in the TPGT,
CPGT, GIST and the SEM by learners at adjacentHiafe levels, means plots of

their percentage mean scores were done and aesegped in Graph 8.1.

The means plots in Graph 8.1 clearly reiteratepiiiat made earlier, that the results
of the comparisons of the mean scores of learr@rgdch of the tests used in this
study provide support for the hierarchical propeartythe van Hiele levels generally
and levels 0-2 specifically. It is also evidentfr@&raph 8.1 that learners at van Hiele
level 3 attained that level by chance in this stuidye implication of this is that more
items should be used at each van Hiele level subtesis to reduce the impact of

guessing on students’ attainment of the levels.
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Graph 8. 1 Means plots for all learners at each van Hielelleve
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8.3.2 Comparison of performance between NS learneet different van Hiele
levels in the TPGT, CPGT, GIST and SEM

The mean scores for the TPGT, CPGT, GIST and th 8BNS learners at different
van Hiele levels were computed and compared. Thelteeoft-testsof equality of
means of each of these tests for learners at adjaee Hiele levels are summarized
in table 8.9.

As with the entire study sample (section 8.3.1)hl&&8.9 indicates that for the NS
subsample, learners at van Hiele level n obtaingdei means on all four tests than
learners at level n—1 for 2. It was only for the TPGT and the CPGT, howetleaf

the differences in the means were statisticallyificant (p < 0.05). These results

suggest that the only NS learner at van Hiele |@valtained that level by chance,
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which corroborates the claim in the previous sectioat generally the learners at
level 3 in this study got there by random guessm¢he VHGT. Nevertheless, the
fixed sequence of the van Hiele levels was in gansupported by results of the
analyses of the responses of the NS learnerscplary between levels 0-2 in this

study.

Table 8. 9Mean scores for the TPGT, CPGT, GIST and SEM ofdd®ers at each van Hiele level

Test VH levels N | Mean (%)| Std.Dev.| F-value df p-value
TPGT 0| 33 34.33 9.98
1| 15 41.53 19.58
2| 16 55.31 18.7 7.23 (3,61) 0.000
3| 1 28.00 *
Total| 65 41.06 17.10
CPGT 0| 32 12.16 11.1D
1| 14 18.00 23.0%
2| 15 33.13 29.57 3.79 (3,58) 0.015
3| 1 16.00 *
Total | 62 18.61 21.23
GIST 0| 8 31.00 8.69
1| 4 34.50 12.72
2| 5 47.40 20.3% 1.54 (3,14) 0.249
3| 1 42.00 *
Total | 18 36.94 14.4%
SEM 0| 36 61.94 7.91
1| 15 66.87 7.03
2| 16 66.50 10.01 2.00 (3, 64) 0.123
3| 1 58.00 *
Total | 68 64.04 8.46

NB: The asterisk (*) means not computable as theseomdy one learner at that level.

In order further to determine between which paivaf Hiele levels these differential
mean scores were significant, Takey HSD post-hoc testas conducted only for
levels 0-2. It was not possible to do this at |6/ak there was only one learner and it
was thus impossible to obtain the standard devidtio learners’ scores at that level.
The result of thgost-hoccomparisons of means (Table 8.10) indicates thatHe
TPGT the difference between the mean scores ofidesrat van Hiele level 0 and
level 2, in favour of the latter, was statisticalfygnificant ¢ < 0.05), and the
difference between the means of learners at lewagldllevel 2 was also significant in
favour of the latter at the 0.05 level. Similafgy the CPGT, the difference between

the means of learners at van Hiele level 0 andll@ydavouring the latter, was
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significant p < 0.05). For any other pair of levels the diffaves in the mean scores

of learners in each of the four tests were notssiedlly significant p > 0.05).

Table 8. 10Tukey HSD post-hoc tefstr NS learners in the TPGT, CPGT, GIST and th&SE

VH levels

Test (1) level (J) level p-value
TPGT 0 1 0.281
2 0.000

1 2 0.035

CPGT 0 1 0.632
2 0.004

1 2 0.110

GIST 0 1 0.911
2 0.129

1 2 0.371

SEM 0 1 0.137
2 0.167

1 2 0.992

NB: Comparing level 0 (I column) with level 1 (J coin) will produce the same result as comparing
level 1 (I column) with level 0 (J column), hente tatter pair of comparisons (i.e. level 1 versugl

0) is left out in each of the tests in Table 8 AGimilar reason explains why level 2 (I column)edo
not appear in the table.

As with the entire study sample (see Table 8.8g thsults of thepost-hoc
comparisons of means in Table 8.10 indicate thatdd&hers at van Hiele level 1 did
not obtain significantly higher means in each @ thur tests than learners who were
at level 0. This would seem rather surprising. Hesvevan Hiele levels of O or 1 are
so low that a learner at either level at the endhef school year would not be in
possession of the conceptual knowledge of geometegled to perform well in nearly
all these tests, particularly the CPGT and the SEke Usiskin (1982). Hence,
performance in these tests by learners at levalsdOl would not differ significantly
from each other, both being poor. The results g®rted here were found to be
consistent with those of Usiskin’s (1982, p.48Ystun which “in the spring, students

at van Hiele levels 0 and 1 ... [had] nearly the sga@mmetry knowledge”.
The mean scores of NS learners at different vateHevels on the TPGT, CPGT,

GIST and the SEM were further represented by meéots as illustrated in Graph
8.2.
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Graph 8. 2Means plots for NS learners at each van Hiele level
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As with the entire study sample, the means platgfe NS learners clearly provide
support for the hierarchical property of the vaelElilevels, especially for levels 0-2,
with regard to learners’ knowledge of school geagnet

8.3.3 Comparison of performance between SAS learreat different van Hiele
levels in the TPGT, CPGT, GIST and SEM

The performances of SAS learners at different valeHevels in the TPGT, CPGT,
GIST and the SEM were compared by looking at the#an scores in each of these
tests. Table 8.11 represents the resultstestsof the equality of means of each of
these tests for the SAS learners at adjacent vele Hivels.
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Table 8.11 Mean scores in the TPGT, CPGT, GIST and SEMAS arners at each van Hiele level

Test VH levels | N| Mean (%)| Std. Dev.| F-value df p-value
TPGT 0| 29 41.69 10.50
1| 16 49.63 12.57
2| 17 55.35 15.17 3.74 (4, 63) 0.009
3| 2 49.00 5.64
4| 4 57.75 21.19
Total | 68 48.13 13.94
CPGT 0| 27 20.81 18.0f7
1| 14 35.50 24.61
2|15 47.07 27.30 3.85 (4, 57) 0.008
3| 2 15.00 21.21
4| 4 47.25 36.81
Total | 62 32.00 25.54
GIST 0| 3 36.33 6.03
1| 8 45.63 16.82
2| 5 35.60 8.02 2.82 (3, 14) 0.077
3 O * *
4| 2 65.00 7.07
Total | 18 43.44 14.92
SEM 0| 29 23.45 14.78
1| 16 31.06 15.48
2| 17 34.76 20.7% 1.48 (4, 63) 0.220
3| 2 32.50 31.82
4| 4 37.25 24.66
Total | 68 29.15 17.81

NB: No learner at level 3 wrote the GIST in SAS (@seerisks).

As with the entire study sample (section 8.3.1),rfec 2, SAS learners at van Hiele
level n obtained higher means on €4alf the four tests than learners at level n—-1
(Table 8.11). As with the NS subsample (section2$,3he few SAS learners at van
Hiele level 3 obtained marginally lower mean scaditesn their peers at level 2 for
each of the tests. This appears to provide furgivatence to support the claim that
learners at level 3 attained this level by chanctehis study. Learners at level 4,
however, obtained higher means than learners a&rlgan Hiele levels in each of the
four tests. Thus, as with the entire study samgeaet{on 8.3.1) and the NS subsample
(section 8.3.2), the results for the SAS subsarnmpléis section provide support for
the hierarchical property of the van Hiele levaisgeneral, and for levels 0-2 in

particular.

Consistent with the results for the entire studyngie (section 8.3.1) and the NS

subsample (section 8.3.2), Table 8.11 also indicttat the differences in the mean

4 For the GIST, SAS learners at level 1 had a matlyitnigher mean than learners at level 2.
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scores of SAS learners at different van Hiele levier each of these tests were
significant only for the TPGTH = 3.74, (4, 63Jf, p < 0.05) and the CPGF(= 3.85,
(4, 57¢df, p < 0.05). For the GIST and the SEM, the differenicethe mean scores
were not significant for learners at different \diele levels. ATukey HSD post-hoc
testwas conducted in order to determine between wpah of van Hiele levels the
differences in the mean scores of SAS learners gigréficant for the TPGT, CPGT
and the SEM. This was not done for the GIST asrited out that no SAS learner

who wrote the GIST was at level 3.

The result of thepost-hoccomparisons of means at the different van Hielelte
(Table 8.12) indicates that the differences betwitbenrmean scores in the TPGT and
the CPGT for the SAS learners at level 0 and |8y@h favour of the learners at level
2, are significant < 0.05). That is, SAS learners at van Hiele le¥ebbtained
significantly higher mean scores in the TPGT arel@PGT than their peers at level
0. For each of the four tests, the differences betwthe mean scores of learners at
any one pair of the van Hiele levels other tharelew) and 2 were not statistically

significant, as can be seen in Table 8.12.

Means plots of the SAS learners at each van Helel Ifor the TPGT, CPGT, GIST
and the SEM were done in order graphically to ilate the differential mean

performance of the learners in this study. Graghr@resents the means plots.

Individual grade level comparisons of performantehiese tests (the TPGT, CPGT,
GIST and the SEM) for learners at each van Hielelleseparately, for each of the
participating schools, did not yield any resultsrkealy different from the combined

grades comparisons of performance at each van ked reported in sections 8.3.2
and 8.3.3. Consequently, no such individual gradellcomparisons of performance

in these tests for learners at adjacent van Heslel$ are reported in this chapter.
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Table 8. 12Tukey HSD post-hoc tefstr the SAS learners on the TPGT, CPGT and the SEM

VH levels
Test () level (J) level p-value

TPGT 0 0.291

0.008
0.937
0.149
0.709
1.000
0.793
0.965
0.997
0.935
0.328
0.008
0.997
0.232
0.675
0.775
0.902

0.374
1.000
0.511
0.635
0.229
0.955
0.583
0.974
1.000
0.970
1.000
0.999
0.998

CPGT 0

SEM 0
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NB: Comparing level 0 (I column) with level 1 (J coio) will produce the same result as comparing
level 1 (I column) with level 0 (J column), hente tatter pair of comparisons (i.e. level 1 versyel

0) is left out in each of the tests in Table 8 AXimilar reason explains why level 4 (I column)edo
not appear in the table.
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Graph 8. 3Means plots for SAS learners at each van Hiele leve
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8.4  Chapter conclusion

This chapter has presented the results of the sisabf the various correlations
between learners’ scores for the VHGT and theiresféor the SEM, TPGT, CPGT

and the GIST. The chapter has further reporteddhelts of the various comparisons
of the performance in these tests of learners ah ean Hiele level. The major

findings include the following:

» For the entire study sample, learners’ VHGT scam@selate significantly with
their TPGT and CPGT scores at the 0.001 level. Weweno significant
correlations were found between learners’ VHGT ssand their SEM or GIST
scores. With correlation coefficients of = 0.52 calculated between learners’
VHGT scores and each of their TPGT and CPGT scdiesconclusion reached

was that there is a strong relationship betweefopeance in geometry content
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tests (TPGT and CPGT) and van Hiele levels forrttagority of the learners in
this study.

At the participating schools level, NS learners’ ®H scores correlate
significantly with their SEM, TPGT and CPGT scoredlith correlation
coefficients ofr = 0.38,r = 0.46 and = 0.42, respectively for these tests, the
conclusion drawn was that there is a relationskiwvben the van Hiele levels and
performance in the school mathematics examina®&M) and geometry content
tests (TPGT and CPGT) for learners from the NS auipde.

At the participating schools level, SAS learnersH&T scores correlate
significantly with each of their SEM, TPGT and CP&dores. Learners’ VHGT
scores, however, correlate even more strongly thigir TPGT scores (= 0.54, n
= 71,p < 0.001) than with their CPGT scores<0.53, n = 65p < 0.005). The
conclusion reached is that for the SAS subsampbanérs who did well in the
VHGT did just as well in the school mathematics reiketion (SEM) and

geometry content tests (TPGT and CPGT). The coaagplies.

At each grade level for the entire study sampladgrl0 learners’ VHGT scores
correlate stronglyp < 0.001) with their TPGT and CPGT scores, for both
which a correlation coefficient of = 0.61 was calculated. For the grade 11
learners, the VHGT scores correlate only weakhhwuliie TPGT scores € 0.35,

n = 44,p < 0.05). In grade 12, strong correlations werentbbetween learners’
VHGT scores and their TPGT and CPGT scores at tlo®10Ilevel, with
correlation coefficients of = 0.53 andr = 0.54, respectively. No significant
correlations were found between learners’ VHGT asaaind their SEM scores

across the grade levels.

For the NS subsample, it was only in grade 11 thate existed a significant
positive correlation between learners’ VHGT scoeesd CPGT scores. No
significant correlations were found between the VIH&ores and the SEM and

TPGT scores for learners across all three gradeNSn There were also no
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significant correlations between the VHGT scored #re CPGT scores for the

grade 10 and 12 learners from NS.

For the SAS subsample, significant positive cotietes were found between
grades 10 and 12 learners’ VHGT scores and thepedive SEM, TPGT and
CPGT scores. For the SAS grade 11 learners, nafis@ut correlations were
found between learners’ VHGT scores and their SERIGT and CPGT scores.

For the entire study sample, foxr2, learners at van Hiele level n obtained higher
mean scores for the SEM, TPGT, CPGT and the GI&m barners at level n—1.
Learners at level 3 were judged to have attainatl Ivel by chance since they
consistently obtained lower means on nearly alehtests than their peers at level
2. Learners at level 4, however, had higher meanthe TPGT, CPGT and the
GIST than learners at the lower van Hiele levele Tesults as reported here were
interpreted as providing support for the hierarahiproperty of the van Hiele

levels in general, and levels 0-2 in particular.

For the entire study sample, significant differencecurred between the mean
scores of learners at the different van Hiele levet the TPGT and the CPGT. A
Tukey HSD post-hoc tesidicated that the differences between the mearesan
the TPGT and CPGT for learners at van Hiele levah@ learners at van Hiele
level 2 are statistically significanp & 0.05) in favour of the latter. The difference
between the mean scores of learners distributedeleet any two of the van Hiele
levels other than levels O and 2, for the SEM, TP&iO the CPGT, was not
statistically significantg > 0.05).

For the NS subsample, fo2, learners at van Hiele level n had higher meens
all the four tests than their peers at level n-Hie differences between the means
of learners at the different van Hiele levels wé@yever, significant only for the
TPGT and the CPGT. In all four tests, learnersatll 3 had lower means than
learners at level 2 for the NS subsamplelukey HSD post-hoc tesbnducted to
determine between which pair of the van Hiele Isvidlese differential mean

scores were significant revealed that for the TP@E, difference between the
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mean scores of learners at van Hiele level 0 arel & in favour of the latter, was
statistically significantg < 0.05), as was the difference between the meéns o
learners at level 1 and level 2, in favour of thedr. For the CPGT, the difference
between the means of learners at van Hiele leveladd2, favouring the latter,
was significant. Besides these, no significantedéhces were found to exist
between the means of NS learners at the differentHiele levels for the SEM,
TPGT, CPGT and GIST.

For the SAS subsample, forsh2, learners at van Hiele level n obtained higher
means in the tests (with the exception of the Gi®aj learners at level n—1. As
with the NS subsample, SAS learners at level 3isterdly obtained lower mean
scores for each of the four tests (the SEM, TPGFPGT and the GIST) than
learners at level 2, suggesting that these leatmaaisattained level 3 by chance.
Learners at level 4, however, had higher mean sdareach of the SEM, TPGT,
CPGT and GIST than learners at the lower van Hielels. As with the NS
subsample, the differences between the mean sobri® SAS learners at the
different van Hiele levels in these tests wereigtaally significant only for the
TPGT and the CPGTTukey HSD post-hocomparisons of means further
indicated that the differences between the mearesdo the TPGT and the CPGT
for the SAS learners at van Hiele level 0 and I&yah favour of the latter, were
statistically significant§ < 0.05). For all other combinations of levels éarch of
the four tests, the differences between the mearesof the SAS learners were
not statistically significant.

In Chapters 4 to 7, participating learners’ knowjedf school geometry was
explicated and their van Hiele levels determinetie Trelationship between
learners’ knowledge of geometry and their exhibitad Hiele levels formed the
basis for the analysis and discussion present&hapter 8. But, as important as
it is to know learners’ van Hiele levels, the detaration of these levels alone is
not enough. As stated in section 3.3.4.3 of Chaptewhat is also needed is
information on the classroom instructional procegb@at possibly contributed to
the production of these levels among the learférs. next chapter presents and
discusses the results of analyzing lessons videdtapthe geometry classrooms

of the participating teachers and learners.
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CHAPTER NINE

DATA ANALYSIS, RESULTS AND DISCUSSION 6:
CLASSROOM VIDEO STUDY

9.1 Introduction

Phase 3 of this study concerns instructional methadgeometry classrooms (see
section 3.3.4.3). The aim of this phase is to mlevhformation on how geometry is
taught in Nigerian and South African high schoaed to elucidate what learning
opportunities the teaching methods being used affdearners in the subject. The
procedure followed in studying instruction in gedryeclassrooms was also
explicated in the section under reference, whiéeahalytic processes were explained
in section 3.4.2.2. This chapter presents the aigalyf geometry lessons that were
videotaped separately in three classrooms in NStaeé classrooms in SAS. It must
be pointed out that although the results of thee@idtudy furnish us with useful
information on teaching methods in geometry in eticipating schools, the
videotaped lessons can only be partial portraitgigmettes of the whole process of
instruction in these schools. Hence, the findingscerning teaching methods

presented in this chapter are tentative.

Given the complexity and dynamics of classroonrutdional activities, coupled with
the multiplicity of instructional methods, it woulseem improbable that any one
instructional model would suffice adequately to tca@ the whole process of
instruction in a given classroom. However, it issgible to determine whether a
particular classroom instructional practice/strgteg method fits or conforms to a
specific model. This would require identifying kisatures of the instructional model
and then checking these against segments of theaasclassroom instruction. This
is the purpose of the checklist of van Hiele phdescriptors (see section 2.8.4.1). As
stated in the last paragraph of section 2.8.4, thiecklist is my own careful

articulation of key elements of the van Hiele modiegeometry instruction, but with
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important ideas tapped from the instructional medwf Fuys et al. (1988), and from

Yager’'s (1991) constructivist learning model (CLM).

Having transcribed all six videotaped lessons thhowa painstaking and time-
consuming process of repeated playbacks — as asmosearcher, | spent on average
about 14 hours transcribing each video — | decitdecarry out a pilot application of
the checklist of van Hiele phase descriptors tdheddahe lessons. What | did was to
give each of three critical readers the transcribepies of the videotaped lessons
together with a copy of the checklist of van Hiplease descriptors. | then requested
each of them independently to apply the checldistach of the transcribed lessons. |
wanted to test how consistently the applicatioa given criterion on the checklist to
the same segment of a lesson by different peopleldvgield the same objective
judgement or result. That is, | wanted to know \keetdifferent people could reach
the same objective judgement, when applying theesariterion on the checklist to

the same lesson, regarding the instructional gfyateed by the teacher.

The three critical readers involved in this tripplication of the checklist criteria were
all from my university. One of them was a PhD sttdsnd a university lecturer from
Nigeria. The other two were from Namibia, one a t@@s student and a college of
education lecturer, the other a second-year Philestwof education. It turned out that
there were differences of judgement among the fauticipants (I was the fourth)
when the same checklist criterion was applied éostiime lesson. That is, when one or
two of us judged that a teacher had met a critaviothe checklist in his instructional

delivery, others would judge that the same teabhdrnot satisfied that criterion.

These differences in judgement occurred in aboypéi@ent of the checklist criteria
in some lessons, while in others they occurredist & few of them. As we discussed
and debated these differences, it became cleamtbdiad interpreted many of the
checkilist criteria differently. This suggested te miat the checklist criteria needed
refinement, perhaps a definition for each criteribat would clarify what counts as

evidence of the criterion in the videotaped lessons
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9.2 Defining the criteria on the checklist of van lele phase descriptors

As was stated in the second last paragraph ofose8t4.2.2, the process of turning
videos into information involved a consultative phof four independent observers
(including myself). Subsequent to the trial appglima of the checklist criteria to the
transcribed videotaped lessons, and before thedpyalication of the checklist of van
Hiele phase descriptors to the lessons, each dlysevas requested to write a
definition of what counted as evidence for eackedon on the checklist. This was
done in order to minimize the flexibility in the @jation of the checklist to the

lessons that was evident in the trial applicatiés. rightly noted by Stigler and

Hiebert (1999, p.22), “anyone who has engaged is) glocess knows that it is not
easy to write such a definition. But it can be dof®r example, what would count as
evidence for a teacher’s having introduced a tdyiaecognising and building on

learners’ prior knowledge, as the checklist recgtre

As stated in section 3.4.2.2, the panel of obserueet and after careful deliberation
adopted a definition for each criterion on the d¢fist The aim was to establish
common ground upon which anyone viewing the classroideos or reading the
transcriptions could base his/her judgement of eékéent to which the checklist

criteria were being met.

To define the criteria on the checklist of the \Hirle phase descriptors was a bold
move, as there is no doubt considerable scope rterpretation and hence

disagreement in this context. But not stating anitedn at all was for me even more

dangerous, since it would have meant basing judgeofethe videotaped lessons on
the arbitrary decisions of observers. Each critedn the checklist of van Hiele phase
descriptors was defined by the consultative pahebservers, as indicated in Table
9.1.
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Table 9. 1Definition of the criteria in the checklist of v&tiele phase descriptors

Checklist criterion

Definition

1. Teacher introduces the topic
recognising and building o
learners’ prior knowledge.

byAny instance during the lesson when the teacheioitkp reminds the
nlearners of knowledge covered in previous lessbystecapping or
topics or concepts, or by asking questions whichuldiorequire
learners to recall their knowledge of earlier lessdopics or concepts.

2. Teacher delays instruction

formal vocabulary, and condong

learners’ use of common inform
terms in the issuing discussion.

ofAny instance during the lesson when the teachdialiyi accepts
edearners’ use of informal/layman’s terms either whke learners ar
alasking questions, responding to questions or exipigian idea or &

concept.

4%

3. Teacher asks questions thdither any instance during the lesson when thehtraexplicitly
seek to clarify students’ imprecis

terminology and graduall
introduces formal mathematic
language.

gequests the learners to explain the meaning of engrecise
terminology used by them, or any other such ingamcen the teache
alcarefully guides the learners, through constanbipg to come up
with the correct terminology themselves.

=

4. Teacher creates an interact
learning environment an
encourages learners to challen

contest and negotiate meanin

and solutions to mathematic
problems.

\vAny instance during the lesson when the teachdiagtkprequests the
dlearners to work in groups. This includes any otherh instance whe
gehe teacher gives room for the learners to ‘thrdeas around’ and tak
gen each other’s ideas, whether as a group or iddally, regarding the
amathematical problem at hand.

D S

A

5. Teacher asks questions thakhis includes all instances during the lesson wtienteacher pose

steer students’ thought toward t
central idea being developed.

n

hguestions, whether as examples or classwork fotedmmers, whethe
such questions are written on the chalkboard ortatoed in
worksheets, which would enable the teacher to assearners’
understanding of the concept developed in the tetfugs far.

6. Teacher uses

to seek their solutio

strategies.

own

open-end
questions and encourages learn

edny opportunity given by the teacher during thest®s to let the
elsarners, whether individually or as a group, taneoup with various
ntypes of solutions (strategies) or perspectivestt@n mathematica
problem at hand.

7. Teacher encourages learners

elaborate on their responses.

#ny instance during the lesson when the teachdiaikprequests the
learners to expatiate or shed more light on thainteon (strategy) to @
mathematical problem or an idea which they haveesged.

8. Teacher uses questions ti
encourage the learners to reflg
refine and summarise the

on,
ideas about the concept learned

ndthis include only such instances during the lesstien the teache
raxplicitly asks the learners to reflect on whatythave just learned b
isummarising the lesson themselves or the teaches tte summar
himself.

=

<<

With each criterion on the checklist of the van Ieliphase descriptors having been

carefully defined, the stage was now set to apply ¢hecklist to the transcribed

videotaped lessons. But,

before this, it was deenwmkssary to establish whether

these definitions would serve their intended puepaflsenabling different observers to

reach the same objective judgement about a lesgapplying the same checklist

criterion. Indeed, my critical readers and | weais$ied with the degree of agreement

in our independent judge

ment of the lessons basateodefined checklist criteria in

our second application. On average, we reachesaime judgement about each of the

lessons in no fewer tha

occurred, it was due to

n seven of the checklistertai Where disagreements

an observer citing aberoantonflicting evidence for the

criterion from the transcript. In some such insemcfurther refinement of the
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definition of the criterion was necessary before timal application of the checklist

criteria to the videotaped lessons.

9.3  Analysis of the videotaped lessons accordingttee checklist of van Hiele

phase descriptors

Defining each of the checklist criteria was inhélyeadvantageous to the analysis of
the lesson videos in various ways. For exampleensuring consistency in the
application of each criterion to the lessons, teéinitions provided a context that
helped to reduce judgements as to whether or gitesn lesson met a given checklist
criterion to simple ‘Yes’ or ‘No’ decisions. Thisdilitated the onerous process of
analyzing the videotaped lessons, with the addedrddge that one could practically
tell at a glance which lesson conformed to theaate model of geometry classroom
instruction. But simple ‘Yes’ or ‘No’ decisions tmot to be very informative and

leave the reader with little or no clue about theual activities that took place during
the lesson. Thus to be more useful and informative,'Yes’ or ‘No’ decisions are

supplemented with supporting evidence from segmenhtshe lesson videos, as
indicated in Table 9.2. In some instances, the fimerval during the lesson within

which the evidence was extracted is also given.

In Table 9.2, a ‘Yes’ indicates that the lessonsfiat the checklist criterion against
which it is being measured and a ‘No’ indicates theerse. Lessons 1 through 3
represent those delivered by the NS grade 10 tedbtreAdeleke), the NS grade 11
teacher (Mr Balogun) and the NS grade 12 teacherL@wal), respectively. Lessons
4 through 6 were delivered by the SAS grade 10hexra@Mr John), the SAS grade 11
teacher (Mr Shlaja), and the SAS grade 12 teadieAfqdile), respectively. The full
transcripts of each of these lessons are contaméppendix 8.A—F, pp.130, 136,
148, 155, 166 and 167. In these transcripts, altorgments are italicised, comments
or responses from the learners are in quotes aitirmvin boldface, while the rest of

the transcript represents the teacher’s own voice.
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Table 9.

2Analysis of the videotaped lessons in NS (lessef33 &nd SAS (lessons 4-6)

Checklist
criterion

Lesson 1

Lesson 2

Lesson 3

Lesson 4

Lesson 5

Legson

Yes, 5 minutes on, Mr Adelek
reminded the learners about th
previous week's discussion g
types of triangles.

e No, 5 minutes on, Mr Balogu

piintroduced the lesson b

ndefining for the learners what
triangle is.

Yes, 5 minutes on, Mr Lawa
briefly reminded the learne
pabout their previous week’
lesson for which the curren
lesson is a continuation.

| Yes, 5 minutes on, Mr Joh
s reminded the learners about tl
5 topic they did the previous yeqd
t — that is triangles.

nh No, 5 minutes on, Mr Shlaj
nemerely announced
rlearners the field of study

properties of parallelograms.

to thebefore

A Yes, 13—15 minutes on, jug

the proof of the

+ theorem, Mr Andile remindeq
learners that their knowledg
of the concept of congruend
was needed.

No, being a whole-clas
instruction, no much opportunit
was provided to hear the voig
of the learners.

5 No, being a teacher-dominatg

y instruction, no opportunity wa:
eoffered the learners to expre
themselves.

dNo, as learners’ voice was hea|

5 only for questions requiring

5s'Yes Sir” responses and thog
for which Mr Lawal has alread
given the answers..

dves, 15 minutes on, Mr Joh
explained in formal terms what

etriangle is to his students havir
condoned their incomplet
definition of a triangle.

glines to connect

lines.

hYes, 40 minutes on, long afte
athe students had used straig

rNo, as classroom discussid
htvas teacher-led with littlg

opposite chance given for the learne

e angles of the parallelogra
did Mr Shlaja use the term themselves.
‘diagonals’ to refer to these

nto verbally expresy

=}

No, since no room was provide
for criterion 2.

dNo, since the learners’ voice w4
little heard.

sNo, since no room was provideg
for criterion 2.

dNo, the learners could not repd
their findings before the end d
the lesson.

parallelogram
other”.

rtYes, about 40 minutes on, M

f Shlaja guided the students
learn that the diagonals of

“bisect

eacp

rNo, since no room wa
oprovided for criterion 2.
a

No, as Mr Adeleke dominate
the classroom discussion and d
not create the opportunity fq
student-student interactions
the class.

d No, since group discussion wa

ichot encouraged and Mr Balogy

r did not pose questions to asse

nlearners’ understanding of th
concept taught.

sNo, as Mr Lawal adopted whole
nclass teaching and dominatg
sslassroom discussion and did n
ecreate room for student-stude|
classroom interaction.

-Yes, throughout the lesso

rdperiod, Mr John encouraged t

otearners to work in groups d

ptfour. (See his remarks about 4.
45 minutes into his lesson).

f groups of two.

nYes, throughout his lesson tl
estudents worked in interactivetold the students what |

eNo, 13 minutes on, Mr Andil€

means to “bisect” rather thal
seeking learners’ meaning
the word.

=

Yes, about 30 minutes on, M
Adeleke asked a question fi
which he quickly demonstrate|
the application of the theorem K
has just proved for the learners

rNo, the teacher did not give ar
rform of assessment to th

dlearners other than askin
ewhether the learners understo
what he was saying.

yYes, about 25-30 minutes ol
eMr Lawal posed questions bas
gon the theorem he has ju
pproved  for  the  learnerg
However, he solved theg
guestions by himself.

n,Yes, the worksheets containg
edjuestions that tested learne
stunderstanding of the central idg
. taught.

e

parallelograms.

dYes, about 30—40 minutes ol
sMr Shlaja, through constan
aprobing, led the students tolearners
establish the properties

h,Yes, about 35 minutes on, M
t Andile distributed among th
worksheet;
of containing geometric rider:
on the theorem just proved.

oo —

Yes, about 35 minutes on, M
Adeleke called one of th
learners to write her solution o
the chalkboard.

rNo, all through the lesson, M
e Balogun asked only ‘Yes' o
n‘No’ questions, e.g. he woul
ask: “Are you with me? Am |
correct?” And the learner
would respond: “Yes Sir”".

r Yes, about 35 minutes on, M
Lawal called on a student t
i come to the front *“ang
demonstrate how you arrived

5 your answer” on the chalkboard.

rYes, many of the worksheg
b questions were open-ended a
the learners were required
atanswer them on their own.

opposite  angles
parallelogram?”.

t Yes, about 40 minutes on, M
n&hlaja asked his students:Mr Andile orchestrated the
o“what can you say about thesolution strategy by himself

of

rNo, about 35-37 minutes o

a even though the questior
were open-ended.

D

1

No, Mr Adeleke did not invite|
the learners to challenge th
solution offered by their peer
and so, the learners did n
elaborate on their solutions.

No, as the learners were n
eassessed, no room was provid

ptNo, Mr Lawal did not encourag
edhe learners to elaborate on th

, for them to express themselves| solution.

pt

e No, as no feedback was got fro|
pithe learners before the end of t
lesson.

as ‘right’ or ‘wrong’.

mNo, as the teacher simplyNo, as the learners did n
hewccepted learners’ responsegrovide any solution to 3

problem on their own
throughout the lesson period

—

No, by the end of the lesson, M
Adeleke simply assigne
homework and told the learne
the topic for the next lesson.

rYes, 45 minutes on, Mr Balogu

I summarised all that he hg

staught during the lesson for th
learners.

nNo, Mr Lawal only assigned
shomework at the end of th
elesson.

No, the lesson was brought to
e abrupt end as the learners we

still working when the change

of-lesson bell was rung.

arNo, as Mr

lesson.

Shlaja simply
rassigned homework to thestudents were still doing th
+ learners at the end of theclasswork when the chang

No, 45 minutes on, thg

of-lesson bell was rung.

LU

D
v
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As evident in Table 9.2, two of the lessons debdeby teachers from NS (lessons 1
and 3) and two of the lessons delivered by teadhens SAS (lessons 4 and 6) satisfy
criterion 1 on the checklist of van Hiele phasecdesors. These were the lessons in
which the teachers, by the very generous definitdérthis criterion, recognised

learners’ prior knowledge as a necessary factdhair understanding of the current
lesson. However, two of the lessons, Lesson 2 @&t/ by the NS grade 11 teacher,
and Lesson 5 delivered by the SAS grade 11 teaditbnot meet criterion 1 on the

checklist. The teachers of these two lessons simpdgented the topic for the day’s
lesson without any attempt at determining what ldeners already knew or even
reminding them of aspects learned in their previassons that could aid their

understanding of the present lesson.

Even the teachers who recognised learners’ priowkedge during their lesson did so
by merely referring to lessons, topics or concegigh the learners had already been
taught. Only about half of these teachers expjigthted how these earlier concepts
related to the topic at hand. And none of themssesklearners’ prior knowledge by
asking pertinent questions. Mr Adeleke, the gradéehcher from NS, for example,
started off his lesson by stating that “last weed,discussed about types of triangles”
(see the transcript of Lesson 1 in Appendix 8.430). He then listed the names of
the three types of triangles (scalene, isosceldsgnilateral) for the learners, stating
their properties in each case, rather than askiaddarners themselves to state these

properties.

Anyone who is familiar with the Nigerian educatibsgistem knows that pre-service
college teachers are taught, as part of their fyuadi programme, to ascertain
learners’ ‘entry behaviour’ or prior knowledge hetstart of the day’s lesson. Most of
the teachers who attempted to establish learnensty behaviour’ in this study were
merely ‘paying lip service’ to this aspect of thestructional process, even though
they all had many years of teaching experienceraigtht have been expected to be

more interrogative in this initial stage of the hexhatics lesson.

There were only two lessons that met criterion 2henchecklist. These are Lessons 4
and 5, both of which were delivered by teachersnfi8AS. In both lessons, the

teachers provided an opportunity for the learness verbally express their
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understanding of the mathematical idea or concegéudiscussion. All three lessons
from NS (Lessons 1-3) and Lesson 6 from SAS did satisfy criterion 2 on the
checklist. For these four lessons, instruction wasle-class and teacher-dominated

with little room provided for the learners to exggehemselves verbally.

A lesson that satisfies criterion 3 on the chetklfsthe van Hiele phase descriptors
will also have satisfied criterion 2 on the chesklibut not the converse. Asking
learners to clarify their imprecise terminology hdfollow from giving them the

opportunity to express themselves verbally. Asloarseen in Table 9.2, only Lesson

5 satisfies criterion 3 on the checklist.

Table 9.2 further indicates that only Lessons 4 &ndatisfy criterion 4 on the
checklist. These are lessons during which the tracpromoted and coordinated
healthy classroom interactions. The learners wecewaged to work in small groups
and cooperate with one another in their variousugso Instruction during these
lessons was activity-based using an investigaiyeaach (see the transcripts of these
lessons in Appendices 8.D and 8.E). The remaining fessons (all three from NS
and Lesson 6 from SAS) did not satisfy criterionl@struction during these four
lessons was whole-class, with no provision beingeriay the teachers for learners to
work in groups. None of the teachers who delivetiegse lessons provided any
opportunity for the learners to challenge, conm@sinegotiate the meaning of or

solution to a mathematical idea, concept or problem

Given that criterion 5 only requires the teacheas$sess learners’ understanding of
the central idea being developed in the lessonskigaing questions which are to be
solved either by the teacher, as examples, oréyethrners, as classwork, it was only
Lesson 2 that did not meet this criterion. Thisgasgys that assessment of learners’
grasp of the current lesson is a common featurgeometry classroom instructional

practices among many teachers in NS and SAS.

Criterion 6 on the checklist of the van Hiele phdescriptors was satisfied by four of
the lessons. Two of these lessons (Lessons 1 aner®) delivered by teachers from
NS and the other two (Lessons 4 and 5) were delivby teachers from SAS. These

are lessons during which the teachers asked opdedeguestions and encouraged the
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learners to come up with different solutions to pineblems. The learners were left to
seek their own solution path to the given matherabfproblem during these lessons,
with minimal interference from the teacher. In son@ses, as was evident in Mr
Adeleke’s lesson, a learner would be called to cdovvard and write his/her
solution on the chalkboard. Mr Adeleke’s apparerention in doing this was to
create lively classroom interaction in which thetref the learners could challenge,
contest or present alternative perspectives onstiletion to the given problem.
Interestingly though, Mr Adeleke, like his othedleagues from NS, did not provide
such an opportunity for the learners, since hedaib invite the learners to engage in

such interactive activity.

Criterion 7 on the checklist was the one leassBatl by the lessons delivered by the
teachers. In fact, none of the lessons met thisrwn (see Table 9.2). In terms of the
criterion, teachers are expected to request leaitneglaborate on their responses to a
mathematical problem or concept. However, the failf the teachers to invite their
learners to challenge, contest, negotiate and/ovige alternative perspectives to
each other’s solution or idea (see criterion 4) mehat all of the lessons observed

fell short of satisfying this criterion.

Despite the very generous definition given to ciate 8 on the checklist (see Table
9.1), only Lesson 2 met this criterion. This wag tnly lesson during which a
summary of what was taught was provided by theheatowards the end of the
lesson. Note, however, that if the criterion wesebe strictly defined, then such a
summary should have been given by the studentnanthe teacher (see Chapter 2,
section 2.8.2). Even with this level of flexibility applying the criterion, five out of
the six lessons could still not meet it. In alldilessons, the teachers either assigned
homework for the learners or asked the learnersamplete as homework the

classwork which they could not complete beforeehd of the lesson.

The foregoing analysis centred on each of the distodriteria across all the six
videotaped lessons in this study. The picture émerges from the analysis is that
only three of the checklist criteria were satisfigdfour or more of the lessons. This
means that the instructional practices in the nitgjof the lessons failed to conform

to the van Hiele model of instruction in the geampetassroom. But what does this
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lack of conformity tell about geometry instruction NS and SAS in terms of

students’ opportunity to learn in the geometry laem?

The degree of conformity with or deviation from than Hiele model of geometry
instruction as exemplified by the checklist of \tdiele phase descriptors was taken as
a measure of the learning opportunities that olesemstructional methods offer the
learners in geometry classrooms in NS and SASi(eft3.4.3). Therefore, given
that only a few of the checklist criteria were sti¢dd by nearly all the observed
lessons, it could be argued that in terms of the k#ele model of instruction,
geometry instructional practices in the NS and 8#%S offer the learners scant

opportunity to learn the subject.

In drawing the above conclusion, no claim that b&ag methods in the observed
classrooms are ‘bad’ is made or implied. To be ablmake such a claim, one would
need to look at the activities that typify instioctseparately in the NS and the SAS —
the images of teaching in these schools — and |l reilrn to this shortly. In the
meantime, an analysis of applying the checklightindividual lessons is presented.
This is done in an effort to highlight the numbédrlessons that conform to the

checklist criteria in each of the participating cols.

As evident in Table 9.2, of the three lessons vigleed in NS, two of them (Lessons
1 and 3) satisfy only three of the checklist ci#tefl, 5 and 6), and one of them
(Lesson 2) satisfies only criterion 8 on the chistkiThis means that in NS, the
teaching methods in geometry classroom deviateifsigntly from the van Hiele

model of geometry instruction.

In SAS, Table 9.2 shows that each of Lessons 45sdtisfies five of the eight
criteria on the checklist of van Hiele phase dexors, while Lesson 6 satisfies two of
these criteria (1 and 5). This implies that on ager geometry classroom instruction

in SAS conforms to the van Hiele model of geometsgruction.

In terms of the learning opportunities that theestded methods offer learners in the
geometry classroom, the result in Table 9.2 inégdhat, in terms of the van Hiele

model, the teaching methods in SAS hold greatepudppities for the learners than
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the observed instructional methods in NS. It isassary to stress that this conclusion
is based purely on the indicators of the van Hraledel and not on the subjective
personal judgement of what constitutes a ‘good’ datl’ instruction. | made the
point earlier that no single method of teachingast for all students and all learning
(see section 2.8.4). Nevertheless, learning oppities are undoubtedly enhanced
more by some methods than by others (Stigler & etield999).

Our ascertaining of the extent to which observetrirctional methods in geometry
classrooms in NS and SAS conformed to the van Hiedéel of instruction tells us
little about the actual activities that took platring those lessons. To describe the
actual teaching processes in these schools, | sballturn to the concept of ‘images

of teaching’.

9.4  The images of teaching in geometry classrooms

The phrase ‘images of teaching’ as used in thigystefers to a description that
captures the dominant and distinctive activity lassroom instructional processes
(see section 3.4.2.2). It was indicated in theiseainder reference that the purpose
of using images of teaching in this study was tteed our knowledge about the
nature of instruction in geometry classrooms ina¥8 SAS beyond an understanding
of the extent to which the observed methods inglsehools conformed to the van

Hiele model of instruction.

7 . . .
If learners are asked to evalua]-ge using a calculator, the possible responses might

be 2, 2.1, 2.13 or 2.125. Each of these learnarsriect, depending on the number of
decimal digits desired. The convention in mathecsathowever, is for the teacher to
specify the number of decimal digits correct to evhieach learner is expected to
express his/her answer, so that the problem wilehanly one solution for all the

learners. The instance just described is analogtie images of teaching described
in the next few sections. Although | have includiee transcripts of the lesson videos
in Appendix 8.A-F, pp.130, 136, 148, 155, 161 ald, different readers of these
transcripts may foreground or focus attention difedeént aspects of these lessons

(see, for example, Stigler & Hiebert, 1999).
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In order to have a ‘common denominator’ upon whaginions about the lessons
might be based, activities during the lesson hagenbarticulated in themes to
facilitate an organised presentation of the imageseaching in evidence. It must
quickly be pointed out, however, that since thadaiipts of the lessons are included
in the thesis, the emergent themes are discussigdbaefly in this chapter. The

themes around which the images of teaching argrfouaded in the lesson videos of
NS and SAS are: exchange of greetings; introduttieglay’s lesson; the body of the

lesson; review of the day’s lesson; and assignargdwork.

9.4.1 The images of teaching in NS geometry classro

Before presenting the themes in terms of whichithages of teaching in NS are
organized, | will briefly report a few of the comnte made by two of my three
critical readers that were involved in the triapbgation of the checklist of van Hiele
phase descriptors to the transcribed lesson videes section 9.1, para.4). The
purpose here is not for me to bias the mind of rbader against the teaching
processes in these lessons, but rather to demtndtregher that the images of
teaching reported for each of the participatingosth were not based on my own

subjective judgement alone.

| had just asked the Nigerian among my three ppdiing colleagues to comment on
the teaching methods in the lesson whose transdrgthad just read. This is what he

had to say about teaching in NS:

Ah! | think we should start videotaping our owns@ss so that we can see for
ourselves how badly we teach. Maybe, | teach eqaallyad, but because | don’t get
to see myself, | do not know. My God! These teashers just running commentaries
throughout the lesson, particularly the grade 14cteer

The Namibian master’'s student and college of edutdecturer (see section 9.1,
par.4), on a different day and separate occasien, made the following comments

about teaching processes in NS lessons:
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| find it difficult to analyze some of these lessosing the criteria on this checkilist.
The teaching method of teachers from NS does mébigo to many of the criteria on
the checklist. | think all of them were simply lgttg. In fact, from what | read on
these transcripts, the approach they used is hitgdgher-centred.

Were these colleagues of mine unjustifiably critigbout the teaching processes in
NS geometry classrooms? | will now turn to the teengoncerning the images of
teaching in NS for a possible answer. In the disiomsthat follows, Appendix 8.A—C,

pp-130, 136 and 148 should be consulted for adirezices made to any of the lessons.

9.4.1.1 Exchange of greetings

In the NS (as in many other public high schoolsNigeria), the learners have
permanent classrooms where the teachers go to ameleteach them in turn. The
teachers usually stay in the staffroom or in thespective offices when they have no

class to teach.

When the teacher enters the class, the learnerd sfmand greéf “Good morning

Sir". The teacher responds: “Good morning”. Thearess then settle down and the
lesson is now officially underway. But is this eaclge of pleasantries between the
learners and the teacher at the beginning of tesote of any significance to the

classroom instructional processes?

My observation of NS videotaped lessons suggestshis exchange of greetings has
a classroom management function. It appears to $teategy by which the teacher
subtly exercises control over the learners. Thenlma who have been chatting away
become quiet soon after the exchange of greetifigey seem to have an implicit
understanding that with the exchange of greetihgslésson is about to begin, and

that any learner who makes a noise thereafter nmggrtfere with the lesson.

9.4.1.2 Introducing the day’s lesson

Teachers in the NS (e.g. Mr Adeleke and Mr Lawaebdt to introduce the day’s

lesson by recapping on the previous lesson or tdpit the introduction grossly

!5 In some cases, e.g. Mr Balogun’s lesson, it igeheher that greets first and the learners wded t
respond.

Page 295



underplays the significance of determining learngmsor knowledge about the

current topic (see sections 2.7.4.3 and 2.8.4)ANkleke, for example, introduces the
day’s lesson by stating for the learners what they earlier “discussed about types of
triangles”. Mr Adeleke, like his other colleagué®es not ask questions that would

enable him to ascertain what the learner alreadyvkn

The introduction of the lesson, and indeed, th@eiigsson delivery in NS, is based
on the transmission—absorption model of behaviou see Chapter 2, section 2.8.4,
para.2). The teacher directly introduces the lesspmarrating’ to the learners the
work that they did in their previous lesson. Sor¢he references made, during the
introduction, to the work done in the previous tagsonly have remote connections
with the current topic. For example, how would arfer’'s knowledge of types of
triangle assist him to prove that the angle sumadfriangle is 180°? (See Mr
Adeleke’s lesson during the first 5 minutes.) Exiplg learners’ prior knowledge of
the angle properties of parallel lines and trarsalsrand straight line angles is clearly
more related to the proof of the angle sum of angie than exploring their

knowledge about types of triangles.

9.4.1.3 The body of the lesson

By the phrase ‘the body of the lesson’ | meantadl instructional activities during the
lesson that exclude the introduction, review of dag’s lesson, and the assigning of
homework. In other words, ‘the body of the lesseoafers to all the instructional
activities that lie between those that mark theifrégg of the lesson (i.e. the
introduction) and those that mark the end of tissde (i.e. review of the day’s lesson
and assigning of homework). The body of the lessoNS is described in terms of
the following subthemes: presenting the conceptierday; lesson organisation; and
who does the work? Although other subthemes lilssda cohesion, type of tasks
given, making connections across topics etc. aportant components of the body of
the lesson (see Stigler and Hiebert, 1999), theetishosen for reporting in this study
appear to be the most pertinent to making decisamosit the success of the lesson in

terms of student learning.
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Presenting the concept for the dayStigler and Hiebert (1999) distinguish between
two forms of concept presentation during a lessoe: in which the teacher justates
the concept for the learners, and the other in wihe teachedevelopghe concept
with the learners. If, for example, the teachelstéhe learners that the sum of the
angles of a triangle is 180° in a lesson whosedasuhe proof of the angle sum of a
triangle, the teacher has mershatedthe concept. On the other hand, if for a lesson
with a similar focus, the teacher guides the le@m® first establish, through
measurement, that the angle sum of a triangleQ$ t8fore carefully leading them to
write the proof, then the teacher hdmsvelopedhe concept. The view expressed by
Stigler and Hiebert (1999) is that lessons in whadncepts arelevelopedhold
greater opportunities for the learners to learnheaiatics than lessons in which
concepts are justated What form of concept presentation is evidenthia kssons

delivered by NS teachers?

Just after the brief introduction in NS lessong thacher announces the concept or
topic for the day orally and then writes it on tttelkboard. Mr Adeleke, for example,
announces to his learners that “today we are gmirigok at how we can prove that
the sum of a triangle, ok, is equal to 180°". lisita theorem to be proved, as was the
case with Mr Adeleke and Mr Lawal’s lessons, thecker then goes ahead to write
the proof on the chalkboard all by himself, askimgy superficial, corroborative
‘Yes’ or ‘No’ questions of the learners. The teacbmphasizes the steps for writing
the proof to the learners, who are expected to Iginappy the proof from the
chalkboard. Clearly, this approach ‘fits’ StiglendaHiebert’s notion ofstating a
concept during lesson presentation, and by implinait offers little opportunity for
the learners to learn mathematics. Had the teadlmved the learners to find out for
themselves that the angle sum of a triangle is b&8®Gre guiding them, through the
asking of pertinent, thought-evoking questionswiite the proof, he would have
indeeddevelopedhe concept. In sum, in NS classrooms, conceptsrarelystated

rather thardeveloped

Lesson organization The way a lesson is organized provides a contékin which
the teacher engages the learners in learning theepd or subject (Stigler & Hiebert,
199). Generally, class time during the lesson cadodd divided into periods of

classworkandseatwork(Doyle, 1983) Classworkis when the teacher is working with
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all learners and, usually, orchestrating classrd@oussion (Stigler & Hiebert, 1999).
Activities duringclassworkinclude learning a new concept, reviewing a presip
learned concept, demonstrating a solution strateggplving a problem together. In
fact, activities during classwork are usually tezxeled and are based on whole-class
discussion or direct instructiorseatwork according to Stigler and Hiebert (1999,
p.67), is “the time when students work individuadly in small groups on assigned
tasks. Talk is mostly private — teacher-studentstudent-student”. According to
Doyle (1983, p.189), “research on effective teaghias generally indicated that ...
high levels of student [task] engagement are aagtiwith high [academic]
achievement”. There is evidence from researcht#rats to indicate that in effective
classroom teaching — teaching of a kind that offeasners a real opportunity to learn
the subject — approximately 60 to 70 percent adtame is usually spent in seatwork
(Doyle, 1983).

Of the three lessons videotaped in NS, about 86ep¢rof class time was spent in
classwork in two of the lessons (those of Mr Adelelnd Mr Lawal), while 100

percent of class time was spent in classwork inBdlogun’s lesson. The image of
teaching created here is that in NS, nearly alldlass time is spent in classwork in
which the teacher orchestrates classroom discussioteacher-led whole-class

instruction. Less than 10 percent of class time spent inseatworkin NS lessons.

Few who are familiar with general classroom teaglinNigerian public high schools
would express much surprise that the amount ofsctame spent in classwork
surpasses that spent in seatwork in NS. What maya#ing, though, is the extent of
the difference between the times spent in classwodkseatwork. But even this is not
necessarily unique to Nigeria, since accordingtiglé& and Hiebert (1999, p.67), “in
Japan and the United States 60 percent of thes]dimse was spent in classwork; in

Germany it was 70 percent”.
Knowing how much time was spent in classwork aratvgerk is of little significance

unless we know what happens during these timesn&®d to know who is doing the

mathematical work during classwork and seatwork.

Page 298



Who does the work? There appears to be consensus among the majbatiucators
that learning opportunities are enhanced when éardo most of the mathematical
work during the lesson (Doyle, 1983; Stigler & Hiety 1999). However, merely
looking at whether things are being done duringssork or seatwork is not
sufficient. For example, during classwork the teacis often doing the work, but
might orchestrate the discussion so that the learage required to do some of it
themselves. On the other hand, during seatworletir@ers are often doing the work,
but might be assigned tasks for which the teacheratready done the mental work.
In order to measure more accurately who is doiegnlathematical work, Stigler and
Hiebert (1999) suggest that one needs to look ateamtrols the solution method to a
given mathematical problem. In their view, if tleather suggests a solution method
or quickly demonstrates a procedure for solvingpgtablem, then he is doing most of
the work. If, however, the teacher guides the leario invent their own solution

strategies then the learners are doing the matihshatork.

As stated earlier, nearly the whole class timepisns in classwork in NS lessons.
During this period the teachetates(as againstieveloping the concept and quickly
demonstrates the application of the concept tarsgpimathematical problems (see Mr
Adeleke and Mr Lawal’s lesson transcripts in Appead 8.A and 8.C). The teacher
then assigns a similar problem to the learnersot@m their own during seatwork.
Hence, another image of teaching evident in thechSsrooms is that during the
lesson the teacher does more of the mathematia&l tivan the learners. This implies
that teaching methods in the NS, as observed inetson videos, do not offer as

much opportunity for the learners to learn math&sats they might.

9.4.1.4 Review of the day’s lesson

An important instructional activity that typifieee ending point of a lesson, according
to the van Hiele phases of learning, is for therlees to summarize the main ideas
learned during the lesson (see section 2.8.4.1Pagd, 1995). Only one of the three
lessons videotaped in the NS provided an overvitthe day’s lesson at the end of
the lesson. Mr Balogun’s lesson was the only onghith the main concepts learned
in the lesson were summarized at the end. But Modden himself provided the

summary, rather than asking the learners to dé@oexample, towards the end of the
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lesson, 45 minutes on, Mr Balogun says: “so, lgtidack to where, where we started
from. We talked about em, definition of trianglehieh | said that a triangle is ...
Then from there we moved down to the types of glies that we have ... Then from
there we talked about the properties of triangles hsaid ...” (see Mr Balogun’s

lesson in Appendix 8.B, p.136).

The significance of allowing the learners to prevah overview of the lesson is that
it affords the teacher insight into what aspecth&f day’s lesson was not properly
understood by the learners. It also offers thenkear the opportunity to reflect on
what they have just learned. So, another imageaxhing evident in NS lessons is
that the learners are not given the opportunitseftiect on and summarize their ideas

about the concept learned.

9.4.1.5 Assigning homework

Assigning homework to the learners forms part efitistructional activities that mark
the end of the lesson in the NS. Just after thesalark, Mr Adeleke, for example,
says to his students: “Now, | want you to go honith this ... | want you to go home
with this and find angle A and angle C” (see Mr kake’s lesson in Appendix 8.A,
p.130). He then writes the following problem on tmalkboard.

75
] ]
Find A andC

35

It is important to note that although nearly a# teachers in the NS assign homework
to the learners, there is no evidence in theirolesshat learners’ solutions to the
assigned homework are checked in the next day'sofesWith the assigning of

homework, one would expect that checking of lea’nersponses would form part of

the starting activities or introduction to the dajésson. As this was not the case in
NS lessons, it would seem that another image chtag in NS classrooms is that the
teacher assigns homework to the learners durindetsson, but this assignment is
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taken as an end in itself. That is, the teaches dwothing with the homework that he

assigns the learners.

9.4.2 The images of teaching in SAS geometry clasem

As was done with the NS lessons (see section 9Maljo asked my three colleagues
(see section 9.1, para.4) who were involved inttiaé application of the checklist of
van Hiele phase descriptors to the transcribedotesédeos to comment on the
teaching methods in SAS as revealed by the videdt&ssons. The second-year PhD
student from Namibia in the Education departmenmgfuniversity has this to say
about teaching in SAS:

As | read through the transcripts of the lessonf®uind a lot of similarities between
some of these lessons and the way teaching is idomg/ country. Almost all the
teachers from SAS used an approach that is learaatred in that teaching in these
lessons is activity-based, and that is how we teéaabur country. The learners are
allowed to work in small groups while the teacheryomediates between and
coordinates interactions within and between theugio

Does the above comment from my colleague accuratgifure the form that teaching
takes in SAS? It may be that my colleague has etagred the situation a little, but
the picture that is portrayed is quite clear: Téaghin SAS is activity-based and
learner-centred. To confirm this, one could, of rsey read the transcripts of the
lesson videos in Appendix 8.D-F, pp.155, 161 and, E&suming that the reader
already knows what the indicators of a learnerteshtapproach to classroom
teaching are (see, for example, Howie, 2004 foricetdrs of a learner-centred
approach). In order not to leave the descriptiothefform that teaching assumes in
SAS to the individual reader’s subjective judgeménwill now turn to the themes
emerging from the images of teaching, as was don¢he NS lessons (see sections
9.4.1.1 through to 9.4.1.5).

9.4.2.1 Exchange of greetings

As was stated in the last paragraph of sectiorl23f Chapter 3, in SAS (as with
many State ‘township’ high schools in the Easteap®), the learners do not have

permanent classrooms. As a result, during eachgehafilesson time, the learners

Page 301



move to another classroom where the next lesssrhisduled to take place. However,
the teachers, in addition to having desks in tladfreibom, also have a permanent
classroom where the learners go to meet them dwamh lesson period. This

situation whereby the learners move from one dlagbe other during each change-
of-lesson time has important implications for the wf class time and the exchange

of greetings between the learners and the teacher.

Just before the lesson period, the teacher is busnging the class for the next
lesson. Soon, the learners begin to file into thes; chatting away. As they enter into
the class, the learners settle on their seatsrerttvidually or in small groups of two
or four according to the arrangement which thelteabas made of the seats. In some
instances the teacher directs the learners tofgpseats. Meanwhile, the learners are
busy chatting to one another, and valuable clase tis ticking away. In some
instances, the teacher simply begins his lessotewviine learners are still chattering,
without exchanging pleasantries with them. In shafrthe three lessons videotaped in
SAS, it was only in Mr Andile’s class that therecaoed an exchange of greetings
between the teacher and the learners. But whheisignificance of this exchange of

greetings to the classroom instructional process?

As with NS lessons (see section 9.4.1.1), the exgdhaf greetings has a classroom
management function in SAS. What | observed inlésson videos of SAS is that in
the class where an exchange of greetings occuretddebn the teacher and the
learners (i.e. in Mr Andile’s class), the learneedtled down for the day’s lesson
much more quickly than in classes where such ahamge of greetings did not take
place. My impression about teaching in the SAS wetljard to exchange of greetings
between the teacher and the learners is that, sedhe learners file into the class at
different times, often such exchange of greetingssdnot take place. But when it
does occur, it has the same classroom managemecticiu of settling down the

learners quickly as it has with NS.

9.4.2.2 Introducing the lesson

Teachers in SAS (e.g. Mr John and Mr Andile) temantroduce the day’s lesson by

explicitly interrogating learners’ prior knowledgelr John, for example, having told
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the learners that the current lesson relates fo pinevious year’s work on triangles,
then asks the learners to state what a trianghes ia means of assessing their entry
knowledge. Similarly, just before writing the prooff the theorem which formed the
main focus of the day’s lesson, Mr Andile interrtagahis learners’ knowledge of

congruency necessary for the proof of the theorem.

In SAS the introduction of the lesson and indeedehtire lesson delivery is based on
a constructivist approach to teaching (see sei®m). Mr Andile, for example, does
not just ‘narrate’ to his learners (as some teactat in NS lessons) what knowledge
of congruence is needed for the current lessonhdRathe carefully guides the
learners, through prompts, to state the conditionsongruency needed for the proof
of the theorem. As noted by my colleague refereaadrlier on, teaching in SAS
tends to be learner-centred and activity-based. aftsr the brief introduction, Mr
John, for example, tells the learners that “I'vet gome worksheets for you to

complete”.

It is also important to point out here that durthg introduction of the lesson in SAS,
references made to the work done in their previessons were more closely related
to the current lesson than was the case with N$oies (see section 9.4.1.2). The
image of teaching here is that during the introduncof the lesson in SAS, the teacher

interrogates learners’ prior knowledge and relétesthe current topic being taught.

9.4.2.3 The body of the lesson

As with NS lessons, the body of the lesson in SASdéscribed under these
subthemes: presenting the concept for the daypessyanisation; and who does the

work?

Presenting the concept for the dayFollowing a brief introduction in SAS lessons,
the teacher announces the concept or topic fodalyeorally and circulates around the
classroom, distributing worksheets to the learndirsShlaja, for example, says to his
learners that “today’s lesson is an introductore.olt is about the properties of
parallelograms”. The teacher then distributes woek$s which he had prepared for

the day’s lesson to the learners. When measureraedtsr constructions are required

Page 303



(as was the case with Mr John and Mr Shlaja’s lessothe teacher distributes

measuring and/or construction tools to the learners

Following the distribution of the worksheets andaswing/construction tools, the
teacher tells the learners what is expected of thear example, having given
worksheets on parallelograms to his learners, Maj8tsays to them: “Now | want
you to measure AB. Measure AB and you write it doMhen you finish measuring
AB, you measure CD, then after measuring that, orea&\C and BD” (see Mr
Shlaja’s lesson in Appendix 8.E, p.161). As theriees begin to do the activities on
the worksheets, either individually or in groupbkge tteacher moves around the
classroom answering their questions, correcting #@ors and giving guidance to
them. If the teacher identifies a common erroreiarhers’ work, he resorts to whole-
class instruction by making use of the chalkboardexplain the problem to the

learners.

While the learners are working on a problem, thacher does not quickly
demonstrate a procedure for solving the problerme Barners are first allowed to
develop their own solution strategy before beimngjsdsd where necessary. Mr Shlaja,
for example, having made the learners measure andrd the angles of the
parallelogram on the worksheet, then poses thistoue “What can you say about
the opposite angles of a parallelogram?” The learaaswer correctly that “they are
equal” and Mr Shlaja writes this on the chalkboasdone of the properties of a
parallelogram. By asking similar questions, Mr $&hlguides the learners to develop a
secure knowledge of the properties of parallelogranaher than just informing them

about them.

The instructional procedures described in the mhecethree paragraphs clearly ‘fit’
into Stigler and Hiebert's notion afevelopinga concept during lesson presentation
(referred to earlier in section 9.4.1.3). Henceyther impression or image of teaching
evident in SAS geometry classroom is that concepes developed (through
investigative activities) and not justated Given Stigler and Hieber's (1999)
assertion that learners’ opportunities to learneai@anced in lessons where concepts

are developedthan in lessons where they are mersigted what this means, in
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relative terms, is that learners in SAS have greapgortunities to learn geometry

than their counterparts from NS.

Lesson organization As with NS lessons, class time in SAS was divibted periods

of classwork and seatwork. However, instruction tiese two schools differs
significantly in terms of the amount of class titiat is spent in classwork and
seatwork. Far more of class time was spent in sg&tim SAS lessons than in NS

lessons.

In two of the three lessons videotaped in SAS @&hosMr John and Mr Shlaja),

between 50 to 60 percent of class time was spealasswork. In these lessons the
learners worked in small groups of two or four ¢ tassigned tasks, using an
investigative approach. Whole-class instruction wamimal. However, in Mr

Andile’s class over 70 percent of class time wasnspn classwork, and discussion
was mostly whole-class and teacher-led. The imégeaghing created here is that in
SAS, more class time is spent in classwork thase@twork, especially for lessons

where instruction is whole-class and teacher-led.

Who does the work?In both classwork and seatwork, the SAS learngpear to be
doing more of the mathematical work than the teache Mr Shlaja’s lesson, for
example, during seatwork, the teacher circulatesirat the classroom, only giving
guidance to the learners who are working on thein.oAnd during classwork, the
teacher asks probing and thought-provoking questioat lead the learners to provide

answers to the mathematical problem at hand.

There was, however, one exception to the claim thatlearners did more of the
mathematical work during classwork and seatwor8AS classrooms. In short, in Mr
Andile’s lesson, it is the teacher who does nealiythe mathematical work during
both classwork and seatwork. Although Mr Andile digk questions that could help
the learners to gain ownership of the mathemat&agblearned, all too often he
answers these questions himself without allowingugh time for the learners to
think more critically about the problem and comewifh their own solution. Was he
trying to impress the researcher? Neverthelesgngikie kinds of questions that Mr

Andile asked during the lesson, one would agretttteawhole lesson structure was
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designed for the learners to do more of the matkiealavork. Hence, in general,

another image of teaching in SAS classrooms isahehg the lesson the learners do
more of the mathematical work than the teacher.tMHig means, in relative terms, is
that teaching methods in SAS, as observed in theotaped lessons, offer greater

opportunity for the learners to learn mathematiesitthe NS methods.

9.4.2.4 Review of the day’s lesson

In all three lessons videotaped in SAS, the teacheither provided an overview of
the day’s lesson nor did they ask the learnersotea None of the lessons ended
‘smoothly’, since the learners were often still Wiog on assigned tasks when the
change-of-lesson bell rang. The teachers tendedctade more activities in their
lessons than available lesson time could accomraodet a result no provision is
made for either the teacher or the learners to sanmmthe lesson at the end of the
lesson period. Therefore, another image of teaclamglent in SAS geometry
classrooms is that the learners are not providedogpportunity to reflect on and

summarize key ideas learned in the day’s lesson.

9.4.2.5 Assigning homework

As with NS lessons, assigning homework to the keanforms part of the
instructional activities that mark the end of thesdon in SAS. The assigned
homework in SAS is often part of the task which tearners were not able to
complete during the lesson period. Towards the @nHis lesson, Mr Andile, for
example, says to the learners who had been workingn assigned task that “you

will finish that as homework” (see Mr Andile’s lessin Appendix 8.F, p.167).

It must be mentioned here too that as with NS,oalgin SAS teachers assign
homework to the learners, there is no evidenceltfaahers’ responses to the assigned
task are checked in the next day’s lesson. Hereathar image of teaching in SAS
classrooms is that the teacher assigns homewdHettearners during the lesson, but

subsequently does nothing with that homework.
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9.5  Chapter conclusion

This chapter presents the results of the analySith® instructional methods in
geometry classrooms in NS and SAS. For this arsmlybie van Hiele model of
geometry instruction was used as a lens. Each efstk videotaped lessons was
analysed first to determine its conformity withteria on the checklist of van Hiele
phase descriptors developed for the purpose. Nextimages of teaching evident in

NS and SAS lessons were described. The major fisdimclude the following.

« Overall, only three of the eight criteria on theecklist of van Hiele phase
descriptors were satisfied by four or more of thelessons. This means that
instructional processes in the majority of the dessvideotaped in NS and SAS
did not conform to the van Hiele model of instroatin the geometry classroom.
The conclusion reached was that, in terms of the Keele model of geometry
instruction, the observed geometry instructionahcpices in NS and SAS

classrooms do not offer learners much of an oppdytto learn the subject.

» Of the three lessons videotaped in NS, two of tifleessons 1 and 3) satisfy only
three of the checklist criteria (criteria 1, 5 aB)d and one of them (Lesson 2)
satisfies only criterion 8 on the checklist. Thexdasion was reached that in NS,
the teaching methods in the geometry classroomatiesignificantly from the van
Hiele model of geometry instruction, and hence olek methods were

interpreted as offering learners scant opportuwoitigarn the subject.

* In SAS, Lessons 4 and 5 satisfy five of the eigiteda on the checklist of van
Hiele phase descriptors, and Lesson 6 satisfiesofintbe checklist criteria (see
Table 9.2). The conclusion reached was that onaaeergeometry classroom
instruction in SAS conforms to the van Hiele modélgeometry instruction.
Hence, in terms of the van Hiele model, observadhiag methods in SAS hold
greater opportunities for the learners to learn #uwbject than observed

instructional methods in NS classrooms.

Beyond describing how observed instructional meshimdthe participating schools

did (or did not) conform with the van Hiele moddl geometry instruction, this
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chapter also gives a description of certain imaggsaching evident in the observed

classrooms. The findings concerning these imagésaching are as follows:

» Exchange of greetingsJust before the lesson starts, there is usualigxahange
of greetings between the teacher and the learnekSiclassrooms. In SAS, this
exchange of greetings is often skipped. Wheneverexshange of greetings
occurs, whether in NS or in SAS lessons, it has dlassroom management

function of settling down the learners quickly the day’s lesson.

* Introducing the day’s lesson During the introduction of the lesson in NS
classrooms, the teacher merely recaps on the mrel@sson or topic. The teacher
neither interrogates learners’ prior knowledge does he relate learners’ prior
knowledge to the current topic. In SAS, during iteoduction of the lesson, the
teacher explicitly interrogates learners’ prior whedge and relates it to the

current topic or concept being taught.

» Presenting the concept for the dayAnother image of teaching evident in the
observed lessons is that in NS classrooms, coneeptmerelystatedrather than
developedIn SAS classrooms, concepts dmvelopedand not jusstated What
this means, in relative terms, is that learnerSA% have greater opportunities to

learn geometry than their counterparts from NS &ager & Hiebert, 1999).

* Lesson organization In NS, about 80 percent of class time was spent i
classwork in two of the three lessons, while 10&@et of class time was spent in
classwork in the remaining lesson. In SAS, betwe@r60 percent of class time
was spent in classwork in two of the three videethfessons, while about 70
percent of class time was spent in classwork inotiher lesson. The conclusion
reached was that although in both NS and SAS dasss the total class time is
usually divided into periods of classwork and seakyin NS lessons the teacher
spends a much greater percentage of class tim&assveork than in seatwork,
whereas in SAS lessons class time is shared aletpstlly between classwork

and seatwork.

Page 308



* Who does the work In NS, the teacher does more of the mathematiodd than
the learners during the lesson. In SAS, it is tsariers who do more of the
mathematical work than the teacher. The conclust@ached was that in relative
terms, observed teaching methods in SAS offer atgreopportunity for the

learners to learn mathematics than NS methods.

» Review of the day’s lessanin both NS and SAS lessons, the learners are not
given the opportunity to reflect on and summarizeirtideas about the concept
learned.

* Assigning homework Lastly, another image of teaching evident in kgson
videos is that in both NS and SAS classrooms, ¢aeher assigns homework to
the learners during the lesson, but this assigniseéaken as an end in itself as the

teacher does nothing with the homework once itdegs done.

As a final word in this chapter, the findings frdhe classroom video study indicate
that observed instructional methods in SAS geometassrooms offer greater
learning opportunities for the learners in the sabthan observed teaching methods
in NS classrooms. These findings could explain Vélayners from SAS outperformed
their counterparts from NS on all the tests usatii;study, as reported in Chapters 4
through 8. This was the same conclusion reacheStigier and Hiebert (1999) when
they used classroom video study to explain why depa school children usually
outperformed many of their counterparts from otb@untries like Germany and the
U.S. in TIMSS. Stigler and Hiebert (1999) concludleal learners from countries like
Japan where the teaching methods offer greater rappities for learning
mathematics outperformed their peers from countwbere the teaching methods

tended to limit learners’ mathematics learning oppaties.

Given the findings of this study, it would seem ttearners whose instructional
experiences align approximately with the van Hplases of learning are most likely
to demonstrate a better understanding of geomedmcepts than their counterparts
whose geometry classroom instructional experiemgate significantly from the

van Hiele model. It would be a worthwhile ventuoe Iboth prospective and practising
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teachers who seek to enhance their instructionattices and thus promote their
learners’ geometric understanding to try out tha ¥hele model of instruction in

their classrooms.

The study is concluded in the chapter that follows.
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CHAPTER TEN

CONCLUSION

10.1 Introduction

This study aimed both to explore and explicate tae Hiele levels of geometric
thinking of grade 10, 11 and 12 learners in Nigeraamd South African schools.
Furthermore, it aimed to provide a rich and in-tledescription of the geometry
classroom instructional practices that might hawntiibuted to the levels of
geometric conceptualization exhibited by the sangpleort of high school learners.
The latter aim was conceived in order to assesst Vidwning opportunities

instructional methods currently being used miglemearners of geometry.

The research reported in this study is a case sttdy oriented in an interpretive
paradigm and it utilizes both qualitative and quative methods. Employing both
purposive and stratified sampling techniques, theysinvolved a total of 144 high
school learners and 6 mathematics teachers: 7@elesaand 3 teachers from a State-
owned high school in Ojo LED in Lagos State, Nigegnd 72 learners and 3 teachers
from a comparable ‘township’ high school in the Mak Educational District in the

Eastern Cape, South Africa.

The study was structured into three phases, with ghase addressing one of three
major goals. Phase 1 concerned determining the Hiate levels of geometric
thinking of the participating learners. Phase 2levgal the possible correlations
between the participating learners’ van Hiele Isvahd achievement in ‘general’
mathematics, and phase 3 examined instructiondiadstin the geometry classrooms
of the participating schools. Many of the findinigs this study are discussed in
Chapters 4 through 9, in the course of which theyralated to the literature review
of Chapter 2. In the section designated “chapterciesion” at the end of each of

those chapters, a summary of the relevant resdiadings is presented. This chapter
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provides an overall summary of all those findingsl,ain particular, addresses the

following:

» Review of the research goals and the researchigogst

* A summary of the findings of greatest significafiren the study;
» Significance of the study;

* Limitations of the study;

* Areas for future research;

» Implications and recommendations for teaching &adning;

» A final word of personal reflection.

10.2 Review of the research goals and the reseamghestions

This study sought to achieve three main goals.téted in the preceding section, each
of the three phases into which this study is stmaxt coincides approximately with
one of the main goals of the study. In pursuanctnese goals, answers were sought
to three major research questions. In section 102 review of the main research

goals is presented, and in section 10.2.2, a rewfetve research questions.

10.2.1 Review of the research goals

In Chapter 1, the three main goals of this studseveeticulated as follows:

1. To explore and determine the van Hiele levels obngetric thinking of
selected grade 10, 11 and 12 learners in NigedeSaith Africa;

2. To explore and explicate the possible correlatibas might exist between the
van Hiele levels and general mathematics achievemkthe participating
learners;

3. To provide information on geometry teaching in stdd Nigerian and South
African high schools, and hence to elucidate whassible learning
opportunities observed instructional methods offearners in geometry

classrooms.
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The first goal

This goal was addressed in phase 1 of this studg &ection 3.3.4.1) and was
achieved by employing both pen-and-paper testsTH®T, CPGT and the VHGT —
see sections 3.3.4.1.1, 3.3.4.1.3 and 3.3.4.1dlpdrands-on activity test (the GIST —
see section 3.3.4.1.2). In a nutshell, the goal waelsieved largely through the
administration of the VHGT, a test adapted fromsldsi's (1982) CDASSG van
Hiele geometry test. The other three tests (i.e. TRGT, GIST and the CPGT),
though providing useful insight into learners’ llsvef geometric understanding, were
employed mainly in pursuance of the second go#hisfstudy. The VHGT proved to
be a useful and an effective van Hiele levels deiteation test, and the findings
relating to learners’ van Hiele levels in this st dee Chapter 7, especially sections
7.2.3.1 through 7.2.3.4) were, on the whole, coestswith those of Usiskin (1982)
and Siyepu (2005).

The second goal

This goal was addressed in phase 2 of this stuedg é&ection 3.3.4.2), and was
achieved by computing the correlation coefficiebé&ween learners’ VHGT scores
and each of their SEM, TPGT, CPGT and GIST scoses (Chapter 8, especially
sections 8.2.1 through 8.2.6). Generally speakihg, correlation between the van
Hiele levels and the general mathematics achievemethe participating learners
was determined by computing the correlation coeffic between learners’ VHGT
scores and their SEM scores. In relating the varieHevels specifically to learners’
knowledge of school geometry, learners’ VHGT scavese correlated with each of
their TPGT, CPGT and GIST scores. For each of #réqgipating schools, the results
obtained for these correlations (see sections 8a& 8.2.3) were, in general,

consistent with those of Usiskin (1982).

The third goal

This goal furnished the aim of phase 3 of the st(gBe section 3.3.4.3). It was
achieved by engaging in video study of geometrysstiaom instruction in the
participating schools (see Chapter 9). The vanedirbdel of geometry instruction
provided the overall perspective and analytic lEmsthe explication of instructional
practices in geometry classrooms in the partiaigasichools (see sections 2.8.2, 2.8.4

and 2.8.4.1). The general procedures for studyiegd classrooms and for reporting
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the findings were modelled after Stigler and Hi€beg(1999) TIMSS video study of
instructional methods in mathematics classroom@dmmany, Japan and the U.S (see
section 3.3.4.3). In terms of the learning oppdties that observed instructional
methods offer the learners in geometry classrodhesfindings from this study (see
section 9.5, second last paragraph) were consigtiémtthose of Stigler and Hiebert
(1999).

10.2.2 Review of the research questions

This study addressed three major research questdanstated in Chapter 1, these
guestions were not necessarily intended to setdimn what the study aimed to
achieve. Instead, they were intended mainly to igewa sharper focus for realizing
the broader goals of the study. The three resaprektions as articulated in Chapter 1

are as follows:

1. What van Hiele level of geometric thinking do sédekcgrade 10, 11 and 12
learners attain by the end of the study year iir tegpective grades?

2. How does a learner's van Hiele level of geomethimking correlate with
his/her achievement in school mathematics geneaaty in school geometry
specifically?

3. What learning opportunities are evident in selectdzberved geometry

classroom instructions in the participating sch@ols

The first question

The purpose of this question was to address thedoal of this study, and the VHGT
was especially designed to realize this goal. Batftndings from the VHGT alone

could provide only a part of the general picturdeafrners’ understanding of school
geometry. Hence, the other three tests (i.e. th@ TTRCPGT and the GIST) were
administered to complement the results from the YH&hd thus provide a more
comprehensive picture of learners’ levels of geoimeinderstanding. Therefore,
answers to this research question were soughtmgtfmom the results of learners’

performance in the VHGT, but also from the resutstheir performance in the

TPGT, CPGT and the GIST. While the VHGT enableddbtermination of the van

Hiele levels of the participating learners, the TRGPGT and the GIST, in addition
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to providing a context for comparing (or correlgdiriearners’ exhibited van Hiele
levels with their performance in other aspects afo®l geometry, also provided a
context for extending our insight into the extehparticipants’ knowledge of school

geometry.

The point made in the preceding paragraph is thatavide a specific answer to the
first research question would tend to limit and awgrish the very rich and robust
findings pertaining to the first research goal biststudy. Consequently, the
(summary of) findings from this study concerning tfirst research question, and
indeed the other two questions, are presentedmiptio terms of specific answers to

these questions, but also in terms of the broast®arch goals as described above.

The second question

This research question relates to the second ddhlsostudy. Hence, in conjunction
with the second research goal, answers were sdagltis question by making
various correlations and comparisons between faatiog learners’ van Hiele levels
(using their VHGT scores) and their performanceach of the SEM, TPGT, CPGT
and the GIST (see Chapter 8). These correlations walculated at three different
levels — at the entire study sample level (seeme8t2.1), at the participating schools
level (see sections 8.2.2 and 8.2.3) and at eaafedevel (see sections 8.2.4 through
8.2.6). In sections 8.3.1- 8.3.3, further compausswere made in order to determine
whether learners at adjacent van Hiele levels pad significantly differently from
each other in the SEM, TPGT, CPGT and GIST.

The third question
This research question relates to the third goahsf study, and answers to it are
contained in Chapter 9, where the results of thestbom video study are presented

and discussed.

10.3 Summary of findings

The findings of this study have been treated asgnail to the research process and

data narrative. Consequently, together with tlezdiure reviewed in Chapter 2, many

Page 315



of the findings were presented in the chaptersp 4,t which dealt with the data

analysis, results and discussion. A summary ofitftings of greatest significance to

this study is presented in this chapter, organimedccordance with the three main

goals of the study.

10.3.1 Summary of the findings relating to the firsresearch goal and its

associated research question

The summary of findings presented in this sectigraiticulated in terms of the

following:

The TPGT and learners’ performance;
The GIST and learners’ performance;
The CPGT and learners’ performance;

The VHGT and learners’ performance.

10.3.1.1 The TPGT and learners’ performance

The entire study sample

Learners in this study had inadequate knowleddeasic geometric terminology,
since they were only able to obtain an overall petage mean score of 44.17%
for the TPGT, despite the fact that the items twastituted this test were largely

of van Hiele level 1 nature.

There were positive correlations between partidigaability in verbal geometry
terminology tasks (see odd-numbered items of th&T)Pand their ability in
visual geometry terminology tasks (see even-nuntbétems of the TPGT).
However, these learners tended to have a betteerstathding of geometric
terminology presented through visual tasks than pimasented in verbal form,

obtaining higher mean scores in the former thahenatter (see section 4.3.1).

In this study, learners had a better knowledge hef geometric terminology
associated with the concept of lines and angles dfidhe terminology associated

with concepts of circles, triangles and quadrikater Consistent with Clements
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and Battista (1992), the terminological conceptaofight angle was the most
familiar to and therefore popular with learnerghis study, while perpendicular
lines and supplementary angles were among the peastiar (see sections 4.4.1—
4.4.3).

School differences

Learners from the SAS subsample performed sigmfigebetter than their NS
counterparts in the TPGT, since there was a statilst significant difference
between the mean score of the former (47.85%) aadoththe latter (40.49%) at

the 0.05 confidence level (see section 4.2.2).

Grade level differences in the mean scores of giddl@nd 12 learners on the
TPGT favoured learners from the SAS subsample arede wstatistically
significant. The difference in the mean scores 8f dfade 11 learners and SAS
grade 11 learners in favour of the former was natistically significant (see
sections 4.2.3 and 4.2.4).

Gender differences

For the entire study sample, the male learnersopadd significantly better than
the female learners in the TPGT (see section 4R.At each school level,
differential gender performances in the TPGT alseofired the male learners.
However, it was only in the NS subsample that tlteéerences were statistically

significant (see section 4.2.5.2 and 4.2.5.3).

In this study, SAS male and female learners obthlrigher mean scores for the
TPGT than their respective male and female peers the NS subsample. The
differences in the mean scores were, howeversstatly significant only for the

female learners (see sections 4.2.5.4 and 4.2.5.5).

10.3.1.2 The GIST and learners’ performance

The entire study sample

On the whole, learners’ performance in the GIST maar, since they were only

able to obtain an overall mean score of 40.12% Hertéest, despite the fact that
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learners who reason even entirely at van Hieleldeteand 2 should be able to
cope with it (see section 5.2). This suggests tdy a few of the learner-

participants were at van Hiele levels 1and 2 ohéig

In the identifying and naming shapes task (TasK the GIST), the majority of
the learners made use of imprecise visual qualisesh as shape orientation, to
describe the shapes (see section 5.3.1), consisttnBurger and Shaughnessy
(1986).

There was no learner in the sample group for tHf8TGhat used more than one
attribute of a shape in naming the shape. For elammht-angled isosceles
triangles were either named as “isosceles triangletight-angled triangle”, with
the majority of the learners showing preferencetiier former name. The task of
naming shapes was, in general, easier than thettthg the properties of shapes
for the majority of the learners, consistent witk hierarchical property of the van

Hiele levels.

School differences

Learners from the SAS subsample performed betténanGIST than their peers
from the NS subsample, since the former obtainetwan score of 43.44%, while
the latter had a mean score of 36.94% for this @ difference between these

means was, however, not statistically significaeg(section 5.2.1).

For each of the five tasks that constituted the TGISAS learners obtained

marginally higher mean scores than the NS lear(sees section 5.3.6).

Differential gender performance in the GIST favautee male learners, both for
the entire study sample and for each of the ppeitg schools. The differences
between the mean scores of the male and femaleelsawere, however, not

statistically significant (see sections 5.2.2.1-A3).

The male and female learners from the SAS subsaoipi@ined higher mean

scores for the GIST than their male and female p&®@m the NS subsample.
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However, the differences in the mean scores wetratatistically significant (see
sections 5.2.2.4 and 5.2.2.5).

10.3.1.3 The CPGT and learners’ performance

The entire study sample

The CPGT was grade-specific. Learners in theireesye grades had difficulty
with formulating conjectures and stating definisoof simple geometric shapes.
For the entire study sample, the grade 10, 11 @nbtkdrners were only able to
obtain mean scores of 17.39%, 22.47% and 36.47%gctgely (see section 6.2).
These low mean scores indicate that the majorittheflearners were at low van
Hiele levels, and hence not ready for the deductively of school geometry (a

finding consistent with Pegg, 1995).

On the whole, at each grade level, formulating ajexiure was much more
difficult for the majority of the learners than thather activities (defining,
constructing/drawing, measuring, comparing etcguied of them. Among the
few learners who managed to formulate conjectunesst could not do so in

formal technical terms.

School differences

Grade 10 and 12 learners from the SAS subsamp&nelot higher mean scores
(25.18% for grade 10 and 52.25% for grade 12) orCtRE€T than their respective
grade 10 and 12 counterparts from the NS subsamipiese mean scores were,
respectively, 9.59% and 20.68%. NS grade 11 leatmeasa marginally higher

mean score (24.65%) than their SAS peers (20.30%g. differences between
these means were statistically significant only tee grade 10 and 12 learners
(see sections 6.2.1 through 6.2.3).

Providing a definition of a rectangle, a square @andhombus was generally
difficult for the grade 10 learners, since no legrfrom the NS subsample was
able to define any of these shapes, and only héedrom the SAS subsample
was able to define a rectangle and a square, atikt learner, also from the SAS

subsample, was able to define a rhombus (see sd8al).
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Consistent with the findings of Siyepu (2005), &mme learners across all the
three grades, problems with measurement were evideheir responses to the
CPGT. In grade 10, for example, there were 3 learfrem the SAS subsample
who obtained angle sums of 170° (with angles 9@% &nhd 30°), 184° (with

angles 91°, 56° and 37°) and 140° (with angles 60°,and 30°) for the triangles
that they constructed (or drew) by themselves. @merre many other learners for
whom the unit of measurement for angles was thémetres. For example, one
of the learners from the NS subsample gave the utime angles of his triangle

as 15cm (5¢cm + 5¢cm + 5¢cm = 15¢cm).

It needs to be reiterated here that the TPGT, GISTCPGT, in addition to providing

the data for learners’ performance to be correlat@t their van Hiele levels, all

further complement the VHGT in providing a more @uehensive picture of

participants’ knowledge of school geometry (sedises 8.1 and 10.2.1).

10.3.1.4 The VHGT and learners’ performance

The entire study sample

An overall percentage mean score of 35.68% obtaimgdthe participating
learners in Part A of the VHGT was regarded asendd that the majority of the
learners in this study were at low van Hiele geoimehinking levels (possibly
levels 0, 1 or 2), consistent with Usiskin (1982).

For the entire study sample, learners’ mean sctoedart A of the VHGT
decreased progressively at each successive highediele level subtest between
levels 1-3 (see section 7.2.2.1). The mean scotbesie learners on van Hiele
level 4 subtest of the VHGT was, however, highemttheir mean score on the
van Hiele level 3 subtest. These results, in aaftito providing support for the
hierarchical property of the van Hiele levels, aisdicated that learners in this
study experienced more difficulty with geometry lgems typifying van Hiele
level 3 reasoning than with problems associateth Wie other levels, which is
again consistent with Usiskin (1982) and Burger Shdughnessy (1986).
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Of the 139 learners who wrote the VHGT, 136 (or 98¥hem were assignable
to van Hiele levels, while 3 (or 2%) of them did tfdt the forced van Hiele level
determination scheme. Of the total that wrote thss, 65 (or 47%), 31 (or 22%),
33 (or 24%), 3 (or 2%) and 4 (or 3%) were at van édlelels 0, 1, 2, 3 and 4,
respectively. Given the large number of learnets\al O and the near absence of
learners at levels 3 and 4, these results inditatiethe majority of the learners in
this study were not ready for the formal deducsualy of school geometry. This
is consistent with Usiskin (1982), Mayberry (1988) Siyepu (2005).

There was no item in Part A of the VHGT requirirasoning and arriving at a
conclusion that was correctly answered by over 40%elearners in each of the

subsamples.

For selected items in Part A of the VHGT, Usiski(l982) sample of American
high school students performed better than the BABers in the present study,

who in turn performed better than the NS learnges Gection 7.2.3.5).

Performance in Part B of the VHGT was generallyrpespecially by the grade
10 and 11 learners. Writing a complete proof ofreseme familiar theorems in
high school geometry was particularly difficult falarge majority of the learners
(see sections 7.3.1 through 7.3.3).

School differences

The mean score (39.37%) obtained by learners frarS¥hS subsample for Part
A of the VHGT was significantly higher than that dieir peers from NS
(31.85%) at the 0.005 confidence level (see segtigrl.2).

At each successive higher grade level, NS learabtained marginally higher
mean scores for Part A of the VHGT than learneraratadjacent lower grade
level. In SAS, however, the mean score of the griiéearners was marginally
higher than that of the grade 10 learners which iwasrn higher than that of the
grade 11 learners. That is, in SAS, the grade afthé&s demonstrated a better

knowledge of geometric ideas than their grade Etpgsee section 7.2.1.3).
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At each grade level, SAS learners obtained a higtean score for part A of the
VHGT than their respective peers from the NS sulpdanit was, however, only
in grade 10 that the difference between the meassstatistically significant (see
section 7.2.1.3).

For each van Hiele level subtest, learners from S subsample obtained

higher mean scores than their counterparts fronN®i¢see section 7.2.2.2).

For each grade level in each of the participaticigosls, learners obtained their
lowest mean score in the van Hiele level 3 subtéshe VHGT. This indicates
that the geometry problems that typify level 3 measg were generally difficult

for learners across all three grades in this s{adg section 7.2.2.3).

More learners from the NS subsample were at vateHggel 0 than learners from
the SAS subsample. At levels 1 and 2, there weualepercentages of learners
from the subsamples, but at levels 3 and 4, there wiore learners from the SAS
subsample. In short, of the 68 learners from theshNBsample who wrote the
VHGT, 36 (or 53%) were at level 0, while 15 (or 22%, (or 24%) and 1 (or
1%) were, respectively, at van Hiele levels 1, 2 anNo learner from this group
was at level 4. Of the 71 learners from the SASsaniple that wrote the VHGT,
29 (or 41%) were at level 0, while 16 (or 22%), 17 Z4%), 2 (or 3%) and 4 (or
6%) were at van Hiele levels 1, 2, 3 and 4, respelgti(see section 7.2.3.3).
These figures show that, in general, learners filterNS subsample had a poorer
knowledge of school geometry than their countegpfiadm SAS.

Although performance in Part B of the VHGT was gallg poor for learners
from both the NS and the SAS subsamples, learnesponses revealed that more
grade 10 learners from the SAS subsample weretaltiandle a triangle problem
in geometry that requires two lines of reasoningh® answer than their peers
from the NS. Proof writing in geometry proved peutarly difficult for the grade

10 and 11 learners in both subsamples, and fogthde 12 learners in the NS
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subsample, while some grade 12 learners from thé& S@ibsample were

successful in this task (see sections 7.3.1-7.3.3).

Gender differences

For the entire study sample, and for each of thiéggaating schools, differential
gender performance in Part A of the VHGT favoureel thale learners. However,
the differences between the male mean scores arfditiale mean scores both for
the whole study sample and at each participatihgaldevel were not statistically
significant (see sections 7.2.1.4-7.2.1.6), coestsith Usiskin (1982).

In this study, the male and female learners from $AS subsample obtained
higher mean scores for Part A of the VHGT thanrthespective male and female
peers from the NS subsample. The differences betteerespective sets of male
and female mean scores were statistically sigmifiqaee sections 7.2.1.7 and
7.2.1.8).

Learners’ scores for each of the other three {eststhe TPGT, GIST and CPGT), as

well as their SEM scores, were correlated withrteeores in the VHGT for possible

relationships. The results of these correlationsewwesented in Chapter 8, but are

summarized in the next section.

10.3.2 Summary of the findings relating to the secwl research goal and its

associated research question

Details of the findings concerning the second nefeajoal were presented and

discussed in Chapter 8. The major findings werdlfggted in section 8.4 of that

chapter. In this section, these findings are sunaedras follows:

For the entire study sample, learners’ VHGT scam@selate significantly with
their TPGT and CPGT scores at the 0.01 level. Maiicant correlations were,
however, found between learners’ VHGT scores atiteedf their SEM or GIST
scores. Given these results, the tentative comrlusached was that there is a
strong relationship between performance in geomedmytent tests (TPGT and

CPGT) and the van Hiele levels (see section 8.2.1).
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For each of the participating schools, learners’ GMH scores correlate
significantly with their SEM, TPGT and CPGT scon@ge sections 8.2.2 and
8.2.3), consistent with Usiskin (1982). This medhat for both subsamples,
learners who did well in the VHGT did just as wellthe school mathematics
examination (SEM) and geometry content tests (TP&W CPGT), and
conversely. For both subsamples, no significantetation was found between
learners’ VHGT scores and their scores for the G(Sde section 8.2.3 for a

possible reason).

For the entire study sample, grade level analybith@se correlations tends to
suggest that at each grade level, learners’ vale Hegels correlate strongly with
their performance in geometry content tests, but @® strongly with their

performance in school mathematics examinationsgseton 8.2.4).

At the participating schools level, significant pive correlations were found
only between the VHGT scores of grade 10 and 12Znéza from the SAS
subsample and their respective SEM, TPGT and CR®@ies. Similarly, it was
only in grade 11 that there existed a significanosifive correlation between
learners’ VHGT scores and their CPGT scores (seftoss 8.2.5 and 8.2.6).

For the entire study sample, fox 2, learners at van Hiele levelobtained higher
mean scores for the SEM, TPGT, CPGT and the GI&i kbarners at level-1
Learners at van Hiele level 3 consistently obtaif@der means on nearly all
these tests than learners at level 2. However, thiéhexception of the SEM,
learners who were at level 4 achieved higher meames in these tests than
learners who were at the lower van Hiele levels @ction 8.3.1). These results,
therefore, provided support for the hierarchicaperty of the van Hiele levels in

general and levels 0-2 in particular.
For the entire study sample, there occurred sicaniti differences between the

mean scores of learners at the different van Héslels only for the TPGT and the
CPGT. A Tukey HSD post-hoc tedgnhdicated that these differences were
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statistically significant only between learnersvah Hiele level 0 and learners at
van Hiele level 2, in favour of the latter for eaghthese two tests (see section
8.3.1).

* For each of the participating schools, fok 2, learners at van Hiele levelhad
higher mean scores in each of the four tests (exoephe GIST for the SAS
subsample) than their peers at lemell. As with the whole study sample, the
differences between the mean scores of learndfsealifferent van Hiele levels
were, however, significant only for the TPGT ane t8PGT in each of the
subsamples. ATukey HSD post-hocomparison of means showed that these
differences were statistically significant betwdearners at van Hiele level 0 and
learners at van Hiele level 2, in favour of thedgtfor the TPGT and the CPGT in
both subsamples. However, between learners at vele kevel 1 and level 2,
these differences were statistically significanttfte TPGT in the NS subsample

alone (see sections 8.3.2 and 8.3.3).

Having determined the van Hiele levels of the pgéting learners and the
relationships between these and the learners’ laedye of school geometry, the
study then examined, through the study of videatapessons, the classroom
instructional practices that may have contributedhe exhibited van Hiele levels of
the learners. In addition to attempting to eluadathat learning opportunities the
observed teaching methods offered learners in gegneassrooms, the classroom
video study also sought to interpret learners’ litbd levels of geometric

understanding in terms of their geometry classrawstructional experiences.

10.3.3 Summary of the findings relating to the thid research goal and its
associated research question

The findings concerning the third research goalewpresented and discussed in

Chapter 9, with the major findings foregroundedeation 9.5 of that chapter. In this

section, these findings are further summarizebmis.

* In terms of the van Hiele model of geometry indfiarg, observed geometry

instructional practices in NS and SAS classroorksridgogether offer the learners
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little opportunity to learn geometry, since obserteaching methods in many of

these classrooms deviated significantly from thezled (see section 9.3).

* In comparative terms, observed teaching methodsSA&S hold greater
opportunities for the learners to learn geometrgntiobserved instructional
methods in NS classrooms, since in the former, nobrihe videotaped lessons
conformed to the van Hiele model of geometry classr instruction than in the

latter (see section 9.3).

* Besides assessing the videotaped lessons accdalitige van Hiele model of
geometry instruction, the chapter offers a desoripdf certainmages of teaching
evident in the observed classrooms (see sectidnt &d 9.4.2). These images of
teaching included the following:

- Exchange of greetings;

Introducing the day’s lesson;

- Presenting the concept for the day;

- Lesson organization;

- Who does the (mathematical) work?

- Review of the day’s lesson;

- Assigning homework.

On the whole, results of the analysis of these @sayf teaching favoured the SAS
lessons in terms of the learning opportunities thay appeared to offer learners
in geometry classrooms (see section 9.5 for thensamn of these images of

teaching).

The findings presented in this section were founble consistent with those of Stigler
and Hiebert (1999) in that they provide a poss{bl& not the only) explanation why
learners from the SAS subsample performed relatietter than their counterparts

from the NS subsample all the testaused in this study.
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10.4 Significance of the study

This study is significant in a number of ways:

There are several benefits in knowing the educatipractices of others outside of
one’s own country (Cook, Hite & Epstein, 2004). eimational comparison of
educational systems, practices and pupils’ acadpariormances often point to areas
within one’s own system and practices that requimprovement (Fujita & Jones,
2002). This is one area in which my study is patédy significant. Nigeria has never
participated in any of the TIMSS studies, while tho#frican learners ranked among
the lowest achievers in mathematics in both ofthdSS 1995 and TIMSS — Repeat,
1999 studies (Howie, 2001). Hence, using the magiieal performance of the South
African school children as the referent, this stiglgignificant in that it provides a
benchmark for international comparison between rttaghematical performance of
Nigerian children and that of their peers from ott@untries. One significant result of
South African participation in TIMSS studies was thomment and debate that
followed in the wake of the poor mathematical parfances of its representatives,
with concomitant suggestions for improvement (Brawctier, 2001). This equally
applies to this study. There are several avenuesdimment, debate and suggestion
regarding the relative strengths and weaknessekeoNigerian and South African

child in school mathematics, given the resultshef study.

Although van Hiele (1986) argues that the levelshafught indeed permeate many
aspects of school mathematics other than geomtbieye appears to be a dearth of
empirical evidence in the literature explicitly King the levels with students’
mathematical knowledge in general (see Senk, 19B@)comparing learners’ van
Hiele levels with their general mathematical achment, this study has contributed
to closing this perceived gap in the existing &tere. The finding that for each of the
participating schools, learners’ van Hiele thoulgiviels correlate significantly with
their performance in school mathematics as a wisaenificant in that teachers may

wish to look for ways of raising their learnershviiele levels of geometric thinking.

Furthermore, one of the properties of the van Hib&ory as identified by Usiskin

(1982) is its wide applicability (see section 2)8.Bespite this wide applicability,
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only a few studies have utilized the van Hiele niddeexplain students’ geometric
thinking levels in an African context. As far asduld ascertain, this study is the first
to apply the van Hiele model in Nigeria, and oneoly a few in the South African
context (e.g. De Villiers, 1994; 1998; van der Sa&dNieuwoudt, 2003; Feza &
Webb, 2005; Siyepu, 2005). In general, there appeambe a dearth of published
research in the literature concerning the use @fviin Hiele theory on instruction to
explicate geometry classroom instructional prastisee Hoffer, 1983). This seeming
absence makes this study a worthwhile endeavouticpliarly in the Nigerian and

South African contexts.

Traditionally, many past publications (e.g. Usiskit®82; Burger & Shaughnessy,
1986) have communicated the work of the van Higlemarily in terms of the
thought levels, with only a few (e.g. Fuys et aplaining the van Hiele theory in
terms of the learning phases (Hoffer, 1983). Therktle evidence in the literature
that both aspects of the van Hiele theory (i.e. tthmught levels and the learning
phases) have been investigated in a single stugpeceally in an African context.
This study owes its significant and unique attrlsutto being the first, as far as | have
been able to ascertain, that attempts to link Eyafnexhibited van Hiele thought
levels to their geometry instructional experienoeshe Nigerian and South African

contexts.

Lastly, this study is significant since it repretsems far as | know, the first scholastic
attempt simultaneously to compare high school kE@mmathematical performance,
and instructional methods in geometry classroomNigeria and South Africa using
the van Hiele theory. It is of great value, if fus other reason, because it furnishes a

baseline of comparison for subsequent studies.

On a final note, other significant areas of streagif this study relate to its design

and include the following:

* The use of a multidimensional approach to the datiection (tests, hands-on
manipulatives, interviews and videotapes) yieldedddnds in terms of ensuring
richness and triangulation (see Denzin, 1988; Cdadteal., 2000). The classroom
videos proved especially effective in studying teag methods in geometry

classrooms (see Stoker, 2003).
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* The involvement of a consultative panel of indemardobservers and critical
readers (see sections 3.4.2.2 and 9.1) paid didglenterms of ensuring quality
and credibility (Schafer, 2003).

* The involvement of learners and their teachers famross all three grades of
secondary education provided a holistic and congnsire picture of the
teaching-learning processes at that level. Thisntpaiddressed one of the
limitations that Siyepu (2005) identified in hisidy.

10.5 Limitations of the study

It is acknowledged that many of the findings oftktudy are limited and tentative in
terms of their generalizability and wider appliocati given the relatively small sample
that was involved. This research constituted a sasgy which, although providing
insight into a particular situation, typically camovide only a frame of reference for

other similar situations (see Schafer, 2003).

One shortcoming of this study concerned the nunatbeschools involved in either

country. The involvement of only one school eachNigeria and South Africa

particularly limited the scope of the video studymponent of this study with regard
to the findings, even though it was not the objectof the study to generalize.
Although the limitation was partly compensated ligr videotaping three geometry
lessons in each of the participating schools (i 3.3.4.3), a much broader
picture of geometry classroom instructional pragiin these countries would have
emerged had the study videotaped the lessons fwara schools in either country. |
did, however, receive endorsement for my samplectieh from Stigler and Hiebert

(1999), as argued in section 3.3.4.3.

One of the strengths of this study stated in tleegualing section is that it made use of
a multidimensional approach to the data collectiomn attempt to ensure richness
and triangulation. This approach could, howevesp atount as a limitation. With
hindsight, | believe that the testing instrumenésewather too numerous. The interest
of a number of the students declined after theythkdn part in two or more of the

tests during the fieldwork. |1 had constantly to chahlks with them in order to
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encourage and motivate them to sustain their isteteis possible that this class of
students failed to give their ‘best’ in subsequist-taking activities, and this may

have affected the results in one way or the other.

Inherent in a multidimensional approach to datahgimg are the problems of
analyzing data collected from a wide variety ofrees (Schafer, 2003). Hamel et al.
(as cited in Schafer, 2003) acknowledge that thength of a case study lies in its
wealth of empirical material. Case studies are dbasea rich collection of empirical
data, and this particularly resonated with my studigmel et al. (as cited in Schéfer,
2003), however, caution that this can sometimegrbélematic, particularly, in the
analysis of diverse data. | was indeed challengethé difficulties of analyzing and
presenting the almost overwhelming variety of dadllected from different sources
in this study. Nevertheless, | have attempted teravme the potential difficulties
inherent in the handling of data of different ongiby incorporating the numerous
diverse findings into a single narrative (see Sehaf003). In this way, by
interrelating the diverse findings of the studyhave managed to create a sense of

cohesion.

Furthermore, the use static manipulative concept cards for the GIST (see sBcti
3.3.4.1.2) may be viewed as a limitation of thisdgt De Villiers (1994; 1998) has
raised concern about the use of static manipultiveth for classroom teaching and
for research regarding student learning of scheohtetry. He argues that the use of
dynamic software such as the Geometer Sketchpadhkagotential to elicit richer
responses from learners than static manipulativeeqat cards of geometric shapes,
which tend to limit their thinking about these skapln addition to receiving much
encouragement from Mayberry (1983), Burger and §haessy (1986), Feza and
Webb (2005) and, of course, van Hiele (1999) hifrisalising these manipulatives, |
also incorporated interviews into the GIST in mieatpt to respond to De Villiers’

empirically informed reservations (see section43132).
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10.6 Areas for future research

As stated earlier, this study is novel in being fin&t to compare both Nigerian and
South African high school learners’ van Hiele getmoethinking levels and

geometry instructional practices in these countusing the van Hiele theory as the
lens for research. Given the study’s originalitydathe absence of precedent, its
findings can, at best, only be regarded as temtatiience, further research may be
needed to add credibility to the results of thisative, even though “no study can be
replicated exactly, regardless of the methods axigd employed” because of the

changing nature of human behaviour (Schéafer, 2003).

The classroom video study component of this stedynie of only a few, particularly
in an African context, to have attempted to analysemetry classroom instructional
processes using the van Hiele phases of learniligodgh the framework (checklist
of the van Hiele phase descriptors) used for amayshe videotaped lessons
underwent rigorous processes of validation (se@osec3.4.2.2, 9.2 and 9.3), it still
cannot be assumed that it is ‘excellent’ in therfahat it was used, particularly as it
was neither adopted nor adapted from an existimgéwork. More research may be
needed to further investigate teaching methodshén Nigerian and South African
contexts using the van Hiele learning phases, $o efine and improve the checklist

of van Hiele phase descriptors developed in thidyst

Given the dearth of research into the van Hielenggtdc thought levels of the
Nigerian child, and the fact that this study invedvonly a small sample of schools,
further research into the van Hiele levels thald@¢@apture a much broader spectrum

of the Nigerian educational landscape may be wdrilew

10.7 Implications and tentative recommendations

The implications and tentative recommendationsltiegufrom this study include the

following:

» Geometric terminology comprises the set of lingaisymbols for communicating
geometric ideas both inside and outside of thesotesn. Van Hiele (1986), for
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example, stresses the point that when a childdesaéd how to recognise a figure
through direct contact with the figure, the chilibald develop the appropriate
technical term or language with which to commuredaits ideas about the figure
to others. Learners’ generally poor performancethie@ test of knowledge of
geometric terminology in this study holds importamiplications for geometry
classroom teaching and learning. Although a higbkitp@ correlation existed
between learners’ scores for the verbally presetdaskis and visually presented
tasks of the TPGT, a higher mean score was obtdorethe latter than for the
former (see section 4.3.1). As important it ise¢adh the terminology associated
with a given content area in geometry, it is equatdiportant for teachers in their
instructional design and delivery to ensure thégaaner who can give a correct
verbal description of a geometric concept also thes correct concept image

associated with that concept, and vice versa.

Many learners in this study were able to recogslsgpes only in some standard
orientations (see section 5.3.1). The implicatienehis that these learners do not
understand that simple geometric shapes like t#sngnd quadrilaterals are
defined by their properties and not by their orioins in space. Teachers need to
provide learners with activities for exploring tpeoperties of simple geometric
shapes in different orientations. During thesevéas, the invariant properties of
the shapes should be emphasized.

As revealed in this study, stating definitions lb&ges and formulating conjectures
about the relationships between shapes and thepepies were particularly

difficult for a large majority of the learners (seections 6.3.1 through 6.3.3). Van
Hiele (1986) is strongly critical of an instructedrapproach in which the teacher
requests learners to state definitions of geometdncepts before they have
become acquainted with the concepts. In his viewjve a definition of a concept
is only feasible if one knows to some extent thaeghhat is to be defined. The
implication of this is that learners need prelinmnaxplorations of the properties
of a geometric shape before they can attempt toevaidefinition of it, and

teachers need to be alert to this empirical facithVeppropriate instructional

guidance from the teacher, students can be assistddrmulate their own

Page 332



definitions of various shapes using materials armtgdures similar to those of
worksheet 1 (see Appendix 5.A.1, p.51) used in shigly (see also de Villiers,
1998).

The findings from the classroom video study indic#tat only a few of the

participating teachers explored their learnersompkinowledge, and of those that
did, fewer still attempted to relate learners’ pkoowledge to the present topic.
Ausubel (1968) and van Hiele (1986; 1999) are uivegally critical of a

teaching approach that neglects learners’ prioimkadge. In this regard, teachers
need critically to reappraise their classroom ingional processes and look for
ways to improve their practices. Regarding improgetnteachers may find the
checklist criteria of the van Hiele phase descript¢see section 2.8.4.1) a

dependable companion.

The findings that learners’ van Hiele levels catel significantly with their
mathematical performance in general and with tHeipbwledge of school
geometry, specifically, have important teaching liogtions for teachers’ daily
classroom practices. As stated earlier in sectid®2, van Hiele (1986) believes
that students’ difficulty with school mathematicengrally and geometry in
particular is caused largely by teachers’ failuce deliver instruction that is
appropriate to their thinking levels. For teachtrsbe aware of the levels of
thinking that characterize each of the van Hielkele may help to reduce the
mismatch between their teaching methods and lesiroegnitive thinking levels.
In particular, teachers’ familiarity with the ingttional cycle of the van Hiele
learning phases (see section 2.8.2) should rendee effective their efforts to

assist learners make progress with their learning.

10.8 A final word of personal reflection

When | undertook this study in July, 2005, it waéirat little more than a concession

to my never-ending desire for higher academic aeimeent. No sooner had | started,

however, than | realised that for a project suckh&s aiming to produce worthwhile

and useful research, the desire for personal adaderhievement alone cannot be the
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propelling force. Indeed, the recognition by thetipgpating school principals that my
study has the potential to address a major prolaetheir schools — learners’ poor
mathematical performance — and the request thatmenary of the findings be made
available to them in order to assist them to imprtivestatus quo(see Chapter 3),

was for me inspiring.

Being thus strongly motivated, | was little awahattl had undertaken a project that
was going to challenge and completely dominatentina three years of my life. In

effect, my experience during these last three ybassbeen quite remarkable. There
have been moments of “self-doubt, loss of confidemxhaustion, anxiety” and even
frustration (Schéfer, 2003, p.308) in the coursét all. But today, as | wind up the

study, all of that has given way to feelings ofigimlenment, growth, satisfaction and
accomplishment. Ely et al. (as cited in Schafe3(®.308) have observed that “the
processes of qualitative research also become gges®f professional development”.
This clearly resonates with my own experience ia thudy. My attempt to research
learners’ levels of geometric conceptualization &malchers’ instructional methods
using the van Hiele model has, indeed, opened up perspectives for my

professional development. In retrospect, | am todagsiderably pleased that on
account of my exposition of the van Hiele modelwnorkshops, | received many

teaching invitations from schools within the comnityinvhere | conducted my

research in South Africa. The highlight was wher grincipal and mathematics
teacher in one of the schools where | piloted tteriuments for my study reported
that his learners had begun to evince better maitieah insight as a result of the

instruction which he had fashioned after the vaglédmodel.

The PhD project may have been concluded, but fothmsemarks a new beginning in
my professional growth. | believe that this stuaes contribute significantly to the
knowledge base within my field. Therefore, | wilbbrdinue to research into, write
about, and refine my contribution (Schafer, 2008)ards the van Hiele theory and its
classroom instructional relevance, in order to keegontributing to an extensive and

invaluable knowledge base.
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