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ABSTRACT 

This study 12 students understand 

problems. A literature on "how stwlents 

geometric 

understand geometry" 

is used to develop a COlICe1PWal framework for discussion. 

assess students' level of understanding and to analyse 

geometric problems. 

...... ... ' ... 'n'rv is used to 

difficulties in solving 

The study was conducted at four low achieving schools mathematics (based on 

student In South African Examination). It involved 

267 students across the schools. The was assessed 

through the use These tests were ae~ilgIlea to cover 80% of the 11 

syllabus and the testing ofa terminology framework (test 1) and problem 

solving "'V~''''''''''''''''' (test 2). Test 1 included 10 students were asked to 

complete stal:em.ents, as well as 9 items where ....... , ... u.:J were asked to write down 

items of true or false responses. sketches. Test 2 

An In-(leDlm analysis of 21 students, who 

provided insight into how students 

activity. students were interviewed 

test 2. 

vuu."',",u a score of more 70% 

engage in problem ", .. n.' uu::. 

questioned in connection with 

of students do not nos:sess a 

1''It'''"l'1T1,nthat they are unable to "' ... l".,<+F. ... 

study suggest that the 

consequently 

lJ.vv .... JL.U solving, However, the fact 

trruDe'NOY'J( did not necessarily mean a 

"'~ ... ' ..... dJ'~ D4[)SS(~SSf:a a 

performance in problem 

;;1 

1, 
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.... u·I.UUj:;;,,, suggest that students' lacked a strategy for applying their were 

.I."''''lU1.''1:'; for 'prototypes' • as presel1lted 

I.IL","U,",U1.'" where the orientation 

teacher and were .......... 'u ... '" to engage with 

diagrams was 

The overall findings of the study eve,an:;u at least 75% of the StUael1lts had low 

levels understanding geometry. There will be very little Jl11tlrmferrlent geometry 

perionnarlce, unless teaching Dnlcnces change and teachers take 

students potential value 

research use geometry classrooms discussed. 
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CHAPTER! 

INTRODUCTION 

Background 

"Sir, I geometry" 

were words so commonly PV1"1rp"Hl by grade 1 0 students virtually 

throughout my 19 years of teaching senior mathematics. This expression, I believe, is 

common to a vast number of hate for geometry 

manifested itself in many different including, absolute disinterest in geometry, 

avoiding problem-solving in geometry tests 

examinations. a sub-examiner ten years and examiner for 3 in the Senior 

Certificate Examination, I witnessed the poor performance of students in the 

South school-leaving matriculation examination. It 

was to see errors students were guilty of Simply reading through 

examiner's reports at the end of each year provided insight into this problem. 

Was above to poor teaching? Was it to the way students learned or 

understood ge~Dm.etry Was it a combination of the two? I that majority 

of students came a traditional mode of teaching. were 

undoubtedly passive learners and were not encouraged to en~~ag;e in a 'hands-on' 

approach. 

Theorem 1, 

teacher, according to my students, would simply on the board: 

down statement, draw sketch, write down what was 

was required to prove and add any construction lines. This presentation was 

common all textbooks should I rather reluctantly, most, since aU text 

1 
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books we used at "' ...... VVt had same approach). After the third or fourth 

was completed 

expected to apply 

students who had already SWltclle<ll-oltt. were 

thpf'l1"I"tnC! to an exercise. 

My response to was to allow students to explore and 

the use of tracing or cutting out angles. This had the ""'""11""'" in that 

students suddenly ecame more interested and more involved in 

and gec)m4e:trv This hands-on approach really v.""" .... ..., ... 

geometry ...... "'U7 .. " ........... "','1-' ... '" their enthusiasm, knowledge of theorems and 

results in the students still battled with some 

activities. 

development (I 

"JV,"-"'''' at issues of strategies for problem 

different tenmtrlOl()gy 

for 

development) and em~cts of prototypes. I say unscientifically, simply u'O\..aU~j'O I would 

think of and react or respond accordingly, purely on 

feeling" and not on 

geometry, especially 

matriculation 

think, 

see:me:ato 

or examination. 

statistics. This kindled a desire to do some 

geometry, because of the value att;acrlea 

I always asked myself the question, how do students 

geometry? Sometimes they responded so """'TI""'" and 

that I was taken aback by their in a test 

I left the ~", .... ,,,u ... t15 

head and ""nt·",,1"I'·" 

V ... ,-,.,,,,,,,1 with most of the above Ul'-'UjJ<,ll~" mmy 

a new domain by working predominantly 

project work. Immediately, I discovered ~hat the teachers I worked with had enonmous 

2 
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problems with the teaching and learning of geometry. This reaUy ignited my interest 

to go further than just think about doing some formal research in geometry. 

1.2. Intention 

The difficulties that the teachers and students experienced in my project work, based 

on improving matriculation results, was the injection that I needed to explore how 

students learn and understand geometry. It is my intention in this study to investigate 

possible underlying causes or reasons why some students actually hate geometry, 

which in my experience as a mathematics teacher is fairly common to many students 

in different contexts. I have already mentioned that students generally perform poorly 

in the geometry section of the matriculation syllabus and at some schools geometry is 

either totally neglected or in some cases not taught at all. 

I was involved in a Secondary Schools Partnership Project located in the Schools 

Development Unit at the University of Cape Town. This was an I8-month pilot study 

(from July 1998 to the end of 1999) with its aim to develop a model for improving 

matriculation results at four low-achieving schools in mathematics and physical 

science. I have included the mathematics pass rates for the four schools to provide 

some baseline information regarding performances of grade 12 students for the period 

1996 to 1999. Table 1.1 below provides information regarding the number of students 

and the pass rates per school for mathematics standard grade. The number of students 

taking mathematics on the higher-grade is minimal. Only 33 students wrote the 

higher-grade mathematics examination for this period across the four schools with 

limited success. Students were not encouraged to do mathematics on the higher-grade. 

3 
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TABLE Number of students and pass rates school for 1996 - 1999 

The schools were basically included the Partnership Project because of the poor 

rates in and 1997. above rates reflect overall results 

and paper 2 mathematics and includes paper 1 (Algebra, Calculus and 

(Euclidean Geometry, Analytical reome:uv and Trigonometry) 

I 

teaching 

for 

included the following statistics to emphasise my concern the 

learning below 1.2) the average 

ueSUOllS 6 and 7 (the two geometry questions) in grade 12 September 

1999 examination at the schools were included in this study. four 

schools wrote a common examination paper for their (or mock) examination. 

TABLE Average Marks per question in geometry examination 

school s Average mark 

for question 6. 

Average Mark 

for question 

Total mark (25) Total .mark (25) 

5 

o 

4 

total (50) number of 

students 

3,9 28 

5,1 55 
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Question 6 included the previous year's grade 11 which involved the 

following subtended of a tangents and cyclic quadrilaterals 

(sections form core investigation). One formal proof was included for 

7 marks and two problem-solving activities for 18 marks. The average mark for 

question across the four schools was 4.8 or 19%. This raised alarm me 

and I wanted to to find reasons for these poor 

V"'''''''''VU 7 included grade geometry, namely, proportional 1'1"1"' ......... "' ....... 

similarity (sections not included in this investigation). One formal proof was included 

for 7 marks and two problem-solving activities 18 H'a""-",, 

It must noted that the geometry component counts approximately 34% for standard 

and 3 for higher grade in matriculation examination paper The 

11 geometry plays an important scaffolding role in problem solving activities for 

grade For reason I decided that the focus ofthis investigation would be based 

on 11 lZeC)m<::LfV specifically it would be on the mentioned 

ote'noe:o ..... "".,_" in a cyclic quadrilaterals and .... .,'6""' .. "'. 

CONTEXT 

I found the following statement by Clements and Battista very useful in terms 

difficulties geometry the United It made me that it is not only a 

problem South and Battista that: 

According to extensive evaluations of mathematics leanlllilg 

elelnentary and middle school students in the United States are 

5 
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failing basic geometric concepts and geOltnetl1.C problem solving; 

are woefully underprepared for the of more 

sophisticated geometric coDlceplts and proof. 

are similar in South of students being woefully underprepared or 

in some cases wholly unprepared. This could be ascribed to a number factors that 

include following: overcrowded classrooms, a shortage of qualified ~ ...... , ...... , .... 

environment of the majority of our students, inadequate ,.""'un,,,,,,,, gangsterism 

or pressure, disruption school student motivation and a lack of teaching 

materials. factors, ...... ,""' ... "' ... others, contribute toward low levels of attainment in 

mathematics generally and geometry particularly. fact that South African pupils 

were "worst in science" Argus, 7 2000) "dunces 

of Africa" (Sunday Times, 16 July 2000) v ... ' ....... ", to some "''''~'''u., this study into 

context. Some tea,cners have rated ,ge<)m€:ltry as the most difficult mathematical topic 

to teach 

question: 

difficult for 'nu."' .... "U<> to learn. attempt to answer the following 

Why is it that so many students struggle to learn geometry? 

lies at the heart of this 

A ny ...... '.... of reasons been cited the low n."''' .. ~''''''.'lT In gec)me:try one of 

which to the teaching of geometry. Instruction is " ...... "' ... to have an impact on 

students' learning, consequently to try to enhance conceptual understanding or 

improving achievement in geometry, we need to improve instructional practices. It 

has been 

instructional 

that an enhancement content knowledge will 

(Swafford, & Thornton, 1997). 

6 
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Some 

rote 

by students. 

students reC:Q{llnt 

simple 

compass 

claim that much concepts has been 

J...IQ,"U"",Q.., 1992). Mayberry (1983) ....... ...,...,.., .... ~ .... that some properties, 

and implications are or understood 

South African geometry curriculum is based on 

and naming geometric proper symbolism 

developing skill with construction tools such as a 

(in some cases these are not even used) and using 

It seems like a 'hodgepodge' COllceots and could be the main 

1989). reason an geometry curriculum 

Porter 11) also highlights, what 

phenomenon that some teachers spent "virtually no 

been mentioned, an ,nt,o.r""ot,."cr 

teaching geometry" 

geometry was merely taught for 'exposure'. I encountered similar experiences 

with who avoid teaching geometry. Students are only taught algebra, 

of time to 

co-ordinate geometry. 

geometry much 

rated the opportunity (in terms 

the opportunity to learn any 

traditional emphasis 1-1 .... ',,"' ... on formal proof, despite the 

inability or lack of readiness of students to proofs (Clements 

...... "',~~l.'~"', 1 Apart from the fact some are unqualified 

difficulty teaching geometry, they are unaware of the difficulties that "'~"' ..... u~" 

I was "n"'I',?',I'!ll interested a r",,,,,,,,..'1' 

i>VIYU'JUi> that would assist the ~"'''',VU''''I'> 

research in geometry 

area that would in some way provide 

geC,mE:trv or provide a 

7 
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Rationale and Title 

focus of this study is on students and how they understand and solve Ile()m'eln 

problems. It was difficult for me to ease the tension between skills-development 

conceptual development. Should spend more or less time on conceptual 

development? How do we then assess COIlceotual development? Is it the ability to 

articulate a concept? Is it the ability to the concept in a problem-solving 

Does mere reflect a 

must noted that the matriculation examination requires that students have a 

understanding of theorems and that they in abstract thought. It is expected that 

know their definitions and are required to write down 

are many teachers who believe that once these definitions and theorems are 

well known, then their students will do well in solving activities. It was 

these thoughts that prompted the use following scheme as a model 

1.3) this investigation. 

8 
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TABLE 1.3: Rationale 

A 

COMPLETE 
STATEMENTS 

above the 

crucial areas the understanding 

table 1.3 above is based on what 

the following: 

• Block re1Jres~mts the ability 

theorems in words, by completing 

B 
c 

APPLICATION 
---..... 1 (pROBLEM 

ACTIVITlES) 

this investigation, which involves 

12 students are ext)ec1ted to do and highlights 

statements. 

• Block B .. "'1" ... "'""" ..... '.,, the ability of students to visualise the definitions or 

from a 

• A and combined provides a ,,&>'"' ...... "'"<'"11''' register students 

geometrical register I refer to a definitional or axiomatic framework. This 

contains terminology needed to solve problems. register is assembled in 

two through rote (memorisation) or understanding or a mixture of 

both. 

• Block C r""."r"""""1'I1tc the ability students to apply geometrical register to 

problem activities. 

9 
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The aim of this was to ,",LM"U"'U'" and focus on the following assumption: 

.. If A and B are not 

students will 

.. If A and B are in 

two nl''''''''''' 

1. 

(or ifthe geometric register is non-existent), then 

they will have difficulty in problem-solving 

(or the geometric register exists), then there exist at 

form the core of this investigation. 

should perform well in 

may struggle with C, v ..... '(:1, ........ the ommta;tlol 

SKt~tclles are different to those that occur in It is at point 

the impact of prototypes cause or 

attributing factor of a low-achievement 

to sketches that are used to introduce a Tn",,.,. .. ,,,....,. 

visual impression (i.e. a particular orientation) 

theorem that students use as the only indicator 

application of the theorem. 

Aim(s) 

m"",u,.,.,cv plres~mtt:C1 in table 1.3 aim(s) can formulated 

in the way: 

1. To look at performances in geometry tests and to "cr'''''"<>;''' 

"~U'U"'Jl1~" have a basic knowledge of circle geometry. is an assessment 

"'1".1"''''1 and will provide an answer to the auc~stlon: Do " .... """,, •• have 

statements the to complete statements in words and to 

through sketches? 

10 
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focus of this study is to InVesligale how grade 12 students learn 

I have used the title for this study: 

UNDERSTAND 

1.6. Outline of Contents 

HOW GRADE 12 

SOLVE GEOMETRIC 

understand 

1 provides the background to study. I use my experience as a 

m(1ltnc~m;atu;s teacher, examiner 

• ..., ... ,..., ... , .. '" of geometry. The 

to convey 

to the difficulties 

around 

in teaching mathematics, and geometry SOeCIIl It includes 

and aims "", ... "",..'." of mathematics South African context. 

are to introduce the title 

'-'U''''IJL'''' 2 provides an in the teaching 

around reasons for the geometric 

of prototypical • ..., ..... "uu..'" is highlighted. The ch,lptE~r 

11 

Issues 

are noted. 
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development of geometric thinking by referring to 

others. 

Chapter 3 the research and defines 

provides a ... ...., ... u~, ... procedure addressing the 

techniques and process. 

Chapter 4 n1"("","I""1;1 an analysis tests and 

and Inhelder, the van Hieles 

aims and of the study. It 

and explains the data collection 

A detailed analysis of 

test 1 and test 2 is given. There is a discussion on impact of a o:""r,rn"'tr1('~ 

or lack thereof, in problem solving. Striking arising out interviews 

provide how about problems and difficulties that 

they experience. 

'L/UUUL' .... 5 concludes with a summary of results stemming from the research. It then 

provides recommendations from the recommendations for future 

research. 

12 
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2 

LITERA TURE REVIEW 

2.1. Introduction 

This chapter provides an overall perspective of the teaching and learning of geometry. 

literature chosen helps to address issues which will inform this study and 

contexualise the relevance of this study. A special emphasis is placed on the 

geometric the of prototypes and development 

thinking. 

2.2. Why a Geometric Register? 

In school subjects, but especially mathematics, there is a dire for teachers as 

well as to see connections in of life. emerges 

context and Without context, nothing makes sense. From a 

U~LU"'Lill.J ""1><"""'''''''Tn,'I>< the full text is achieved only by 

understanding context (Atweh et ai, 1998). 

Mathematics teaching poses many challenges for students and teachers. Mathematics 

education attempts to understand how mathematics is taught and learned 

To achieve this the should pay attention to 

" .. ,,"' .... include the two ingredients mathematics, people and 

communication (Durkin, 1989). The oflanguage is crucial to the development of 

mathematics education, as noted by, "mathematics education V"'l",A .. ., and proceeds in 

13 
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language, it advances and stumbles because of lal"1'\l.1a1'\''-', and its outcomes are often 

(Durkin, 

An important function of 'au"" .... ' .. ""'" is to transmit A major problem in the use 

of language mathematics education is that meanings conveyed are sometimes very 

complex and words we use to have meanmgs a problem in 

our multilingual classes). are many mathematical words that multiple 

meanings and research has provided evidence that students have difficulty interpreting 

the words as intend It is possible to list ambiguous 

words used mathematical text. This raises an important "I ... ,,,,auvu. Should 

mathematics taught in 'mother tongue' lCU'lSU'a.lS~';:' This is an on debate 

other ....., ....... F>, ...... F> speakers, especially at 

secondary receive mathematics instruction 

Confusion as a differing linguistic interpretations is also 

highlighted Pimm (1987), teachers use a mathematical and ;nu:u",lU;:' 

use non-mathematical meanings in a mathematical context. In way we have a 

which Halliday (1975, 65).describes as: 

A set memungs that is ~nt'l,rnr.n to a "'<U'~"'L"<U :function of 

language, togethl~r with the words and structures which express 

these meanings. We can refur to a 'mathematics , in the 

sense of the ll1v,CUWllJ;;'" that belong to the language of mathematics 

(the mathematical use of naturallanll;uag:e, that is: not mathematics 

itself), ... We should not think of a mathematical register as 

consisting 

as 

of terminology, or ofthe development of a 

a process new words. 

14 
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A "UI..'''..,L of the mathematical .,.."'OrH!T,""" is the geometrical 

therefore use of technical 

This 'geometrical' 

certain mathematical 

modes of arguing, of new terms, use specialist as 

as visualisation of objects. 

register is to more precisely relation between 

........ 1"'1 .. ""'"'''''' (geometry in particular) and English, to with the 

of particular words and and initiate ways of talking, but especially 

providing ways of meaning (pimm, 1987). The provides mechanisms or 

to create meaning, that ways in which teachers 

tralnsnuttmg this 

by teachers and students 1987). I see this 

seriously the function 

of the existence of the 

bridge to 

understanding especially multilingual classrooms. 

of this register can occur in a number of 

t'h"1"",nt ways. In area which of van 

level 3, students develop reasoning ability, as well as the ability to 

understand formal definitions (de Villiers, 1987, De Villiers (1994) 

to the usefulness in negotiation of linguistic meaning and 

......... u ..... v ...... meaning classification as depicted by the van 

model. He also found that students 

the students did not find it necessary to do so. could be a consequence 

traditional approach to geometry teaching (de Villiers, 1994). This 

traOltllOnal approach emphasis on skills """""'''',rlT development 

hardly any on cOtlCeptual development ( Liebov, 1997). 

15 
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involvement of "' ......... "", .. '" in the learning ...... ,....".""" cannot be under-

To increase "understanding of geometric definitions and the 

1'r.'~1''''''''''''C! to which teachers should students in the 

concepts" pg2). De 

Villiers (1998) w_,..,,..,_~ that teachers have difficulty coping with "' ........ "' ... 

or ideas in providing their own definitions, hence they avoid 

....... v .. "" with students. De (1990) distinguished 

ne1:wf~en the different IUI1ICU~[)ns of proof, r.Ul .. ~n students to 

their own conclusions conjectures. This <>""1"I ... r.<> to the 

of proof. 

Within this geometric misconceptions can easily occur. 

and Bennet (1995) the misconception h""rl1.lP,,'n n,n.nXJ·,nu 

construction when Geometer's sketchpad. They admitted that 

"' ... , ........... '" needed a to appreciate 

usmg 

importance of dynamic­

nn .. rv:u· ... they claimed that 

understanding ofgec)m«::uv concepts (1997) 

use of computer as an alternative approach to teaching """' ........... . 

Qing found that struggled with pencil, ruler and compass 

were a perfect equilateral 

triangle. Students ....... '.,u\,'u to become most of the and 

this familiarity was achieved by using computer software 

16 
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2.3. prototyp~ 

Presmeg (1992) refers to a nrntnh1n.,. as a mental representation. u .. ,."1-,."t",,,,,,,,,,, also 

or abound in the thinking all children and these prototypes may 

constructed correctly) or unhelpfuL Presmeg found that students 

image of right angled 

conform to their own 

also found in the 

This also sut>Dc,ns 

developed 

and that students tended to 

of a right angled triangle. These prototypic au'",,,,-,,,,, are 

thinking of children at an early 

of Clements et al (1992) 

descriptions. 

of:"\~nl\J\l!'llr7 and Hershkowitz (1999) 

teaching of geometry, 

pre-school children 

a.u,alll'''' insight 

concept of function and learning ge()mletrl concepts. 

The research 

that could easily 

between learning 

suggest that in 

learning than 

COflCel)t learning' there are some examples are more central to 

are cailed prototypes, found to be 

judgement. If a verbal definition was ..... ",,,,,,, ... ,1-,,,1"1 for a 

any example, students as well as produced the 

same 

The and Hershkowitz (1983) are to investigation and 

could rlT""f1r ... a reason for poor performance in ~e()mf~trv They found that very 

........ ",.,. ... 1- images only include the indicates that ",rr.l-",t'"",.",,, 

are "''''''''''1-'1''''' of the concept that are constructed provides a reason why 

to identify a concept with one or a prototypical examples and why 
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the concept image often develops from one unique prototypical example"(Schwarz 

and Hershkowitz, 1 364). prototypes lead to 'prototypical judgement' 

and serve as a of reference so that problems are judged by referring to the 

prototype. 

Schwarz and Hershkowitz (1999) two forms of prototypical judgement: 

(a) visual - refers to the shape prototype which serves as for judgement. 

It is this kind of judgement, I that leads to ER (Extreme Rubbish) 

responses and causes the downfall many "'~ ...... '"'.u"'. 

(b) self-attributes of the prototype . 

Concept learning is governed by prototypes, which can be ""'""',","",,",uu or detrimental 

depending on how are used as a frame to solve A typical 

example to represent the would be the teaching of circle geometry. The 

theorem that states 'The size ofthe which an arc of a circle subtends at the 

centre, is the of an it at any on the IS 

problematic because of the prototype example This is highlighted in 

findings of this and in table 2.1 below. 

TABLE 2.1: Prototypes 

NEGLECTED PROTOTYPES THAT CAUSE ERRORS 
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In table 1, a particular prototype image is given (an image that textbooks and 

teachers to use to introduce that theorem). other two images in table 2.1 are 

neglected prototypes that are not used to introduce that theorem. 

neglected H .... ! ..... "', I contend, causes errors in the way 

problems. These are images that are often found 

solve geometric 

students' geometric 

The prototypicality, to "' .... ,,,,,,,, .. .,, and Hershkowitz, is assessed through the 

examples that students invoke, the methods they use pertaining to specific 

the links they make and the examples invoked to solve problems. were able to 

ascertain "students' concept through qualitative and quantitative 

analysis of written solutions justifications. In their analysis grouped 

to prototypicality, part-whole and attribute understanding. 

findings ~_>_~'U~~ that prototypes served as levers concept learning within groups 

that had numerous experiences with function examples transformations in their 

It was interesting to trace these conceptual in the 

geometric uv •. u ...... 

Geometry is often referred to as the mathematics of space. some teachers it is seen 

as a means of connecting mathematics to the real Geometry is an part 

of the mathematics curriculum and its concepts (perimeter, area, volume, etc) 

contribute to the students understanding of number measurement. studies 

emphasise key in geometry could lead to understanding. 

These spatial visualisation (Triadafillidis, 1995), levels ofthinking (Clements, 

& Battista, concept formation (Schwarz, Hershkowitz, 1999), reasoning 
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abilities (Clements, & Battista, 1992) and higher order thinking (Chinnappan, 1998). 

The teaching of geometry is also crucial to this development of understanding and 

research emphasises that teachers' content knowledge, confidence levels and attitude 

towards geometry teaching plays a vital role (Swafford, Jones, & Thornton, 1997). 

Most of the studies refer to either the theories of Pia get, based on space and geometry, 

or the van Hiele model, based on levels of geometric thinking and phases of 

instruction. It is important for me to look at the development of geometric thinking 

using Piaget and Inhelder, as well as the van Hiele models. 

2.4. Development of Geometric Thinking 

(a) Piaget and Inhelder: Space and Geom.etry 

Geddes and Fortunato (1993) refer to three themes that characterise research on 

children's space concepts: 

.. The acquisition of spatial concepts and intellectual development. (Topological 

space) 

.. The building up of spatial representations through active manipulation ofthe 

spatial environment. (projective space) 

.. The characterisation of acquiring spatial concepts according to the type of 

geometry involved. (Euclidean space) 

Piaget discussed the child's ability to represent space. Clements and Battista 1992, pg 

423) make the following observation on the development of space that is useful in 

later analysis: 

Because making a drawing is an act of representation, not of 

perception, Piaget and Inhelder claim that inaccurate drawings 

reflect the inadequacy of mental tools for spatial representation. 
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Indeed, the inability children to draw a copy of even 

simple is taken as an indication that co-ordination of 

actions, rather than passive perception, lies at the foundation of the 

conceptual de\relo'pm,ent of space. 

I not want to criticising or endorsing work since this outside 

the of my investigation, but merely 111 .. '1 .......... a report that year-old children 

are able to Ul"'~UJi.!".UI"'U between curvilinear and rectilinear "''''''W''''''. which is ,..r"",'t .. ,~n, to 

their (Lovell, 1959). 

(b) The van Levels of geometric thinking 

They suggest that "' ........ .., ....... 

levels include: 

progress levels ~uv' ... F." .. in geometry and these 

II Levell: Visual: students identify and operate on shapes and 

configurations 

prototypes. 

to their appearance. These are sometimes 

II Level Descriptive! Analytic: "~U''''''''U'~''' n;lCOJ~nU!e and can characterise shapes by 

properties. They see figures as wholes, but now as collections of properties 

rather than visual gestalts. properties by observation, measuring, 

and modelling. 

II Level AbstractlRelational: students are able to logical 

arguments geometric domain, classify hierarchically. 

II Level Formal Deduction: "'~ ... , .. v .. are able to theorems an 

system 

reason 

reach this Able to construct original nrf1.nt!1 and 

logically interpreting geCJmelf11C statements. 

Rigor? Metamathematical: Students are now able to reason formally 

about mathematical systems. 
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Each van is integrated by four orclces,ses of thinking, namely, 

oeIUlIllcal:lOn of an object, working with the definition, classifying objects into 

and proof of statements. students to obtain certain levels, they 

must master nrclces,ses ofthat level. My mv,estlgatllol also includes the use 

recogrllUC)fl of shapes) with the ability to van it integrates 

articulate sta1tenlents or theorems and 

There are numerous studies that use the van 

thinking or simply 

i)LU,UU;;i) include, amongst others, the 

or informal uv'u.U' .. tl\.11'i). 

to accurately 

usefulness ofthe 

students fit the van found that 75% 

classification at and is dependent on the instrument 

and scheme. 

and Shaughnessy (1986) reported the behaviour of 1)~U'\.U;;;lIL1) was 

consistent with the van .l..I.1\'I .... " model. 

and Battista (1992) in summarising declare that the levels an"',Aa .. to exist 

students' geometric 

and written assessments. 

& Thornton 

These were validated 

van Hiele model as a 

.... ,,"'.,,"",."'5 students' cognition and for describing how teachers' 

understanding. 

for 

are critical issues in levels of van Hiele that should be flagged. 

issues revolve of results as a support its 

meaning of ~U"'vll~" meaning of thinking m 

terms of their properties and the n",,'''''..., YO" lack of' discontinuities 
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common trend all the studies is the realisation that students are to learn 

belief that geometric C011cepts and gel)metrlc problem I concur with 

in teaching understanding one should build on a child's ideas. There is 

common support the idea that representation space is not a perceptual 

..,... .... n15 off' of the "'''' ....... environment but is built prior active manipulation 

of that environment" (Clements, Swaminathan, Hannibal, & 1999, pg. 

In investigation (Clements, et ai, based on the that children 

(ages 3,5 to use to distinguish geometric .:> .. ""''''" common in our social-cultural 

environment, there was evidence that indicated that children matched the shapes 

to a prototype. 

et at (1 propose that children at this level are starting to form 

schemas, which refers to a network of relationships vVl111V"'LUljO<, geometric 

and processes in specific patterns. It is the mCOnl;C1(JUS schemas lead to pattern 

matching. These widen to "''''''''''''IJL more forms to 

constrained. This theory is supported eVloeIlce "that the 

consistency was those shapes with less 

an extent that it must be 

internal 

within the 

class and the more '"'''''''''''i'',''''''' to triangles), less 

internal .... "'n<""+""· ... ,,' we found" (1999, There are problems with 

children. 

Pre-school children exhibit of simple l!~lnnt:u forms and as 

are claims we should build on this Irn~'nll""l1c."" and move beyond it. 

students to reach descriptive level of geometry in part because they are not 
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exposed to it in their This of geometric inactivity, I believe, leads 

to 'geometrically deprived' 

Chinnappan (1998) students' ability at accessing use 

of previously knowledge by the links between mental 

models constructed by students, the organisational quality of students' prior geometric 

knowledge the use of that knowledge during problem solving. I found this 

investigation useful in that some students' ability to remember 

or recall knowledge even the way in which they or 'order' 

knowledge has been answered to some extent. Chinnappan (1998, notes that: 

It is essential 

Studies of this nature that target knowledge building and 

application in mathematics are essential if we are to understand the 

problem of student failure to previously learnt mathematical 

II"n"",.",/"IO"", to the solution of new orol)lenlS. 

us as educators to create student .... +,"' .. "","+ participation in 

classroom learning activities in geometry. Chinnappan's research shows student 

failure to activate and apply knowledge be largely attributed to the poor 

quality oftheir mathematical knowledge base"(pg. This knowledge base is 

similar to my .... -t"" .. "'n,..'" to geometrical rej;l~isber The way in which students 

orj:!;aruse and assemble their vast geometric definitions, 

....... ,vn" .... theorems, etc) a on how this information is n~+ .. ",,+ari 

There is a need to focus on the 'quality of the knowledge structures' 

students'. This could be achieved through the notions 'schema and mental models', 

which to Chinnappan "serve as powerful constructs in our investigation of 

geometric ;knowledge that the solution (pg. 202) .. 
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Chinnappan refers to sCflerrla as "a "' .... ~."'. of knowledge that contains 

tOJ'ffi~ltlcm about core concepts, relations n""r",.'p these concepts and knowledge 

about how and when to use these concepts". (pg. 202). schema's will influence 

how students n1"(1,<:11'\1 their knowledge to general problems. The organisation or 

visualisation of these schema involves looking at concepts that play 

geometric "'J;:,'''~'''' there a central on which are built. I that in 

different schema, for example, in circle you have a /Svllll;;;UJI4 for 

subtended angles, or cyclic quadrilaterals, or tangent theorems. use ofa 

combination 

solving activity. 

"..,1,'",,,,,, forms a mental model which students use in a problem 

Chinnappan highlights two understanding geometric 

(a) organisation, which refers to the establishment of links between ideas. 

(b) spread, refers to the extent of those links. 

high of organisation and spread determines of or 

of the To observe the way in which students' integrate their 

schemas means an examination of their mental models during problem solving 

activities. mental models provide a picture of the students' application 

ability during problem solving. 

of Chin nap pan's study was: 

(a) to identify the schemas that bring to a problem solving task, 

(b) to determine the with which these are activated, 

( c) to generate a description about the nature of the mental models students utilise or 

construct. 
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Chinnappan concluded the Kn/1WlleOlle structures HA(High-

achieving group of students in mathematics) group was qualitatively superior than 

those structures used the (Low-achieving group of students in mathematics) 

group. HA group could ",i-"",.., .. .,. .. ", their schemas with the demands of the problem 

m they could "search their for the relevant geometric schemas" and 

bridge the gap. The group failed to see connections and focussed on "superficial 

aspects". Chinnappan (1 pg 213) ascribed this to the fact that: 

... these students do not bnild models of the problem which draw 

out the links between their and 

elements embedded in the problellll. 

It seem to follow from the findings that students who structure their prior 

geometrical into schemas also develop an understanding how to use 

knowledge productively during problem solving. As educators we need to pay 

attention to the conscious the case of low-achievers) F."""""0<£""'1I and development 

a of ~vllvU.lg.~ and also to activation of strategies (cannot be neglected) to 

solve problems. 

Battista (1999) utilised psychological and IV"" • .....,.. components to analyse the 

constructions that students as enumerated 3D of cubes. 

emphasised the mental onJce~ss(~s of abstraction, reflection, perturbation, spatial 

structuring, co-ordination and especially interaction within pairs, and how 

processes brought about meaningful and powerful student learning. 

Battista (1999) refers to the critical mental ..... "',,'"'''' ... , of' abstraction' , is the 

which the mind selects, co-ordinates, unifies, and registers in memory a 

collection of mental items or acts that appear in the attentional (pg. 8). 
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Understanding, <>"",""1"1"11 to Battista, more than just understanding, requires 

reflection, which sees as "the conscious ..... 1"r'" .. ''''' ofre-presenting experiences, 

actions, or processes" (pg. 418). Meaningful learning occurs when a 

perturbation, seen as a "disturbance in mental equilibrium caused by an unexpected 

or a realisation that something is or does not work" (pg. 418), occurs. 

These perturbations as students ntp1rart with each other. 

also to mental models (that link strongly with Chinnappan's ideas) as "non-

verbal recall of experience". introduces the notion of a 'scheme', which calls 

"an organised sequence of actions or operations that has been from 

experience can be applied in response to similar circumstances" (pg 418). 

IS a overlap Chinnappan's notion of terminology mentioned 

by Battista was useful in terms of providing some ideas about that 

place in the ap("\tn,F>trl 

Students had to work coHaboratively in pairs to predict how many cubes could fit in a 

graphically represented box and then to their predictions. teacher 

monitored the interaction and encouraged communication and collaboration, and 

promoted individual sense Case studies were based on pairs same sex 

students in both a group and a low group. 
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and on and refine mental models. perturbations as a 

stimulus and T".-." .. rI students to strategy this process could be used in 

our inquiry-based geometry Personally it is a tool to ovvn 

classroom. collaboratively also proved to because "' ..... , .... "'.u~'" had to 

consciously 

understand 

influenced by 

personality 

this could 

consensus about problem solutions. some cases students 

to make sense partners reSDOlrISes. while some not 

explanations, but "their conceptualisations are 

their partners and do" (Battista, 1999, pg. 443). However, 

students cannot be underestimated and 

collaboration between students. aspect 

miscommunication, where interpret their nl:llrTn,"r~' understandings only in 

terms own 'V"'lfJ~""'''' structures. Battista that students made 

sense of their communications. This idea making sense partner's 

communications is vital for collaboration and even developing the 

geometrical The success of the study, the small sample, was based on 

the of students to working and 

attempting to sense of solutions. It would be for our >C>H ...... ""U." to regularly 

participation, students reflect on and analyse 

communicate to others most of all to sense of what is communicated 

to them. 

very is the acknowledgement that building is 

guided by ~...,"'"' .. ...,. and also instructional materials. n"'11",.-to 

establish the culture of inquiry, where students could be encouraged to construct more 

The findings support the 
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notion direct teacher intervention is sometimes critical to students' ... rr\O"t"p(!(! 

eve:ments. Within we need to be aware 

that 

untidy" (Battista, 1999, pg. 

make sense of ideas. The 

what intervention 

and concepts is often confused, 

students mistakes and 

question to teachers is simply when to lT1n~r"'~T1" 

"' ....... ,,., ... ., need repeated varied opportunities to 

and 

to 

construct UU. ....... '''1 complex concepts, as well as an ability to the 

of their developing models in organised schemas 

(1995) "UJ'.J'."'''~'' that students, at secondary level, are unable to identify 

like trapezium, etc. Their understanding 

........ , .... "' .. 1"1" .. , of these shapes is Perhaps, is a problem with the of 

shapes. Triadafillidis (1995) claims that in lower secondary "\,IUVVI 

has didactic and analytic, a 'hands on' h'P1MP1"1t of 

i3LU,U\,IJlUi3 occurs sporadically. is concerned the idea that the learning of these 

snapes may be by active tea,cmng. 

Triadafillidis accepts that there is no generalised diagram for a shape, and 

;)Ujo:~J'. ... ;:n that there is a tendency to rely on certain prototypes. 'ideas connect 

with ~H'"'Uw;.H~" on prototypes. 'visual1imitation' is emphasised by 

way concepts are introduced in tealcnmg geC)m(ltry COIlcepts are introduced by 

some "prototypical students' of a concept is ...... ""Im-'r<l11"1"'n to 

cases that are more addressed in a textbook or by a teacher, neglecting 

uncommon (Triadafillidis, He suggests that to build a concept 

around certain intensify ml!Ue~latrlg potential examples. 
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Perhaps the a of these prototypical 

examples could form a for geometry teaching. 

representation a geometrical object should use of diagrams, 

with words, and activities. Triadafillidis that a stimulus does not 

have to be figural to visually. to visual processing, which 

places emphasis on process of the as a means overcommg s 

visual limitations the recognition and of a concept's 

dismissal of the additive (Triadafillidis, 1995, pg. attributes and 

visual pn)Ct~SSllng are also trainable to some degree. This training should I"V .... "" ..... 

perceptual to the concept with senses apart from 

therefore could include touching, etc. This will provide a 

'handson'~v.~~r·.~~,~~ students, which ............ " .. 'u ...... , refer to as haptic 

Haptic exploration includes visualisation "' ...... IV'''. and could circumvent some 

visual geometry teaching. 

'"" ...... up.,..,.., in children. 

exploration strategies are 

are simply grouped 

"'JI'. ... u..'."' ... by 

3-4), then 

(age 5-6) 

as children start to use their fingers. 

students with an external frame 

Ul ..... ~ .. V ... 1V ..... (at 6). Strategies are more efficient 

van 

and tactile 

TPt'::'TPln.l'P Triadafillidis 

model there is a correlation between the development 

stnlte~~les employed in haptic exploration of shapes. 

(1994) plea's for the oerenc:e which means 

both two and three-dimensional "'l1"'~V"'. Jerry, 

.... , ..... "'''" provide 

using the 

np".,.rn"'TT'lr' thought 

practical hands-on approach to which could a ,,1"<111'1'1.,,0 

and feeling 

appeals for a 

for new 

30 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ideas and investigations. Students should 

for underlying patterns (Jerry, 

a feeling beauty and symmetry 

A limitation to the visual ai3\.I"'V~i3 of geometry is that only one hemisphere brain 

is when teachers provide visual aspects of geometry (Hoffer, 1981). For 

understanding it seems as visual as[lec1ts does not provide enough stimulation, 

since we need to involve the brain Hotter 1). 

aspect proof or the nature of proof has already mentioned, but 

(1976) suggest that theorems were ordered completely thematically and that 

constructions were treated separately from theorems. emphasised the use 

'subtle' proofs. However, he acknowledges that it is problematic to confront students 

m early of geometry with proof Consequently, he provided proofs in the 

appendix not the text. 

The potential to pick out misunderstandings is useful and valuable as a TP",rn-lnn aid 

and as we "should to provide and m to 

promote and build positive attitudes mathematics and learning 

in general" (Triadafillidis, 1995, 234). way this positive attitude 

is to allow students the space for their own productions and to allow them to evaluate 

the of the fellow students to clear misapprehensions within a students own 

theory (Van Brink, 1995). 

We should a nt"' ....... '>fi,..,.n among our students and to ensure 

able to deliberate the various definitions. The students should allowed to decide on 
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important characteristics, which are essential or incorrect and must consider their own 

productions as important (Van den 1995). 
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CHAPTER] 

RESEARCH METHODOLOGY 

3.1. Introduction 

This chapter reviews the procedures used the study to investigate how 

students understand and solve gec)metrlc problems. It includes a description of the 

design, population and data collection. 

Research Design 

1. Introduction 

Since focus of this is based on grade 12 students understand and solve 

geometric problems, the design involves tests (based on the grade 11 

syllabus) and interviews with students based on performance the tests. The 

aim interviews is to focus on the student's the to look at 

procedures and structures, as well as difficulties in understanding of the 

concepts. also be to analyse to reason 

carefully and to look at efficient or inefficient use of their geometric re9:tstE~r 

Through this design I wilt attempt to to form an opinion concerning the 

following questions: 

How grade perform in tests based on the grade 11 syllabus? 
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the majority (say 60%) of students have an "'J.J..",.,,,,, .. ~ geometric Is this 

.. <>",'''+,:> .. intact (are definitions, axioms known?) 

students able to complete statements and visualise geometric theorems from 

those students an intact geometric problems? 

What are the difficulties around problem solving? 

Population Sample 

study was undertaken at four senior secondary schools the third term 

These ., .... HVV' already mentioned in chapter 1) were involved in an 1 

month pilot project called the ~e(;onoar ................. + (SSPP) 

by the University Town ran from July 1998 to 1999, but vAl,'-"'",-", to 

2000. All grade mathematics students at each of the schools were included in the 

study, The 

in which the 

table 3.1 shows names of the 

are located, the "u"uV'",' of students 

number of teachers teaching grade mathematics and 

TABLE 3.1: Population and "' .... , ..... ,."" 

u"'.va~'u!". schools, areas 

H."" ............ of instruction. 

SCHOOLS AREA STUDENTS TEACHERS MEDIUM OF 

INSTRUCTION 

GLENDALE MITCHELL'S 24 2 ENGLISH AND 

PLAIN AFRIKAANS 

PORTLAND MITCHELL'S 71 1 ENGLISH AND 

PLAIN AFRIKAANS 
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SINETHE~A PIDLIPPI 93 2 ENGLISH AND 

" CROSSROADS XHOSA 

ESANGWENI KHYALITSHA 79 1 ENGLlSHAND 

XHOSA 

majority ofthe students at the schools were from a lower socio-economic 

background. All the schools are co-educational. A sample of267 students was 

included in the sample included those students who failed 12 

1999. The schools were also chosen for study, because geometry was taught at the 

schools and 11 geometry, was in 1999. Some grade 

1 revision also took place, through a of tutorials school hours, 

in preparation for the June examination in 2000. majority, if not all, students 

were In June 1999, November 1999 June 2000. between 

the examinations class tests (control tests for continuous assessment) were used to 

assess geometry as as algebra. 

For the above reasons students were expected, as a minimum standard, to at least 

know their bookwork or in terms of this study have an intact geometric register. 

was a common means of assessment in the four schools. Hence, the reason 

using tests as an 

The Instrument 

Two tests were designed. first aimed to test the ge()mletnlc register of u~",.~v .. ~ ... 

(their bookwork knowledge or theoretical and the secl[}na to test 

35 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ability to their geometric "' ..... ".v. to problems. tests were ~_ ... ,., .. __ in the 

following way: 

(a) Test 1 

matriculation 12) geclmf:try syllabus includes, others, the 

following core sections: subtended angles in a circle, cyclic quadrilaterals and 

tangents, Test 1 appendix 1), basically a bookwork of two 

" Part 1 was designed to test the student's definitional framework as well as their 

ability to complete the statements of most ofthe relevant theorems based on the 

three core sections. Part 1 consisted 10 items. . 

" Part 2 was designed to test whether students were able to provide a or 

theorem statement from a given sketch or simply to test their visualisation skills 

based on the core 2 of 9 

The of test 1 were foHowing: 

" To see how students their ge{)m(~tnc::a register place in terms of a 

geometrical vocabulary. 

" To see whether they were able to recognise or link a 

or definition, 

" look at student Dertbrma.ncc~s in the tests by categorising 

36 

(sketch) to a theorem 

responses. 



Univ
ers

ity
 of

 C
ap

e T
ow

n
" 

(b) :1 

Test 2 consisted of 16 items. The test was ... "'0 .. .1; ......... to students' ability to 

understandings of test 1, through problem solving activities. test was 

However, were also a solution to each of the 

problems. They had to decide whether the solution was true or false. 

students' had to a reason then find the 1'1'\, ..... "',...,. value x. items were 

selected in such a that all three core sections of the syllabus were tested. Both 

tests were submitted to three senior mathematics teachers and my supervisor for 

comment refinement. 

The Procedure 

Students wrote the tests in the week ending 28 July 2000. Dates and times were 

finalised with school. Students were allocated 15 minutes for test 1 and 45 

minutes for test without a between tests. Outside invigilators were to 

explain 

uniformed 

the tests at each school. meeting was held with the invigilators to 

role in administering the tests. In this way instructions to students were 

standardised. Invigifators were not allowed to or assist students, 

after the instructions were Teachers were not allowed to enter the test venues. 

There were no problems or difficulties in administering the tests. All the schools, . 

especially mathematics teachers and gave their the 

as well as the students, co-operated well with the invigilators. 

supervised administration of the tests. 
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Two experienced mathematics formed a marking panel, while researcher 

as moderator, A detailed training session was held with to 

ensure correct application 

used to mark the tests: 

memorandum, The following coding system was 

( a) TEST 1: 0 marks no attempt by student. 

1 for answer, 

2 marks for correct answer, 

(b) TEST 0 marks no attempt by student. 

1 mark for wrong response true or false 

2 marks for correct response, with correct reason. 

3 marks for correct solution, Le. true, 

4 marks for full answer, i.e. false, with correct reason and correct value 

forx. 

purpose was to provide researcher with information 

regarding ways in which students answered the questions, that how 

did not attempt a question or how many simply said true or false. 

students 

The results tests were returned to the schools within a Teachers did not 

coded system of marks, because (and students) were merely 

their performed in the tests, So, test 1, marking team 

only the solutions with 2 marks, For test 2, marking team only added the 

solutions with 2, 3 and 4 marks, In words, the schools only name of 

the student their mark for tests combined. teachers at each of the schools 

were very results, because they felt the tests were designed. 
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Some teachers even the results tests as a test. It must that 

this arrangement was not research .... ..,,, • .I"! .. agreement, exc·ept that schools 

would receive the results as soon as it was available. 

3.2.5. Interviews 

As mentioned rationale investigation, it was pointed out that 

some students or may not their register Both 

would impact on the performance individual students. However, for purpose of 

well (at this nVlestu:!;atlon, it was ... "'~, ..... " ... that only students 

90%) in test 1 would be interviewed. The for this was based 

on notion that this of students would be expected to perform well test 2 

since they their This particular was chosen because I u""nT<'n 

to see how they would be able to use their register to solve problems test 2. 

was not the only criterion being selected as an interviewee. I also 

looked who a mark of70% in test 1, but produced ..,1"", ... "",1", 

in test It was hoped students to be interviewed would have 

register and in this way guessing could eliminated 

solving activity in test 2. 

the problem 

Only a sample of the students who did well test 1 was ,nT,,,,,..,,,,,,,,,, .. ,, Asa 

question interviews following was highlighted. 

If geometrical __ "'.' ..... 0& is in place does this lead to better performances in 

problem-solving? 
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Through the interviews it was hoped that i.nu." ..... u~i.) would .. ",t-I'At"'t- on the difficulties and 

.... F'.J',''''''' or challenges problem-solving. 

After tests 24 students (six from each school) were selected and basically included 

those performed in test 1, as well as those who produced interesting 

solutions test The marking team identified these students. A series 

interviews place. At Portland and Sinethemba 6 students were interviewed. At 

HQ~lnO'\Upnl only 5 students were ........ ,""""1"'''''''',.., U",\,.au,).., one of the students did not 

arrive for the interview. At Glendale 6 students were interviewed, but only 4 

were The transcriptions of the two students would not add 

value to the investigation because of (a) the attitude of one student who 

answered in monosyllables and showed no in the interviews, (b) the home 

lU1l5 .... ''''5 ..... of the student meant that his was too poor to understand. 

Before the start of the interviews a profile of each student was produced, based on the 

students' performance in the tests. consisted parts: 

I reflected performance of the test. 

Part 2 provided the researcher with possible lead questions for 

However, questions were not strictly adhered to and did not hinder 

flexibility interview questions. 

The following represents an student profile used interviews. 
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NAME: 

(PART 1 and PART 2) 

BRONWYN DUNCAN 

TEST 1.1 - 1.10 
2.1 - 2.9 

PORTLAND 

PossmLE INTERVIEW 
QUEST 

TEST 2 1,2,3,6, 7, 8,9,11, 

Refer Q2.7. Explain your answer? 

Refer Q 1 : Why do you think this question is true? 

you familiar with this 

Refer Explain your reasoning in this problem? 

How did your teacher explain this? 

Refer Q3 How did you about "H""' ..... ',.. this problem? 

Are you familiar with this 

Refer Q6 How did you about answering this problem? 

Are you familiar with this figure? 

Q7: Why do you think question is 

Did your teacher emphasise this definition? 

Refer Q8: How did you go about answering this question? 

How-did your teacher explain this? 

Q9: your In problem? 

Q 10. How did you about answering this question? 

Are you familiar with this type figure? 

Refer Q 11. Why do you think this question is false? 
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you familiar with this figure? 

Refer Q12, How you go about answering this question? 

Why did you cnoose that strategy? 

Refer Explain your reasoning this question? 

Are you familiar this figure? 

Q14 How did go about question? 

did your teacher explain this? 

Q15 Explain your reasoning for this question? 

Why did you choose this strategy? 

Refer How you about answering this question? 

What do you mean that reSl001:1lSe'r 

The researcher made a careful study of the learner's response test and used the 

profile to his questions, while the student received his script used it as a 

frame 

interviews were conducted at the individual schools, Generally students were keen 

to to questions and showed enthusiasm for the interviews and re-solving or 

explaining the problems, 
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CHAPTER 4 

DATA ANALYSIS AND DISCUSSION 

4.1. Introduction 

This chapter presents analysis data obtained 

1. Item analysis of tests land test 2 quantitative response). 

2. Impact of Geometrical Register in problem-solving 

3. Transcription of interviews. 

The of this investigation as highlighted in chapter 1 are: 

1. To look at student performances in the geometry tests and to ascertain whether the 

students have a basic knowledge about circle geometry. 

compare results of test items in test 1 with items in test 2. 

3 To look at examples items in students' geometrical register. 

4. look at the role of prototypes in the students' geometrical 

It is useful at this point to look at the rationale framework (Table 1 redrawn below) 

as presented in chapter 1, since each of the above aims are analysed and interpreted 

through the data collected and refer back to this framework. Blocks A and Bare 

covered in test 1, while block C is covered in test 
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4.2. Item Analysis of Results for Test 1 

focus ofthis section is to raise register of 

students. It should provide a quantitative analysis of what students know, what really 

exists in their register and which statement/theorems and visualisation ofthe diagrams 

causes the most problems in circle geometry as required for 11. 

The following table was extracted from appendix 2 (the summary analysis for test 1 

and test 2). The table represents a comparison between question 1 (completing of 

and question 2 (the visualisation on the same item in test 1. 

For example (see appendix 1): 

Test 1: Question 1. Complete the following theorem or definition: 

1. 1. subtended by the same arc or chord ............ .. 

Question Write down the theorem or l1"'t'lnlTlnn for of the diagrams: 

Diagram Theorem or Definition 

The table indicates that there were 142 correct responses question 1.1 and 152 

question 2, a difference of3.8 % favouring question 2. 

TABLE Comparing test 1 items in question 1 and question 2 

circumference 
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1.3 2.1 A cyclic quad is a quad with the 
four vertices on the 
circumference 

1.4 2.4 Opposite angles of: cyclic quad 
are supplementary 

1.5 2.3 Exterior angle of a cyclic quad 
the interior angle 

1.6 none A tangent is a line that cuts the 
circle at one point 

1 2.7 Angle between tangent and 
chord = angle in alternate 
segment 

1.8 2.5 Radius is perpendicular to the 
tangent 

1.9 2.9 Tangents from a common point 
are == 

1.10 2.8 Angle subtended by diameter = 

90 degrees 

Coding of table: 
QUE 1 and QUE 2 represents the test items from test I 
Statement or theorem represents the item tested 

81 160 30.3 59.9 

152 123 56.9 46.0 

172 159 64.4 59.5 

92 Non 34.4 none 
e 

109 120 40.8 44.9 

87 104 32.5 38.9 

143 117 53.5 43.8 

90 69 33.7 25.8 

CRI represents the number of correct responses in question 1. (sample 267). 
CR2 represents the number of correct responses in question 2. (sample 267). 
%1 CRt expressed as a percentage. 
0/02 CR2 as a pen;entage. 
%D the difference between %1 and %2 

Definition items 

1 covered only two that are important circle geometry, namely, 

defining a cyclic quadrilateral and a tangent 

Item 1.6 a definition and the aim of including this was to see how many 

students knew the definition of a tangent. -':utTlnC!1n,rrhf only 34.4% could define 

Item 1.3 definition a cyclic quadrilateral and only 30.3% got it correct 

29.6 

10.9 

4.9 

none 

4.1 

6.4 

9.7 

7.9 

tenns of completing the statement. However, 59.9% identified a cyclic quad a 

sketch, but most of the students used it as a property and did not say ABeD is a 

cyclic quadrilateraL Instead, they wrote, opposite angles of a cyclic quadrilateral are 

supplementary. The team insisted that because they identified the cyclic 
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quadrilateral it had to be marked correct. Hence, a reason for the disparity, in terms of 

percentage, between completing the definition and visualising the 

Theorem Items 

Each theorem/statement ..., .... '-" ........... 15 corollaries) relevant to circle geometry for 

11 was tested in terms of completing statements and visualising these statements from 

given sketches. It must noted that only a few items yielded above 50% correct 

responses. The best known theorem in terms of completing statements and 

visualisation was the angle at the centre of the circle equal to twice the angle at 

circumference sub tended the same arc/chord The percentage difference was 0.8. 

The discrepancy between completing statements and the visualisation was for 

opposite angles of a cyclic quadrilateral are supplementary. The percentage 

difference was 10.9. majority had difficulty between 

the definition a property of the cyclic quadrilateral. is 

students, who generally completed the statements correctly, could also visualise these 

statements/theorems from a given sketch. Students who performed poorly in the 

completing of statements showed a slight improvement in the visualisation category. 

Based on the in test 1 ress than % of students had some kind of 

In Appendix we note that out 19 items were 

only 9 with a correct response greater than 50% and range of correct 

from 69 to lout of a possible 267. 
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The above statistics (Appendix 2a) indicates that the majority of students do not 

possess an effective geometric register, which is necessary for problem solving 

in test 2. 

4.3. Categories of Responses 

The quality reS,DOnS€~S by students provides an 1U""1aA1~ into the difficulties that 

students have in expressing themselves. I have highlighted some cateQ:~:)m~s of 

responses, with examples from scripts, based on responses in test L These categories 

will be re-visited when the interview is discussed in 4.5. 

(a) Bad use o/language 
: 

Examples based on the completing of statements: 

.1. Angles subtended by the same arc or chord ... 
equals to an angle of other segment 

or the centre are equal 

Q1.4. opposite angles a cyclic quadrilateral ... 
- because supplimental 

(b) Poor understanding 0/ Basic Concepts 

Q 1.1 Angles subtended by the same arc or chord ... 
equilateral angles which are subtended by the same chord 
are called supplementary angle 
are twice the of a inscribed angle 
equal each other add up to 1800 

.2 The at the centre of the circle is ... 
the angle at the centre which is zero 
equal to 30 degree 

- perpendicular to the 

Ql.3 A cyclic quadrilateral is a quadrilateral with ... 
- four equal sides 

two equal opposite angles 
a arc or chord 
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Q 1.4 The opposite angles of a cyclic quadrilateral .. , 
- ate equal 

QI.6 tangent to a circle is a that ... 
into two equal halves 

touches the centre and the cir,CUlnfe'rel1ce 
is joining the midpoint of the chord to the 

Ql.7 The a '''U.5'''':U and a chord is equal to ... 
1800 

one another 
90 0 

Q1.8 radius of a circle and a tangent are ... 
1800 

equal 
is the of the f'lJ"E .... '»1fo 

both equal to 1800 

Q I Two drawn from a common point ... 
- is the radius 

QI. The angle subtended by the diameter ... 
equals to 1800 

equal 300 

is twice the size of the angle 
is the radius 

equal to 3600 

drawn from the midpoint a angle 
then the sides are equal 

(c) Random use of terms or concepts without reference to their meanings 
(statements that does not make sense) 

Q 1.1 subtended the same arc or chord ... 
the right angle 

Ql.2 

Qt.3 A 

cyclic quad 
is perpendicular to the radius 

angle at the centre 
quadratic equation 
radius 
chord 

- point 

circle is ... 

- perpendicular to the tangent of a chord 

quadrilateral is a quadrilateral with ... 
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the L1 of the angles 
- perpendicular 

4 points joined to one chord of a circle. 
The same tangent 
A extra line drawn to the circle 

Q 1. 4 The nnr,n..,l1rp 

triangle 
is 

cyclic quadrilateral ... 

or angle which a circle and has 

Q 1. 5 The a quadrilateral ... 
is the angle that are extended 
tangent angle 
vertical line 

Q1.6 to a is a line 
through and has an outside 

cuts the middle of an angle 
are formed 

Sides 

is attached to the circle that it is subtended by the same chord 
subtends the at both sides 

Q L 7 The angle between a tangent and a chord is equal to ... 
the midpoint of a circle 
the bisect 

Q1.8 The radius a circle and a tangent are ... 
straight line 
the same as quadrilateral 
normally cut the radius is from centre to the tangent 
equal to the interior angles of a triangle 

Q 1. 9 tangents drawn from a common point. , . 
diamitre 

Q1.10 

are common distance 
opposite angles 
rhombus triangle 

subtended by diameter .. , 
is made of 3600 of the angle 

called a tangent because it is subtended by the diameter 
is equal to angle of the chord 

a tangent 
equal 

It is possible to extract a few categories, but for purpose of this 

suffices to highlight some of the t"<>t!,r\nn that impact on the problem 
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capabilities of students. It also indicates a confused state mind of a number of 

students, since the quotations have been extracted from a sample. 

4.4. Impact of Geometrical Register in Problem-solving in test 2 

The researcher's perspective 

Appendix 2b represents the mark distribution for test 2 and highlights a number 

issues concerning the responses of students, which relate to their performance in 

problem solving. The following table (table 4.2) represents a comparison between test 

1 (bookwork- theory) and test 2 (application - practical). It also indicates how students 

responded in terms of true or first part of the table represents exactly the 

same information as in 4.1, second part represents (from appendix 2b) of 

student responses 2. It should also be noted that some items are repeated in 

different theorem categories, because of the nature of the question. These include 

question [Q8], [Q [Q and [Ql The questions that required a false response 

are indicated by: [Q?], followed vertically by two numbers. The number indicates 

correct reSOOflse. but no value xor incorrect for x. The second 

uu.v .... ~."''' the full namely correct and the correct value 

for x. A true reSDOIlse is indicated by: [Q?], followed by one number the 

number of correct reS,DOlnse:s. 

The is exactly the same as table 4.1 (coding repeated below table 4.2), to 

facilitate comparisons between the two and the extra part of the table below 

includes the test 2 summary. This summary indicates the question in test 2 (denoted 
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by [ D, the correct response the false not include the value of x) 

and the correct solution (in the category, includes value 

TABLE 4.2: Analysis of 2 compared with test 1 

1 Analysis 

QUEl QUE 2 STATEMENT OR TEST 2 
THEOREM [Question] 

* Correct response (False) 
** Solved for x 

1.1 2.2 subtended by [Q3] [Q6] 
the same chord/arc 9* 224 

Rowl are 
1.2 2.6 Angle at [Q2] [QI0] 

2 angle at 185 
Row 2 circumference 
1.3 2.1 A cyclic quad is a 81 160 

quad the four 
vertices on the 

Row 3 
1.4 2.4 [QI5] 

218 
Row 4 
1.5 2.3 172 [Ql [Q16] 

218 1 * 
RowS 9 ** 
1 none 

Row 6 one 
1 2.7 Angle between 109 120 [Q9] [Qll] 

tangent and chord = 3 * 6* 
in alternate 5** 1 ** 

[Q16] 
1 * 

Row 7 9 ** 
1.8 Radius is 87 104 

perpendicular to the 

143 117 

Row 9 
1.10 2.8 by 90 69 
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1 and 2 the test items. 
Statement or theorem the item tested. 
CRl the number of correct responses in L (sample 
CR2 represents the number of correct responses in question 2. (sample 267). 

A quick overview of the above table across rows an pattern of 

responses, for example: (the statistics for each row is extracted from table 4.2). 

1.1 

Row! 

(1) row 1, the 

Angles subtended by 
the same chord/arc 
are 

application test 2 based on 

[Q4] 
228 

[Q6] 
224 

theorem [Angles subtended 

by the same chord/arc are equal] only students responded correctly, but only 

16 solved for x, while in 4 and question 228 and students 

respectively "'''!-I'V'''"",,,, correctly. 

ROW I 
p Q4 

R 

The orientation of the sketches in both question 4 and 6 were different (see appendix 

1 test 2), and over 220 of the 267 students responded correctly. This contrasts to the 

142 and 152 students who responded correctly in completing statements and 

visualising tests respectively in test 1. It is evident from the scripts that some students 

may have l".U'"''''''"''U the correct response, because they performed poorly in test 1 and 

their geometric register was not ...... nl'''''~''~r another possibility was that the 

sketches may have triggered a look about it may done a 

problem in the classroom) and they remembered what the teacher said "angles 
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subtended by the same chord are equal" a statement that I reoeat€,a my 

and so do other teachers in my observations of classroom teaching. 

This same strategy was also applied to question 3 in test 2 where 150 

responded incorrectly. The orientation of this figure was similar to the one used in test 

1, but one of the subtended "'''""",,,.., was not at the circumference. Only 25 students 

realised that the answer was false and only out of the managed to the 

correct value x. The fact that the vertex S was not on the circumference as a 

strong 

angle theorem. 

1.2 

Row 2 

majority of inappropriately applied 

Angle at the centre = 165 
2 angle at 

167 

subtended 

[Q2] 
1 

[QlO] 
176 

(2) row 2, 185 and 176 students responded correctly to question 2 and 10 in test 

respectively. 

QI Q2 ROW 2 
QIO 

s 

The orientation of both sketches was different and a similar strategy, as noted 

in row 1, was used. However, the fact that the correct statement was given may 

also have strongly influenced this correct response Hom students. angle at 

tbe centre also triggered a familiar understanding of the "'n.. ..... ~"'u This notion was 
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~ .. """"' .... by the students response 1, where only 41 students 

in terms of out of the 41 responded 

correct X. The orientation sKe:tcn was different to test 

1, 167 students "'''''''1'\,.",,,1'1,,,.1'1 ",,..,,rr,,,,t"tllu In completing 

stalterrlents and visualising tests resoecmvel 

Due to nature test 2 it also seems as if students, especially those students with a 

poor ge()m4etn can spot the correct answer (assuming they did not 

good response to all true stalCemlem:s. This, however, 

use of good guessing by a """uU''-'' ;;)~ ... u.",'U;;). This is a common 

nn.' .. ..,""'T'.nn across all the 'true' items test 2. questions that yielded 

but looked very familiar oel)pll~e orientation changes, were "''''11'''''''<1 

poorly done as reflected in table 4.2. JJv;;)IJ"Lv the fact that the sketches in Ql 

1.3 1 

3 

were based on the same theorem, admittedly with slightly 

difference in res,pOnS(;lS was 

A cyclic is a 
quad with the 
vertices on the 
circumference 

81 

striking. 

160 [Q7] 
8* 
14 ** 

not 

(3) row only 22 students that the given sketch in question 7 in test 2 

(drawn below), was not a cyclic quadrilateral, despite the fact that 160 students 

visualised a looked 
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ROW 3 

Q7 

The orientation of this sketch was similar to the one in test 1, had one vertex 

the quadrilateral at centre of the circle. This proved to be a great distracter 

students. Of the students that gave correct response, 14 managed to solve 

for x. In other words only 5.2% solved question 7 correctly, despite the that 

59.9% could identify a quadrilateral test 1. 

1.5 [Q14] [Q 
1 * 8 

[Q16] 
1 * 

RowS 1 ** 9 ** 

In row the T"pnrp ....... (the exterior ora quadrilateral is equal to 

the interior opposite angle) involved question 14, 15 and yielded best 

response in terms of the highest percentage students this statement correct, 

namely 172, while 159 students visualised the theorem correctly from a given 

sketch. 

55 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Q14 
T 

Q15 

c 

u 

ROWS 

B Q16 
R 

uesol1te these good statistics in test 1 (suggesting a number of students knew 

their theory) only 1 student responded correctly to question 14 (drawn above) in 

test 2 and said that x not be calculated. There was insufficient information. 

Perhaps the that there was not enough information was something new 

for the students. The orientation of this sketch was similar to the one in test 1, 

included a diagonal, which as a distracter. This really the 

students in that 179 said the given statement question 14 in test 2 was true. 

Students were simply unable to give the correct interior opposite 

15 (drawn 218 ......... ''"' .. '.'" responded cOlTec:tlv But, 

once again question 15 was a true statement. In question 16, 188 students said the 

statement was true, an incorrect response. Only 10 students 

correctly and 9 of them managed to for x. In question 14, distinguishing the 

interior was a problem. While in question 16, they failed to recognise that 

the exterior of the quadrilateral as the reason was 

not the angle. In other words angle TUV was not the exterior angle. 
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1 betyveen 109 120 [Q9] [Qll] 
and chord = 3 * 6* 

angle in 5 ** 1 ** 
segment [QI6] 

1 * 
Row 7 9** 

(5) row 7, we note that 109 and 120 students responded correctly in the two 

completing the statements respectively, based on the 

theorem the angle between the tangent and the chord is equal to the angle in 

the alternate segment. 

ROW 7 
Q8 R 

s R 
s 

However, in applying theorem students were unable to see the incorrectness 

the statements in each of the following: questions test 2 drawn 

above). 

'-""'''''''~'VU 8: 8 students responded correctly, while 196 said gIven 

statement was correct. The orientation of this sketch was similar to the one 

test 1, but did not an angle in the other segment or the point was at 

centre circle not at the CUnr1tel'enc~e Only 5 out the 8 

to solve x. Only 1.8% solved "''''<'~''J'U 8 correctly, 

despite the that 44.9% correctly visualised theorem from a 
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sketch. fact that the was at 

circumference proved to a distracter. 

this 

centre and not at 

majority students fell 

Question 9: Once again only 8 students responded correctly, while 152 

thought the statement was correct. Students failed to choose 

correct in the ""'0""'''''''1' that they accepted that the 

angle x was the angle in the alternate segment. Only 5 students were able 

to x. It is clear from responses that virtually the students 

did not have a "'t"~'T"'n,..., or a technique for finding angle in other 

segment. Consequently, only 1.8% solved question 9 correctly. 

11: 7 responded correctly and only one of them 

correctly noted that x could not be determined. Once again 1 students 

with the given statement. This time they did not see that the two 

""","''''1''''' forming angle in alternate chords meeting at 

segment was incorrect. given point was outside of the circle, but this 

no difference to their response. 

In aU questions above fact that angle in alternate was (1) 

inside the circle (2) outside the circle and (3) not subtended the same chord, made 

absolutely no difference to students' application of the theorem. 

Question 12 (drawn below): 197 students responded true. This 

Q12 

F 

58 



Univ
ers

ity
 of

 C
ap

e T
ow

n

resoolnse conflicts with the results in 

the given statement was true 

8, 9 and 11. I believe that 

a big role and does not 

mean that the ",~"" ... "".n'" were £"I"' .. ,,,,'n,,.>,, that their solution was 

correct. limitation to this that true responses did 

responses. As a for future research use 

two identical diagrams in the same test different answers could help 

good responses from true QWestllons. 

(drawn below): "'~ ... , ....... u~'" responded correctly and 6 out 

ROW 9 

Q13 

Q 

managed to solve x. ....... , .. u''''. of students not 

that one of the lines were not a L .... ',"' .... lJ'L. Hence, 

theorem, because they thought that two tangents were 

analysis of test 2 showed that 

oflientatU)ns of sketches and were 

majority of students struggled with <'I,f' ...... "" ... i-

put offby distracters in form of extra 

':''''-''''1"(''1''i ot "."-,_~v.",,,,, rl1+ ...... "' ... t to prototype (students first or 

introduction to theorem SKt~lClles as presented teachers or te}j::tbc)o1<~S It also 
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fact that ".1..4,' ........ 11." with or without a good geometric register respond in a 

u ... ,'uv'..... of different a these would include: 

• guessing . 

• look at familiarity ofsKe:tcnles. (chiefly due to nature of test). 

u"\,,,,n, .. ,, by prototypes (where the sketches in test 1 serves as prototypes) in terms 

being able to 1'h"'''' .. '' ....... ''' when the " ... ,,, .. 1" .. 1'''', .... of the sketch is 

... confidence in x. (only a correct solutions, see aDI)e:nUlX 4 

or the table below). 

table 4.3 below r""ir .. " ... nl the questions in 2 that contained all false 

solutions and the LU.."\JU,,,, that were to solve for x. 

.... ",. ........... ,.&:.1 4.3: False responses 

QUESTIONS FALSE A FALSEB CORRECT 
1 43 4 37 
3 84 9 16 
5 43 8 77 
7 74 8 14 
8 53 3 5 
9 91 3 5 
11 93 6 1 
13 79 6 6 
14 76 1 1 
16 59 1 9 

TOTAL 695 49 171 (out of2670) 

False A: students reslPoDld with false but no reason or an incorrect reason. 
False B: students with false and correct reason. 
Correct: students for x. 

above table included to an indication of how many students out of 

sample 267 were able to solve the ~Y'''''L''UU'' with false reSDOllses. The false 

responses were because it answers with reS:DelCl to reasons for the 

students' reSD01!1Se as well as an indication oftheir ability to the problem. The 
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true as already mentioned, problems in terms of an inability to 

eliminate or the degree of guessing or to eliminate the influence of the 

correct answer provided in the question. 

Only 1.8% were to say false a correct ... "".,."n", while 6.4% of the students 

were able to solve for x. poor included both categories of students, 

namely, the with the geometric place students'theoretical 

framework is in place), and the without a geometric place (meaning 

students' a minimal or no theoretical framework). formation of this 

in the first of may due, as already mentioned, 

to a good memory, rote learning or a sound understanding of circle geometry. 

focus on investigation how grade students understand and solve 

geometric problems", the group of students with an intact geometric register played 

an important role. The underlying is that with a theoretical 

of geometric principles "'u'""" ..... be able to solve basic lle()m,emIC 

However, only 6.4% (171 out possible correct responses) of students were 

able to the x in 10 problems. The following section provides an 

indication of the thought processes of those ,nu.'",,,,ULi:) with a ge()mietnlc register in 

place. 
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4.5. Interviews 

Students PPlf'!lilTl.PetlVP 

In the previous section I presented 

responses students in the two 

researcher's npl·Qn,p('.tlVP based on the ~el1efjal 

as well as an analysis of the statistics 

the of students this I how the "'~U'","'H~" 

analysed or solved the problems on their response 

Firstly, I the difficulties in conducting the at each schooL 

Secondly, I a rationale interviews. FinaUy, a look at the striking 

features a series of focus 

4.5.1. Difficulties in conducting the interviews and transcribing of tapes 

(a) Venues 

At (science and Portland 

laboratory venues were not suitable interviews. rooms allocated were 

on 

easily ",""",OVi:>i:>HJ by other students and staff members in the interruption of 

many Unfortunately, were no other venues available and the 

continued. :Slflieth~~mt)a the ma:tne:m HOD's office 

the best venue the interviews. 

(b) Noise 

Added to 

came 

venue problem was 

students who were not 

excessive 

classroom 

who pnl,nUI"/1 their interval, from knocks on the door 
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periods or beginning and ending of • "T"·n<I!. These were all picked up on the 

recording resulting transcription 

(c) Indistinct speech of students 

A number of students were indistinct during the sessions and this 

transcriptions very difficult students were slightly indistinct due to 

inability to pronounce a sometimes were their some 

very fast, some engaged in mumbling especially when thinking aloud and some 

due to theidack of confidence in questions. 

(d) Interview technicalities 

Due to the nature interviews, students basically to explain solutions 

and give reasons for their a major ....... V.,l ..... block was transcribing 

LU\Jl\#H1L» were merely gesturing and pointing to SKe:tctles. especially when angles were 

not named. Some students had .... u< ..... y" in expressing themselves words and used 

actions .".,1<".",,,'1 Unfortunately, some of these "'''',<.v.", were during 

(e) Personality of students 

majority students were 

were confident in the 

and wiHing to participate the interviews. Some 

.... "'''.lV •• '' promptly when and those 

students clearly. seems to be a correlation between confidence and clarity 

of responses. of the students remained very positive the 

11"", .. "1',,, the time questions (sometimes it like an interrogation) 

asked. 
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4.5.2 • .11."""', .......... ,""."" 

In chapter two, the notion was mooted that 

then there are which forms the core 

1. Students should nAY'Tnrm well in problem solving (application 

2. Students may with problem solving, because the omentatl()fl 

was different to in test 1 question 2. The role of prototypes mayan 

low-achievement in problem solving, 

The 21 " ..... , .......... " have provided a wealth of information in terms of 

how students Tn""nr~'mC! how they apply 

this understanding, 

their geometric rlAt'1rI11~lIU\c! 

emotions encountered during and the errors 

they their theory. The following seC1:ton will on 

of students in the following categories: subtended angles, cyclic quadrilaterals and 

tangents. .... "' .. 'vu"" .... , only provide a partial picture interactions 

the register and the ability to solve problems, especially 

knowledge during problem How they access this 

how to improve current of understanding. 

interview the students were to which sketch or 

sketches appendix 3) were used by tea~cm~r to a particular T"pnrprn 

They were to rank the top two sketches. • ...... ''''"1.''' had no difficulty in choosing 

TCH .... n, ..... with the visualisation the top two sketches from the given list. This 

1, provided a framework from which students responded. The following table 

64 



Univ
ers

ity
 of

 C
ap

e T
ow

n

res:oonSf:8 of "'~ ... , ... "'.u~'" to questions based on: subtended angles, 

cyclic quadrilaterals and tangents: AOtlen01X 4). 

Table 4.4 Most familiar sketches - respOirtse 

sketches are in order of priority: 

information obtained from table will 

of the interviews, will divided into 

mentioned, with 21 students across four schools. 

Features 

the interviews the "'H.· .......... ~., reSoo]rlse to 

performance in test 2, provided some interesting insights 

into the following 

already 

ue~;t10ins. based on their 

students 

.nrlA,.,,'l"<>r.rI their theorems, into their misunderstandings and insights into 
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they utilised their geometric In many cases they reinforced some of the 

researcher's perspectives as pn~sentea and in some cases provided some c.t,,·:ancrp 

solutions based on their own The aim of this section is to 

parts of interviews that were 

"'''''''')tRIll followed 

for me as researcher. In IS a 

selected sub-divisions. responses 

are in the form of extracts the ,nn·r\.T1 Each category is then by 

1) 

researcher's observations. 

following key will be used to 

on their performance in test 

the students' response. res:ponst~s are 

or false answers are u ...... "' .... ~v .... as a correct or incorrect response depending on 

example: 

• Question 1 is false. If the student 

• Question 2 is true. If the student 

2) correct response is false, but " ........ "' ... " 

then it is an incorrect response. 

then it is an incorrect response. 

a wrong reason or cannot 

x then I refer to an incorrect solution. 

3) ,..r"cr"'''~T response is false then I to a correct or .nf"nrrpf"1' application. 

1: Subtended Angles 

Focus "",no.,,.. Why did the majority 

despite the fact that they knew 
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· . .•.. . .. - -_ ..... _------_. - - - .- -. - _. ---~-

The following table represents the performance of the interviewees in test 1 and 

provides information regarding the completing of statements (question 1) and 

visualising from sketches (question 2), as wen as their performance in test 2. 

TABLE 4.5: Interviewees performance in test 1 and test 2. 

From the above table, the majority of students achieved full marks for test 1. Yet their 

performance in test 2 varies considerably. I have highlighted the questions that 

produced full marks for the false responses. This once again raises the problems 

concerning the true responses. 

For simplification of explanation, illustration and reference, I have reproduced the 

sketches of question 1 and 2 from Test 2. (The same grouping as in Row 2 used 

earlier) 
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Ql Q2 QlO 

s 

Student Responses 

The students were asked by the researcher to provide a reason for their 'incorrect' 

response in test 2, based on their true or false answers. However, students were not 

aware or did not realise or know that their answers in the test were wrong. 

Consequently, they responded in a number of different ways: 

(a) Confirmation of incorrect response: Some were convinced that their answer to 

question 1 was correct and provided reasons for it. Take Mangani, for example, who 

responded in the interview by defending her answer in the test with "I think it true 

because ... for the theorem said that angles subtended by the same chord are equal" 

(App 6, pp 6). This response from Mangani was incorrect because she used the wrong 

theorem. 

(b) Immediately spotted their error. As soon as Mangani confirmed her response to 

question 2, she realised her error and simply declares "Ja .. .I don't know why 1 said its 

false" (App 6, pp 6). Lance, found himselfin a similar position in question 2 and 

responded " Well, 1 guess 1 used the same method, which was incorrect, as 1 did with 

Ql ... 1 guess. in fact, 1 think its true, sir" (App 6, pp 24). As soon as Mangani and 

Lance saw their answers in the test, they realised their error and corrected it. 
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( c) Confused by their own explanation. Lance trying to explain his reason became 

confused declaring" ... I don't really know" (App 6, pp 24), before actually 

solving the problem. 

(d) The Ah-Ha few of the students were so engrossed in their wrong 

explanation mid-sentence discovered error. Mzoxolo highlighted this "Of 

course x is ... umm ... no ... J can say x is 20 degrees here (refers to question 1)" (App 

pp 58). 

( e) Difficulty in articulation. Some students had extreme difficulty in eX[)rel;S1l1lg 

themselves, as depicted by Rafula' s response. 

"It was because (refers question 1) and subtended are same ... (long 

silence)" (App 6, pp 2). 

circle was the same as 

student was trying to show that the angle at the centre of 

angle at the circumference. 

it is because ... it is not stated ... When I look at this 

continues with " I think 

shape sketch 

I don't see ... I think this reason is false v ...... """ ... ,,"" I don't see ... 

degrees (points to sketch) IS on ... " (App 6, pp 

it is only 60 

student 

poorly, but to overcome this through a variety Rafula 

once again is unable to see the between angle at the centre and the 

angle at circumference question 2. This is what he to when he "I 

don't 

Absurd resnOlllses. question 2, Rafula says" the correct value for x is ... be 

180 But, x is an angle in a triangle. 

(g) About the "n,,!;;,,, .... orientation of the sketchles caused '"'V" ....... "lVU as depicted 

by Rafula noted sketches are same but the way they put it, is not 

same". (App 6, pp 2). Here he refers to the sketches used his Vuyolwathu 

concurs that is no difference between question 1 and question 2. Rephwaai said 
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"I think the same thing, only it's ... like at a different angle, here (referring to question 

1 and 2)" (App 6, pp 25). 

(h) Confident responses. Ndzila responded with confidence to the reason for 

question 1 being false" it is false because this angle is touching the circumference 

and this one is the ,.,."" ... 1-1''''' so I must the angle at the centre ... " (App 6, pp16). 

(i) Lack of confidence. Gcobisa responded as many "'Tn""" ... " did by sighing and 

''1' m not sure ( she whispers)" (App pp 64) 

G) Wrong application oftheorem. Some ofthe students doubled the wrong angle as 

in the case ofNdzila who said angle S question 1 is will be 80 degrees" (App 

pp 16), instead of20 rI"'(rr""~Q 

Researcher's observations 

I have merely used snippets from individual students to highlight a number of similar 

responses. The majority of students that were interviewed responded incorrectly to 

question 1 and was confused (although they responded correctly) with the 

introduction to question Most of them indicated that they were familiar with the 

sketches in question 1 and 2. Only 2 students indicated that they were not introduced 

to the theorem, the angle at the centre is double the angle at the circumference, by 

means of the prototype in test 1. Most of the students, despite prompting, were unable 

to pinpoint which theorem was being tested. were two very obvious weaknesses 

in all their reasoning and this really stood out in the interviews: 

(1) Most ofthe students would clearly state as a reason "angles subtended by 

same chord or arc are equal", but failed to look at the position of the angle 

subtended by that chord or arc. It seems as ifthe emphasis was simply placed on 
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the same chord and not placed on the angle at centre and/or angle at the 

(2) Analysing the response of students in test 1, in both and 

visualisation, revealed that virtually all students responded to the theorem "Angles 

subtended by the same chord/arc are, by leaving out 

the underlined bold italics part. 

CA TEGORY Cyclic Quadrilaterals 

Focus Question: students able to distinguish between the definition the 

properties of cyclic quadrilaterals. 

Question 7 from Test 2. (Same sketch used to represent Row 

ROW) 

Q7 

Student Responses 

A number of the students interviewed understood the 1-1-"" •• "" .... ,''''' between the 

and already highlighted the vast majority students 

combined the definition and the property into one definition or statement. In 1 

question 1, students simply "the opposite angles of the cyclic quadrilateral 
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are suplple:me:ntalry". Responses varied greatly and section 1 will 

cOlllce:ntT'ate on I were interesting responses. 

a) Confused 

Some "'~U''''''''' displayed confusion for different 

Sonia (App 6, pp simply said, "I do not like that IS 

not a cyclic She did not like the problem u~\..au~.~ not apply 

the theorem that at the centre is also to at 

circumference. 

Rasmen (App 6. was same predicament, "Question 7 ... 1 umm ... it 

was too difficult for me. 1 was guessing about it". Despite his apparent confusion, 

with prompting, to the correct solution using at centre' 

theorem. 

Sherizaan (App 41) was .... VlU ... i)V!,.l and 

confusion. She 

" ... Ithink 1 a 
go like that (indicates 
... so when I see 

cyclic quad, right? Now, I always think it has to 
lU'-"UIU'l"'. on sketch, draws a true cyclic quad with her fingers) 

because 1 always think, it 
to my attention the other day in 
So I was thinking it can be in 
that ... that's why I said it ... " 

that (refers to the question7) ... 1 always confused, 
like that, man. So I forgot that ... somebody brought 

that umm .,. it has to touch like four 
... but it just doesn't seem right to 

b) Changed original responses immediately 

A few students changed from a true answer test to a false one UUIU ....... U<U' .... 

being asked the question in Bronwyn (App pp35) responded in the 

following way: 
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Researcher: And the diameter sut)teltlds 
question 7? 

","U'-PP": U~ Okay 
true ... would you still 

... What 
that? 

... (barely audible). 

not touching all points a (indicating on the sketch) and because 
in a cyclic quad its equal to 180 
cyclic quad). 
Okay, and that ... (pointing to 

Bronwyn: ... that is not a cyclic quad. 
Researcher: So you disagree with what you wrote 

answer in question 7 in 
Bronwyn: ..• (must have nodded 

(referring to the a 

. .. (pointing to true 

test indicated that OPSR is a quadrilateral. In the interview 

realised that is not a cyclic quadrilateral. had similar problems in his 

interview. 

c) Incorrect re!.pOinSle: not clear understanlllll1l! 

Warda OPSR in 7 was a cyclic quadrilateral but really 

struggled to her reason and responded umm ... its four comers ... 

say with a comers ... which ... its ... how can I say it ... a 

quadrilateral inside the circle ... four points on circle" (App 6, pp 85). 

did not distinguish clearly in her mind that a quadrilateral the circle and four 

points that's on is not the same. 

Gcobisa displayed similar problems following extract: 

Researcher: Okay, what is a cyclic quad? 
Gcobisa: A cyclic is a four-sided figure. 
Researcher: Just a four-sided figure? 
Gcobisa: No ... with unequal ... (indistinct word). 
Researcher: (turns to 1) .. is that a cyclic quad ... L ....... ....., ....... 

Gcobisa: 
Researcher: Why is that a cyclic quad? 
Gcobisa: The IS circle. 
Researcher: Okay, so mean in or that the comers 
Gcobisa: Ja. 

referring back to part of the test helped 
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quadrilateral. 

d) Confident correct response to true or false, but provides incorrect application 

Paul was very confident in his response, when said "First of all, not a cyclic 

quad ... I know that if this (indicates to angle 110 degrees) here is twice that 

angle to x), this must be half it" (App pp 81). His reSl)On~)e 

was not a cyclic quad was correct. He even used the correct theorem to solve 

the problem, namely, the at the centre is twice the angle at the 

circumference, but the application of the theorem was incorrect. He did not use the 

angle at the centre. 

Similarly Cikizwa also, responded correctly by question 7 was false, but that x 

is equal to degrees. She the at centre' theorem, but applied it 

incorrectly by not using reflex at centre. 

Etienne's produced a common wrong reason for question 7. He false 

(correct response), but added that my understanding x is also supposed to be 110 

because you say 

don't say so ... " (App 6, pp77). 

equal. the rest of his response 

that x must be 70 degrees. 

Lance found himself in a 

That's at the 

degrees, its not a cyclic quad ... because they 

..."~,,.u ......... that opposite of a quadrilateral are 

contradicts himself as he discovers, incorrectly, 

position with following response: "Okay, ... look, 

(referring to 110 so we for the 
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at centre, but we can't use that angle (referring to x). So we have to use an 

and using is probably ""F,'''''' round a point, which is 360 

taking a look at that, that wiil be degrees, the point around that angle (referring 

to 0). So x won't be actually 360 minus . (App 6, pp 

applies the theorem on the angle at the centre wrongly. 

e) Incorrect response: prompts used by researcher? 

A number of the students responded incorrectly, but through a series of questions 

the researcher realised that they made a mistake. The following extract 

Sphokazi's (App 6, pp 65) interview is an example of this interaction: 

Researcher: Okay, lets look at question 7. agreed with me. I is equal to 70 
rlpc1rPE>Q The opposite angles of a cyclic quad are supplementary. 
Would you still with 

Sphokazi: 
Researcher: Yes. Okay. Now in your bookwork, what's ABeD? 
Sphokazi: A cyclic quad. 
Researcher: Okay, what do you think is different from that one and that or are they 

same? (refers to 2.1 and question 
Sphokazi: No it's not the same. 
Researcher: What's different? 
Sphokazi: ... because all the angles are in the circumference, and the other, only three 

in the circumference. (refers to 1 and question 7). 
Researcher: Okay, so that's not a cyclic quad. that means ... can we still apply 

that property to the cyclic quad? 
Sphokazi: No ... 
Researcher: No ... alright So how do you think you will calculate the value ofx, 

Sphokazi: I must found this angle ... (moves 
Researcher: And how do I get that angle? 

observation 

A number of interviewees said, incorrectly, true to 

around on point 0). 

question in the test. They 

applied the property, namely, opposite angles of a cyclic quad are supplementary, to a 
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quad was not cyclic, but what they thought was Some were convinced that 

their response was correct and were shocked to discover that were wrong. 

knew that the quad was not cyclic, struggled to find an alternative to 

solve x. Some used correct theorem, but the implementation or application was 

poor. It was obvious that virtually all the students were unable or did not know to 

use the angle as at the centre of the was despite the fact 

that 8 group indicated that it was the second used by their teacher to 

introduce that particular theorem and that they were familiar with sketch. 

I have looked at application 

question 15 and 16 in 

014 
T 

c 

u 

Student Responses 

a) Assumption laws: 

quadrilaterals in question 7 and now will 

2. 

,ROWS 

B 

G 

S 

016 
R 

..... " .. u ..... of the interviewees were guilty of the assumption law, they simply 

assume that lines are parallel, because they parallel because are 

informed that the lines are parallel. In U!,;;,)t!<..IH 14, for example, students assumed that 

TV is a diameter. following extract depicts ...... cu," .. o. s (App 6, 

reason for answer to "' .... '_"'L.'U. 14: 
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Researcher: that's fine ... then lets look at no. 14 quickly. umm ... You 
that one is true. did go answering that one? 

Rafula: I thought of the two lines ... this ... I thought about (pointing to line 
ZU) ... and it like this and it turns and this angle is 
to one because forms a 

Researcher: So it fonned a Z again. 
Rafula: Yes. 
Researcher: So that's why they are equal? ... 
Rafula: 
Researcher: And the reason that we use? 
Rafula: (Mentions reason) .. (a bit indistinct) {researcher's emphasis - student 

refered to altenate angles} 
Researcher: you with that theorem. to reason in sketch). 
Rafula: Yes, that theorem is but, I don't know how to apply it ... this 

statement (refers to sketch) ... that is why I use that ... (refers to sketch 
... the Z). 

Okay, did your show you a mechanism this (points to the 
sketch). 

Rafula: Yes. 
Researcher: Okay, can you remember what he showed you? 
Rafula: No ... not now. 

assumes that lines are parallel and uses the Z-strategy to show angles are 

alternate. However, he admits he not know how to apply theorem, the 

ofa quadrilateral is equal to the ..... t, .... ,', .. opposite even 

though he correctly answered the theory questions. 

b) Absurd responses 

Rafula declares that the answer to question IS I said x is equal to 0" 

pp 5). to an angle that is equal to 0 rI"'llrl""','''' and terms of the problem 

not sense. 

c) Confused responses 

Bronwyn admitted at the end of her att€:mpts to explain her solution to question 

that "And ... (indistinct) then I became confused" (App 6, 37). 
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later in interaction, with prompting could confidently declare that will be 

the whole T", the correct response to question 14. 

(App 6, pp 9) in answering question 16 displayed a confused response in the 

following extract: 

Mangani: No. 16 ... umm ... LONG PAUSE 
Researcher: You said its true. 
Mangani: Okay, I said the exterior angle is equal (points to angle in the sketch) is 

equal to interior opposite (points to U and R). So its still the 
same thing as that ... (indicating parallel notations on sketch). 

Researcher: Okay, so you with me that is an exterior angle. 
Mangani: or is an between a tangent and a chord. 

is confused about the exterior angle a cyclic quad and an angle between a 

tanlgellt and a chord. clearly does not know difference. confusion is 

highlighted in the interaction with Ndzila (App 6, pp 18 and 19). In question 14 and 

15 the ""V1",,,,nr\,. of a cyclic quadrilateral was tested, Ndzila used the theorem 

in 14, but responded with angle between tangent and chord theorem. She only 

realised errorwhen prompted by the question "is a tangent". response was 

no, she said exterior angle is equal to the interior opposite ... ". 

response to question 16 also su~~ge:sts a level of ... v<'v'""' .... confusion the 

following extract: (App 6, 28). 

Lance: I mentioned that its true ... probably false, though its quite difficult to 
recognise the opposite angle... probably S or R ... obviously when I 
wrote the examinations I went for ... , x is the opposite angle which is 
equal to umm ... 

d) Confident, despite incorrect solutions 

A number students were convinced that incorrect response was perfect as 

depicted by ....................... in answering question " ... this one is the 0"'"0 ... ' ..... 

of a cyclic (refers to so then it equals the interior opposite angle, that's 
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why I got x= (App pp 23). confidence she did not 

realise that the given angle was not an exterior 

e) Correct responses 

few of the students were not able to articulate correct responses very well, but 

knew what were Zameka displayed this in "Okay, this x .., .. v'u .... be 78 

.:>0 .. .:>.:>", but x is not degrees, because this angle to V), this angle is 

equal to all angle (App 6, 15). The first x referred to the whole angle T, while 

the ""',"'v ... '" X referred to xm 

J) Most mter4~stlln2 response to researcher 

The interaction with Lance (App 28) really provided an insight into how one 

student in a problem situation. Follow the interaction in the following extract 

based on question 

its Researcher: Okay, question 14, you also 
............. ' .... Ja, because, as my reason was although incorrect. I felt the opposite 

angle cyclic quad is ... to exterior angle of a cyclic quad is 
equal to the opposite interior 

Researcher: 
Lance: Then it will be whole of 

for that matter (breaking T 
Researcher: 

T (referring to T on sketch 
two adjacent "'up,>,"'"'}. 

not or 

Lance: So you couldn't go x that method ... so method I 
rather used I ... what ... I assumed that was a diameter. It 
meant that W was a 90 degree 

Researcher: Okay, so ... 
...... "" ........... Not interior of a cyclic quad, sorry, sum of the interior angle 

triangle, They give you that WT and WV are so that means I just 
used base isosceles for TVW. 

Researcher: Okay .. 
Lance: we ... (very indistinct) ... 
Researcher: Okay, ja I'm happy with what saying there, just the one 

thing ... you assumed that TV was the ... diameter, and do think that 
assumption is correct? all ... we wont solve the problem. 

Lance: .,. so okay ... probably one of the first lessons we in geometry is 
never to assume, so that was a bit on my 
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Researcher: Alright, ... so that out the calculation, otherwise it would 
absolutely ... 

Lance: correct, ja. 
Researcher: Perfect. 
JLJ ..... ,,' ... it would just on the basis was actually a diameter. 

That's right ... okay ... okay, we're busy with Q16, lets see how 
went about solving that one? 

The above response is interesting in at least two ways: 

• realised that he could not solve the problem using his original observation, 

that used correct theorem applied the theorem 

correctly. The correct solution was that x cannot be calculated. He opted for 

another solution . 

• From an excellent explanation, he preferred to assume that TV was a diameter. 

Using assumption he could an <>"<'U14::'1'" which was better than 

attempt. He did acknowledge that his action was rash and not in line with 

geometrical 

g) Prompting not enough 

In some cases prompting did not help students as represented in the foHowing extract 

based on "'I .... ""nJlvu (App pp 

Researcher: Okay... lets onto the last one. Question 16, you said its true. 
would you about that one? 

Rephwaai: sir ... because of a cyclic quad is equal to the 
interior angle. 

Researcher: Okay, so you would with exactly what's written, there. (refers to 
reason next to sketch). 

Rephwaai: Ja. 
Researcher: that is exterior angle (refers to given angle 57 degrees). 
Rephwaai: Ja. 
Researcher: Now, coming to your ... this one (refers question 2.3) you gave 

the statement the is to the interior 
opposite angle ... so is there (referring to question or 
is this the same as you've said there (referring to question 

Rephwaai: I don't see a major not't"' .. '''' .... ,,·''' 
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Researcher: So you would still agree that, that is the exterior angle (referring to 
given angle 57 degrees). 

Rephwaai: (student must have nodded his agreement, no indication on video). 
Researcher: Okay ... alright. 

Despite efforts to highlight the comparison between prototype suggested in the 

theory and the application in question the student saw no difference. 

h) Careless mistakes 

students were guilty of £,01",:.1",,, mistakes in the form nrrl'n .... application of 

theorems. is shown in the interaction with Sherizaan, she applies 'the 

exterior angle a cyclic quad is equal to the interior opposite angle' theorem 

incorrectly and then use the perpendicular to tangent' theorem, despite the fact 

that there is no radius. 

following extract represents this interaction: (App pp 45). 

Researcher: And, and you could take me your there (referring 
to question 16). 

Sherizaan: (laughs) ... (points to sketch, says something to herself while working out 
answer) ... I said, okay, that the exterior angle of a cyclic quad, right. So 
S would be degrees (refers to whole of angle S), and then the 
opposite angles of a cyclic quad is 180 I that ... umm ... 
I think the other theorem that I said about the ... tangent is perpendicular 
to your radius, so sir I made that 90 (refers to angle SUV), and 
then this is angle (indistinct) ... so I draw a straight line and then 
probably that's how I got it. 

Researcher: Okay, so you would say ... are you saying SU is a radius? 
Sherizaan: No, a chord. SU is a chord. 
Researcher: So ifth:ilt's not the radius then how did you get 90 there 

(referring to angle SUV). 
Sherizaan: (laughs) .. 
Researcher: again ... that's a tricky one. 
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RESEARCHER'S RESPONSE 

Considering that aU those interviewed had a theoretical understanding of the 'exterior 

angle' theorem, it was evident that students lacked a strategy for applying this 

theorem. Drawing the diagonal in question 14 proved to be a strong distracter and 

caused a great deal of confusion. The law of assumption was emphasised by students 

simply accepting that the diagonal bisected the angles of angle ZTW. They found 

lines that were parallel without indication or instruction that the lines were parallel. 

In question 16, a number of the students were confused with regards to the exterior 

angle. The fact that an exterior angle is formed when one side of a cyclic quad is 

produced, fell outside the understanding of those students. For the majority of 

students any line passing through a vertex of a cyclic quad is construed as forming an 

exterior with one of the sides of the quad. fact that students knew 

the theorem they lacked this crucial understanding which impacted on their problem 

solving ability. 

In questions 14, 15 and 16 in test 2, students were able to pick out the cyclic 

quadrilaterals without much difficulty. The major problem in the questions was the 

inability of students to implement the property, the exterior angle equals the 

interior opposite angle, of a cyclic quadrilateral correctly. 
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CATEGORY All about tangents 

vu,esnon: Do students possess a applying the tangent .,11'10, ...... 0· .... 

In this cau~golry I 

7 row 

Q8 

and what are their difficulties implementing the theorems 

problem solving activities? 

on question 11 from test 2. (same 

ROW 7 
R Qll 

B 

ROW 9 

Q 
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Student Responses 

students used the short cut to represent 

following The angle between the tangent and a chord is equal to In 

the other or alternate segment. 

a) Confidence and Convincing 

In most the were in their solutions and were 

convinced efforts were correct. In the previous categories this was 

already noted. 

Rasmen .rnl .... "'" and at and produced, for 

best Ah-Ha PVln"'f"!pf'I,..'" all the interviews. following extract depicts this 

surprise that he was \Alrln.u after a rather argument that he was correct: 

(App 6, pp 49) 

Researcher: 
Rasmen: This correct. 

Rasmen: 
Researcher: convinced that that is 

is true. 
Researcher: applying that theorem 

' .. Wha! ... (he shouts ..,...,,,,,u ... c,,,, 
probably notice before) ... (he laughs). 

Researcher: Okay ... tell me ... tell me. (researcher smiles). 
Rasmen: These are two (meaning radii) '" it, it didn't 

the the circumference ... 
Researcher: And so, so what are you telling me? 

there was 
Rasmen: No. It was 
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c) Lots ofpr«Jlml,tUlil!: 

Prompts were students to about their answers and to and 

interrogate framework, which !lIl"r'('\r,rl1n to their performance in test 1 

was in place. Mzoxolo changed his incorrect rjO>Cl't'\('\n after prompting and 

his theoretical framework. He said, in answer to question what's rI.+I-""r", ... t 1"\<>1".17",.>n 

the sketch in question 8 and the sketch in the Tn"" ...... ", seC1:tOn (question 

this triangle que:sttcm 8, only two are in the circumference, but all 

its three to are touching the question 2.7. So it 

can't be true" (App pp 60). In response to the use tangent/chord theorem to 

solve question 8, he "According to that now ... I've just discovered it ... 

you can't use it" (App pp 60). 

aspect was also in the following extract Rasmen (App 6, pp 

50) admitted that he could not solve for x in question 8, but managed to solve it after 

prompting: 

Researcher: Ja .,. 
what 

Yes. 

me you back to ... (turns to diagrams of theorems), 
did over here. Tangent AB is peI-pelIlOl'CUl:ar to radius OC 
to 2.5) ... You see that, your 

it correct as 

Researcher: So you know .. (turns back to sketches) from bookwork, that the 
radius and are perpendicular? 

Rasmen: Yerr ... 
Researcher: Okay ... so now we can go back there to 8). 
Rasmen: Okay, this is perpendicular to this tangent 
Researcher: Yes. 
Rasmen: So when the radius is perpendicular, it give us 90 "PlTrp."., 

to PQO), and then the two 
IS degrees, so 

making sense now? 
Yes, its making sense now [these last few lines took to decipher, 

accent not too clear] 
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d) Accurate responses 

was also good accurate and well out solutions. (App 6, 

55) response to question 8 displayed a good theory and she 

articulated this understanding very 

Luvuyo: So this is a radius 
(base angles) must 

to OQ). SO they 
equal to that one. So 
that one is also 25 

triangle. So 25 plus 25 
degrees (writes in 130 in 

now this is 25 degrees to 
degrees (refers to P) because this is a 

me 50 degrees, so that's why it is 
angle POQ). 

Okay, great. Now ... just look at the reason that I I said x is equal 
to 65 degrees. Angle between tangent and chord PQ is equal to the 
angle in the opposite segment. that, ... do you think that reason is 
true? 

not true, because this triangle to POQ) ... it is not a full circle 
triangle (means circumscribed circle). 

Researcher: Okay, so 0 should be on the circumference? 
Luvuyo: Should be on the circumference (repeats 

It was 

a 

with 

the interaction with Luvuyo had 

for applying the tangent/chord 1"n&»nr&»n"I ...... U;)I:l(Ulla pp 22) answered 

had a ",1" .. ",1"0"'" (used for finding 

looking at ... a strategy. What strategy did you 
... because this angle over here, angle x, is the angle "'&»1"',u&»e'n 

a chord, so if you do this over here (her hand covers SOllnetlmn:g, 
cannot see what), and then angle E will be ... (mumbles 

and continues) ... this two over here, (points to B 
the same segment, that is why it equals ... 70 

here, is the angle between a tangent and a 
at C), that's why it will equal to angle E to E on 

Researcher: so you had a good strategy for doing that one, 

e) Law of Assumption 

IS uU''''UIJ'U most common error and caused problems in terms 

for x. In IV12:0XOIO (App pp 62) refers to the line SP as a diameter. 

was a tangent in question 13, even though they 
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the definition of a tangent. A typical '"''''''""11-'1'"' is the interaction with Rushana 

(App 6, pp 

Rushana: I have no how I Ul",rV,::.r! out that one ... \51J"''''''''''''' J 

Researcher: But would you that it's or would you change your now? 
Rushana: No, I don't think it be true. \o'f:;o"~'" 
Researcher: not? 
Rushana: Umm ... . .. there's no reason for it (laughs) let me see now why 

they (points to reason next to question 13), PQ equals QR ne. 
Researcher: PQ equals QR ... so you agree that? 
Rushana: Umm .. (agrees). 
Researcher: and the rest ofthe where it 

common point are equal? ... do you 
Rushana: 

tangents drawn from a 
with that statement? 

Researcher: Okay, now do you 
Rushana: RQ? 

that RQ is a tangent? 

Researcher: a tangent? 
Rushana: 
Researcher: Okay, ... why is it a or what is a tangent? 
Rushana: A touches a at only one point. 
Researcher: And is it touching at one point? 
Rushana: No ... (giggles). 
f) Incorrect use of theorems 

This was Warda's (App 6, pp response to would you about 

\.jU'",;n:IVll 8": 

Warda: angles is equal to interior angles. 
Researcher: The exterior angle? 
Warda: ... Is equal to the interior opposite 
Researcher: Of a cyclic quad, or ... of what ... Of the 
Warda: a cyclic quad. 

Warda's reason 8 depicts a lack of understanding on two levels: 

(1) She did not know what was meant by exterior 

(2) She was convinced that a three-sided figure was a cyclic quad. 

She insisted that the tangent/chord 1""<>('\.-<>,,,,,, could still apply to question 8 even 

though there was no circumscribed 
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t) Absurd Responses 

Rafula (App 6, pp 4) admitted that question 8 was familiar to him, but his solution did 

not make sense: 

Rafula: Yes, I have seen it before. 
Researcher: And did your teacher 
Rafula: 

that 

Researcher: Okay, question 8 ... again ... How did you about answering that one? 
Rafula: it is said that RS is a tangent, so we are told that x is 

I that is true. Why, because, I thought ... they formed a 
Z like (points to sketch) ... so they are equaL 

Researcher: Okay, they are equal because they formed a 
Rafula: 

was r""t-,orr'I" to the Z associated with It-"" ....... "i'''' angles, which did not fit 

solution. 

RESEARCHER'S RESPONSE 

this 

question 8, 1 students responded with an incorrect response. They thought the 

solution was true. It was my intention, through the interviews, to encourage students 

to make conjectures of their own asking probing questions to challenge 

to think about theoretical Most of the students see:me:a to 

have a grasp theorem, but were confused about the application as depicted 

in the interviews. The nature application was missing. For example, there were 

no real problems with the between tangent and chord, but the angle in other 

or segment caused the problem. fact that the angle in the or 

alternate segment must TrW'rn"'(1 at a point on the cwntt:::rellce was not important 

or relevant to the student. 
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The distracters in questions 8, 9 and 11 were sufficient to confuse or 

simply threw them and they were unable to spot that theorem could 

not used. The following distracters were 

(3) In 8, the chord subtended an angle at the centre of the circle not at 

the circumference. 

(4) In question 9, the at the was not drawn the same chord, 

that at the point of contact with the tangent. 

(5) question 11, the angle subtended by the chord was drawn outside the circle. 

appendix 2 (b), there were 196, and 1 incorrect responses for question 8, 

9 and 11 respectively. fact that the numbers included those students received 

related concerns around teaching 

geometry. 

of the interviewed only discovered lUl<ncu,",",,,, in terms of 

mo.erstan.OU:1lg the nature of the theorem, through prompting. 

responded correctly (in terms oftme or false) were unable to solve for x. could 

not relate other theorems or properties to solving problem. They did not have a 

network of relations in and their efforts lacked understanding. This result is 

evident from the that only 5, 5 1 (out of267) of the students solved 

question 8, 9 and 11. 

Question 13 also proved to problematic. The majority of students knew that 

tangents drawn from a common point are equal, but did not that one of the 

lines was a secant. The that the two lines were drawn from a common point took 
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precedence over the fact that both nec~ae:o to distracter of 

a secant instead of the ~""'5""'n revealed that i:)tUU,",'Ui:), especially those with a 

good 1"n.,·t'\f·~>T'1" 

theorem. 

framework, were in terms of their visualisation of the 

the group of 79 .,~ ....... "'u who correctly spotted secant, only 6 

managed to for x. 

Based on answers obtained interviewees those " ........ "' .. ,~'" (not many of 

them) who understood the nature of the tangent theorems and how they were inter-

related, were to solve for x and did well in the two tests. 

4.6. 

The results in mind the limitations of the study) ........ "' ... ,'''' 

grade 12 .,~u .... "" ... ., involved in the were struggling 

the problems by students back to a geometric 

number of cases virtually non-existent, inefficient (in terms of a 

understanding) or ineffective (a lack of for application). 

geometric were unable to 

the majority 

Most 

"'F.""~"" that is in a 

conceptual 

fact that some 

students with an 

problems is and in terms raised a number of pedagogic 

Issues to teaching of geometry. 

The majority of .,.u ....... ,'u., were unable to distinguish between a and a 

property. Only a tested above 50% correct reSioOnSt~s 

More soe:ClIl majority of students had difficulty distinguishing between the 

definition and a .... "r'''''''", ..... " of the cyclic quadrilateral. There is evidence from the data 
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that student's who ..... "'","' .. -:. 

statements/theorems from a 

the statements correctly, could also visualise 

sketch. While students who performed poorly 

in the of statements showed a slight improvement in visualisation 

category. Based on the performances test 1 less 50 % of students had some 

kind of geometric 1)LaLl1)LlI,,1) (Appendix indicates the 

majority of students do not possess an ",H"''''T'n geometric register, which is nec:essary 

for problem activities test 2. 

The \.f""'':'U'JU':' that yielded false reS1JOnSeS, but looked familiar ae!ml1:e 

orientation changes, were generally poorly done as reflected in table Despite 

the fact that sketches in and Q2, in particular, were based on the same 

theorem, admittedly with slightly orientations, the difference in responses 

was very striking. 

The findings suggest the change sketch orientation, from those sketches test 

1, as well as distracters sketch, proved to be too much the students to cope. 

The of test 2 showed that majority of struggled with different 

orientations of ':'1\.\'L"lll"'':' and were easily put the distracters in the form extra 

These distracters included the following: (From test 

Question 3: Vertex S was not on the circumference 

7: One vertex of the quadrilateral at 

Question 1 Included a diagonal TV. 

centre of the 

Question Did not an angle in the other "''''E,UA''U or the point was at the centre 

circle and not at the 

Question 1: The angle was at the centre and not at the circumference. 
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Question 9: The at the circumference was not drawn the same chord, that 

is, at the point of contact with tangent. 

Question 11: The subtended by the chord was outside the 

Question 13: Including a secant instead of the tanlgelrlt 

Based on the data it is clear the responses that virtually all students did not 

have a strategy or a technique for solving problems in test example, there was 

no strategy angle other of the students seemed to 

have a grasp of the theorems, but were confused about the application as 

depicted in the interviews. distracters were sufficient to confuse students or 

simply 

not 

threw them off track they were unable to spot that theorem could 

position of circle rrAt" ..... "."!"..,., is important, since .... ul',."".., are 

placed on the circumference or at the centre to allow the smooth application of the 

theorems. Most of the were of not applying idea. the 

application of the the lack proved downfall of most 

of the students. that the angle the alternate segment was (1) the 

(2) the circle (3) not subtended by the same chord, made absolutely 

no 1"1"PTP1'I('p to the students' application theorem. 

Most of the students interviewed only discovered their uu,n ... ",...,,,,, in terms of 

understanding the nature of the theorem, through prompting. Those students 

responded correctly (in terms of true or were unable to solve for x. could 
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not relate other theorems or properties to solving problem. did not a 

network relations place and efforts lacked understanding. 

on the answers obtained from lU[leTV'levveflS those students (not of 

them) who understood the nature of the tangent theorems and how they were inter­

related, were able to solve for x and overall did wen in the two tests. 

The features arose the provided "h"'1">"~ into how 

students internalised the problem and how they used their geometric register to apply 

this theory. category produced a of responses, which included amongst 

others, following Ah-Ha experiences, responses, confident 

responses, confused responses, wrong application of theorems, correct responses, 

confident correct responses with incorrect solutions, etc. 
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CHAPTER 5 

AND RECOMMENDATIONS 

Summary of findings 

study was located in four low schools in mathematics n.1h ...... 

achievers in np",rn"'Tru It was n1-.. 'nl"u\n to look at was 

on terms of how students learn and understand geometry. 

Firstly, I HJV' .......... at the geometry register of 267 students. This 

included (expressed in words) and n .. A ....... I" ... ., (expressed in words 

pictures). tested in test 1. I following key to me a 

sense that I was ... 'W, .... ,,'!"> 

70% implied an 

H .. ·tu"~ .. n 50 and 70 % implied a 

50% implied a poor "'J<.1."."'1 

Secondly, I placed ..,~" ........ ~ numbers to the 

....... , .... u., had an excellent reQlst€~r 

had a good 50% and 70%) 

1 .,~ ... , ...... u, • .., had a poor register (below 50%) 

The fact that 1 (more than 50% of the sample) had a poor register made me 

realise that we had a problem. 
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Thirdly, the following question Uvl;i'UI;iU to be answered. 

a "'.F>""~"" in place mean they will be able to solve 

the fact that the "'~ .... , ... "'u~'" 

To do this I nee,elect 

to at performance in test 2. 

1) sample with an register performed as foHows: 

39 out of the 75 below 50%. 

36 out of the above 50%, bpt below 

sample with a """"',n"" performed as Tn •• n""" 

39 out of 42 C!l'n, .... 11 below 50%. 

3 out of 42 scored above 50%, but less than 60% 

3) The sample with a poor performed as foHows. 

150 out of 150 scored below 

It must that the scores included a number responses, 

which increased the likelihood of guessing and consequently impacted on 

the results test 2. This investigation unearthed that many do not have a 

geometrical 

activities. 

Finally, I 

...,""." .. "'. in place and COlISelommtl cannot .... "l; .. E,'-' in problem solving 

to answer the next ues,tlon. What is the problem? I looked at a few 

individuals to see could discover what LJV~''''l''',''''' problems exist. I 

achievers in test 1) with an '-''''''' .... H'-'''. register a 

a sample of 

the students 

interviews. 

(see section 

a variety prototype thinking was dominant 

detail). 

Chinnappan (1998) suggested that high l'Ir.rllp."I.,p.TIiI would be more likely to <lIf"Tl''''lIl'"" 

more sophisticated schemas, access more and generate ... ,,,,u,," 
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show a high of understanding the low-achieving group is 

congruent to my findings where high achievers are classified as there 

geometrical register in place and are able to access this effectively. My 

findings ., ... I',F> .... ,"~ that not aU 

effectively. 

high could access this register 

5.2. Aims of the study 

Freudenthal's criticism of the traditional practice of teaching geometry is 

to this by linking the aims of the investigation to analysis of the 

data: 

... Good ge(~mf:try instruction can mean much - 11'~1'T1111iO to 

l'IrOl'ln1·ep a subject matter and learning what is v.o'« .... ,...u.c" learnmg 

to conceptualize and what is COI1lceJ)tu,tliZling, to define 

and what is a definition. It means leading pupils to understand why 

some organization, some concept, some definition is better than 

another. Traditional instruction is different Rather than giving the 

child the opportunity to the 

matter is offered as a preorg.anized structure. Alll'nn'I''''t'l,j" 

definitions, and deductions are preconceived by the teacher, who 

knows what is its use in every detail - or rather by the textbook 

auther who has carefully built all his secrets into this structure. 

(Freudenthal, 1973, pp 417-418) 

Considering findings in investigation it is clear that Freudenthal's expectation 

on students seem to a bridge too (the bridge representing teaching practice). 

The of this 1 Tnl""Tl 

solve ge()mietrlc problems' 

was to look at 12 ~~UU\;;jU~" understand 

specifically to analyse ;:)LUU'VJ,H performance and 
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the two tests. Then, to U'.i"."' .... "''''''nl a sample of participating and 

not to look at ~"'U'''''U'Uf5 ... v~"v ... ,,> across the four schools, which is a limitation ofthis 

I agree Freudenthal students should led to understand that some 

5""U"'<'~''-''U of geometrical definitions, concepts and deductions is UlVl;IV:s~;tll 

However, the findings of this investigation that lack the ability to 

.po,L ..... ' .. and structure good working schemas (Chinnappan, 1999). interviews, 

particular, deficiencies in student gulnel1ts. Despite limitation 

of not looking at "' ..... n .. "''''. the from students revealed much about 

teaching practices at the four schools. The analysis of this study, with 

Freudenthal's view geometric nraLctll:es seem to place an indictment on 

Research by Human Nel (1977 - found that a large percentage of grade 10 

did not understand nature of The findings research would 

concur with Human and case is present at the grade level. IS 

evidence that a large per'cerlta)~e of students memorised the definitions and 

statements of theorems and simply regurgitated in the tests. 

According to the Van theory are to understand logical 

at the 

problems 

of a particular concept are turlctlonm 

of thought. It is at this point that students should not 

with properties of a figure, but should be able to deduce from one another and 

develop a "network of relations". large pel'CeIlta~~e of students in this investigation 

were unable to function at this Second This finding concurs with research by 
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Villiers Njisane (1987) 

Second 

Limitations of the study 

only of grade 12 students mastered 

There are some possible limitations in this investigation in terms of the 

methodology that could on the 

as already mentioned, that .", ... ",u,uFo practices at four schools were 

not nVI~stll,galteo does on making conclusions classroom practices, 

attitudes, language of instruction, group work, etc, Making comparisons across 

",,-,,,.vv.,,, cannot conclusively Strategies of teachers and use of informal 

and/or formal activities cannot be measured, Inconsistencies in findings were 

interpretation, and subjectivity of the 1'1"<1.1"1'11"('1'11"'1' 

Secondly, choice of IJV",,, • ..., ...... prototypes test 1 part is a limitation 1,)'W\.,au~,'W it 

could indirectly 

on how a ....... , .. ..,...,. 

responses from students, The prototypes were chosen 

te)l:tI)()o~~S introduced a COflcelDt 

the choice or false "'''''i''VU,",,'''''' for test may not be a reliable 

means of testing. The true reSOOlnses, in particular, caused problems in terms 

difficulty in the aspect The 

more reliable and 1',... .. ,,,. .. 11 students to res:oono. Consequently, this 

predominantly on the false 

98 

see~m~lQ much 

focussed 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Fourthly, the selection of the was interviewed, may 

terms of an intact (meaning a good theoretical 

geometric were The assumption that an 

geometric register is essential for problem solving may be a faulty one. 

Fifthly, the interview process lost some key responses in 

words and gestures. Some had difficulty in articulating themselves and 

could be due to the presence of a camera. 

there was no detailed information regarding the geometric history of the 

"' ....... vv. or students. The that 12 geometric axioms were required 

to solve for x may have impacted on the ability of students to solve problems. 

of prior knowledge of grade 8 to 11 was a limitation. 

Though the limitations do 

discount the value of the ........... "15"'. 

approach geometric 

it highlights 

to be ........ 'v ..... u"', ... for, I it not 

nrr>",,',,".., an insight into how students 

their theoretical framework and 

in terms of how students understand their 

framework in circle g:ec>me:trv 

Implications for teaching geometry 

Euclidean Geometry has played a 

has been one of the few """UV'.l" 

curriculum and 

geometry (Human 

........... , ....... (curriculum 2005) following an outcomes 1977 - 1978). The new 
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based approach will include geometry in the Further Education Training 

despite numerous schools of thought to have it removed from syllabus. 

This supports the theory (Mayberry, 1981, 96) that thought 

follows a levels (van Hiele in particular) and 

develop on one level .... r."""nT" achievement on higher 

inability to 

this 

investigation question what is meant by the development in a level or how do we 

measure assess this development. This investigation, small sample, 

has shown that student's with a good definitional or theoretical background 

with problem solving activities. 

The used this study, with its limitations, will teachers with some 

insight into lesson planning by noting deficiencies in presenting a definition or 

theorem. should an awareness ofthe impact of distracters and prototypes on 

the ."(1<>"",,,,<>,,,.-1 levels of ................ "'. This awareness moves across traditional 

methods, student participation is minimal or non-existent, or informal methods, 

students participate and even make choices about the appropriate wording 

the definition or The findings study that teachers should 

consciously, through formal or informal means, ensure that students make the correct 

connections in terms of applying their 

contributing this is the importance of a "+ ... "+"'r~, 

applying a definition or a't .... or"'·o . ...., Teachers should use mechanisms, whether they 

use their or dots or colours on the sketch, to show how to find, for example, 

'the in the other or 'the interior opposite the 'high-level of 
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understanding' had difficulty without a qtr.llitpov application. use 

"tr<.tpcn.l will improve of understanding. 

Lastly, the InVeSIu;(anOI that students were unable to construct a .~,..,. __ . 

explanation, whether in writing (as indicated in their scripts) or (as expressed 

in the interviews) and need~d guidance this regard. students were able to 

respond to prompts lead questions. 

Recommendations 

terms of research 

Recommendations for future are to include geometry teaching practices 

across as well as across grades. In addition, to track the of 

students in geometry years In contexts and exposure to 

different methodologies and practices. way the geometric history 

students' understanding can be assessed in relation to the teaching at that 

school. A similar model to the one used this study could used to track 

performances students at lower 

The focus of this was to see how 12 students understand and solve 

geometric problems, based on the 11 syllabus. did not 

of the history performance students in geometry in lower grades, an 

.... ~IJ'..,..,~ that the recommendation can fulfil. It would also provide information on 

how the geometrical register of students has developed and how it has utilised 

over five years. 
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In of curriculum development 

Curriculum 2005 places a deal of emphasis on geometry, emphasising the 

of informal strategies. Traditional practices criticised by mathematicians 

""'C''''!:Ilrl''I''i''''''' who supplying made definitions is a vicious 

method (Griffiths & Howson, 1974, pp 216). We should avoid the provision of 

geometry definitions (Freudenthal, 1973, pp 417). It is not deductive \,;;H\.1UKJl1. because 

it is imposed on the student (Freudenthal, 402), and characterised by the study 

of axioms, definitions, construction techniques and theorems in a fixed without 

any 

should 

or practical introduction (Human 1977-1978, pp Teachers 

the opportunity to involved a curriculum that is exciting, 

enriching, curriculum should ensure 

implementation of key areas of geometry. Whether 

or particularly circle geometry is a relevant question. 

includes Euclidean geometry 

we 

mathematics is necessary, not broaden our 

sufficient. should in our endeavours "reconstruct mathematical traditions, when 

probably many of them have as a consequence slavery, of \JUIU'., .... " .. " wiped 

out" 1 pp 140). of the hidden mathematics 

should aware of cultural, educational and scientific value of rediscovery 

and exploring hidden mathematics, particularly in (Gerdes, 1 

In terms of resources (text books) 

the light above it would seem as if many of our textbooks are outdated in 

terms of the informal approaches and a restructuring of this resource is vital to 

demands new curriculum. (1995, pp 1) was "appalled by how 

poorly quadrilaterals were handled in the school textbooks our 
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students were using" My experience with textbooks and circle ge()mt~try IS 

introduced in them has been depressing in terms direct teaching approach. 

is almost no opportunity for creativity and it may well be that our textbooks 

be reason for such poor ge<)m,etn understanding. 

terms of LCD~U~!;I training 

On a more personal note, based on my work teacher training and teaching 

experience, the training of our teachers is and according to Swaffor4 et al 

(1997) one to try to enhance achievement in ge(}mcetil is to improve instructional 

practice. The teachers, perhaps only a small sample that I work with have extreme 

m because of their They hated geometry at 

school and now they are forced to teach it and many of them simply avoid teaching it. 

vu",...,., for training must ensure that are empowered with to 

teach geometry in the way' and create courses for conceptual development to 

broaden their understanding to raise ability to teach 

",""1",,,,",, skills to our Ifthis is not achieved our students, as shown this 

study, will continue to memorise definitions and geometry proofs, their 

teachers did it at and is encouraged by their teachers to do same. them 

it is the only to learn and understand geometry. 

Finally, I support the view Qing (1997) mathematics, in particular 

be humanistic and a vibrant subject to be explored and 
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Test 1 and Test 2 Instruments 
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APPENDIX 1: 1 and 2 Instruments 

TINfE: 15 iVllNUTES 

CLAS S ..................................................... . 

SCHOOL: . 

ANSWER ALL QUESTIONS 

L COiVlPLETE OF THE FOLLOWING THEOREMS OR DEFINITIONS: 

1.1. by the same arc or 

at the centre IS ." .................................. """ ....... .. 

1.3. A quadrilateral is a quadrilateral with ....................................... .. 

14. The opposite of a cyclic quadrilateral . .. ... .. ...... .... .. ............. .. 

1.5. The a cyclic quadrilateral..... ....... ...... ". 

1.6. is a line that .................................................. . 

I. 7. a and a chord is to ........ '"'' ......... 

1.8 a circle and a are ..................................... . 

1.9. T'vvo drawn from a common point ......... .......... ..... ...... . .......... .. 

I.l O. angle subtended by the 

down the 
centre of the circle) 

or definition for each of the following (0 is the 

[J[AGRA\I THEOREM OR DEFlN1TION 
2.1 
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2.2. 

2.4. 

2.8. 

A 

rf01f 
~ 

D 

IS a 

DE is a tangent. 

E 
2.9. AC and Be are 

E 

B 

E 

A 
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NR~E: __ ~ ______ _ Sc..rit>OL: 
c...f...trlJt:.: _______ _ 

TEST 2 

Some of the following contain fundamental geometrical errors, In of 
following, decide whether the given value ofx and the accompanying reason is TRUE or 
FALSE, fffaise. give the correct value ofx and provide a reason for your answer, Show 
all your calculations where applicable, 

NOTE: 0 is the centre of the 

NO 
!Q L 
I 

SKETCH SOLUTION TRUE OR FALSE 

: Q 2. 

C 

Q 

Q . .t. 
B 

S REASON: Angles 
sublended by the sallie afC ' 
PRo 

~ 

REASON: Angle at centre '" 
2 angle at circumference. 

x'" JO" 

REASON: 
slIbtended by the same arc 
OR 

x = 50" 

REASON: Anglcs\lblemlcd 
by I he same chord AB. 
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REASON Tri:II1!!1c AB.C i~ 

an crttlilalcral 

Q 6. 

x'" ..&5 0 

D 
REASON: Angle snblended 
by Ihe smne chord AB. 

B 

Q 7. 

x = 7f)° 

REASON: Opposile angles 
ora qU:ldril:lleral are 
sllpplcmenl:lrV 

S 

Q s. RS is a Hlngell! 

.X = ('5 0 

REASON: Angle bcrwccil 
langenl RQ <llId chord PQ = 
:lIIglc in (hc oppo<;i(c 
<;cgmcnl. 

R S 

Q 9. RS is a tangent. 
U R 

x = 25° 
B T 

REASON. Angle 
langclIl ST and chord TQ '" 
:1Ilglc in oppo5ilC segment. 

5 
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Q 10. 

Q, II. SR is ;f tangellt. 

s Q 
Q: 12. DF is'l tangent 

A .-------

Q' ... , L). PQ IS a tangellt 
S .------

R 

.\ 30" 

REASON: Angle al ccntre =: 

2 al circumference 

REASON: Angk between 
tangent QR and chord QT .:: 
angle ill opposite segmcnt 

.x :: 711" 

REASON: bl!lwl!ell 
langelll DC :lIId chord Be "" 
angle in opposile segment 

REASON' PQ ~ QR 
(langellls d rawll from a 
co 111 111011 poinl ilfC equal), 
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Qil-l. 

Q;15. 

c 

Q i 16. NW is a tangent. 
I SU:: ST. 

SU /I RT. 
R 

E 

x:::; 78'" 

REASON: EXlerior angle of 
quad. == imerior 

opposite 

REASON: Exterior angle of 
cyclic quadrilaleral = 
interior opposite allgle. 

REASON: Exterior :lugle 
quad. = interior 

opposile angle. 
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APPENDIX 2(a) 

Summary Analysis of Items in Test 1 
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APPENDIX 2(a): Summary Analysis ofItems in 1 

NUMBER OF a's 
SCHOOL Q1.1 QU QU Qi.4 Qi.S Q1.S Q1.7 Qi.S QU Q1.i0 Q2.1 Q2.2 Q2.3 Q2.4 Q2.S Q2.S Q2.7 Q2.S Q2.9 

PORT 7 5 1 2 2 16 2 12 8 13 3 2 2 5 8 3 6 18 8 
GLEN 1 2 1 a a 5 0 4 5 1 1 2 a 5 4 3 8 13 8 
SINE 5 0 6 1 3 3 5 8 7 7 2 3 5 4 7 a 4 27 8 
ESAN 2 0 5 1 0 2 2 6 6 4 1 0 a 2 1 1 2 42 5 
TOTAL 15 7 13 4 5 26 9 30 26 25 7 7 7 16 20 7 20 100 29 

NUMBER OF 1 's 
SCHOOL Qi.i QU Qi.3 Qi.4 Qi.S Qi.S iQU Qi.S Q1.9 QUO Q2.1 Q2.2 Q2.3 Q2.4 Q2.S Q2.S Q2.7 Q2.S Q2.9 

PORT 17 18 ' 31 16 5 22 29 Lv u 17 10 19 10 21 19 4 20 16 7 
GLEN 8 12 12 10 5 13 15 10 7 16 5 9 9 10 15 6 11 4 7 
SINE 41 35 68 46 44 52 54 62 45 53 48 41 42 47 61 40 51 49 51 
ESAN 44 30 62 39 36 62 51 55 40 66 37 39 40 50 48 43 45 29 56 

iTOTAL 110 95 173 111 90 149 149 150 98 152 100 108 101 128 143 93 127 98 121 

NUMBER OF 2'S 
SCHOOL Q1.1 QU ¥S Q1.4 QU QU Q1.7 QU Q1.9 Q1.10 Q2.1 Q2.2IQ2.3 Q2.4 Q2.5 Q2.S Q2.7~ 
PORT 47 48 53 64 33 40 36 57 41 58 50 59 45 44 64 45 
GLEN 15 10 11 14 19 6 9 10 12 7 18 13 15 9 5 151 5 71 9 
SINE 47 58 191 46 46 38 34 23 41 33143 49 46 42 25 53 38 171 34 
ESAf\! 33 49 12 39 43 15 26 18 33 9 41 40 39 27 30 35 32 81 18 
TOTAL 142 165 81 152 172 92 109 87 143 90160 152 159 123 104 167 120 691117 

GRAND TOTAL 
1 Q1.1 Q1.2 Q1.3 QU Q1.sIQU IQU Q1.S Q1.9 QUO Q2.1 Q2.2 Q2.:l I Q2.4 Q2.5 Q2.S 1Q2.i Q2.S Q2.9 

INo.O'S 151 71 13 4 51 261 9 301 26 25 7 7 71 161 20 71 20~ 100 29 
INo.1'S 110 95 173 111 9011491149 150 I 98 152 100 108 101128 143 931127 98 121 
INo.2'S 142 165 81 152 1721 921109 87 11431 901160 152 1591123 104 167i120~ 
(TOTAL 267 267 267 267 26712671267 267 12671 2671267; 267 2671267 267 267j2671 267 
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APPENDIX 2(b) 

Summary Analysis of Items in Test 2 
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APPENDIX 2(b): Summary Analysis of Test 2 

13 14 15 16 
7 3 2 3 
1 0 0 0 
8 6 6 6 
1 1 2 1 
17 10 10 10 

15 16 
2 45 
4 19 
16 67 
15 57 
37 188 

Q7 10 11 12 13 14 
20 27 1 28 1 24 32 

1 6 3 0 8 0 4 5 0 
24 21 0 27 0 25 21 0 19 
11 40 1 30 0 26 18 0 21 
43 0 91 2 93 1 79 76 2 59 
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APPENDIX 3 

Item Analysis of Student Performance per school 
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"" .... ·"" .... '·""T'IJ 3: Item 

Page 1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3 
3 
3 , 3 2 3 1 1 1 3 1 3 1 1 3 1 

Naiema 1 2T 2f 2f 2f 2f 2f if 2f :iT :if 2f 2f 2f 2f 2f 2f 2f 2f 2f iT 3 1 3 3 2 1 2 3 3 1 1 3 1 
Nicole leslei!lh 11 11 21 11 21 11 0 2 2 1 21 11 11 01 01 21 21 0 2 1 1 1 1 2 1 1 i 1 3 1 3 1 1 3 21 291 
Udele 2 :2 2 :2 2 OJ 1 0 0 0 2 2 2 2 1 2 2 0 0 1 3 2 :3 4 1 2 1 0 1 2 1 1 1 :3 :2 4~ 

No. of Os: 1 5 1 2 2 16 .2 12 II 13 3 .2 2 (; B 3 6 18 8 0 0 .2 1 0 .2 1 1 1 4 4 1 1 3 l! 3 
No.of1s: 11 18 31 16 6 22 29 23 6 17 10 19 10 21 19 4 20 16 7 39 22 42 7 18 8 41 62 31 23 37 11 33 36 .2 45 
no. of 25: 41 48 39 63 64 33 40 36 57 41 68 50 69 45 44 64 45 37 56 7 0 12 0 12 0 20 5 27 f 28 1 24 32 .2 16 
No. of 35: 0 49 4 63 1 61 2 1 .2 43 :I 58 :.I 1 65 f 
No. of4$: 25 0 11 0 40 0 7 .2 ., 0 0 0 6 0 0 II 

Page 2 
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::i!&.:i :i:~i::::::~mlilif~W:::~l: :mi:~~llill:::~~~1::: 
68 Nvobole Mkhuseli 2 :2 1 1 1 '2 2 1 :2 1 :2 :2 1 2 1 2 1 1 0 :2 1 :2 :3 1 :3 1 1 1 :3 1 :3 :2 1 :3 
69 Peler Geibisa 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 :2 3 3, :3 1 1 :2 1 1 1 :2 1 :3 :2 23 
70 Phama Richard :2 2 1 :2 :2 :2 2 1 2 :2 :2 :2 1 2 1 :2 :2 1 :2 1 :3 :2 3 4 :3 1 1 1 :3 1 :3 1 1 :3 1 52 
71 Qaaane Vuviswa 1 1 :2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 :3 1 :3 1 1 1 :3 1 :3 1 1 :3 1 20 
72 Ranisi Landiswa 1 :2 1 :2 :2 1 :2 1 0 0 :2 2 :2 :2 1 1 1 0 1 2 :3 1 3 1 1 1 1 :2 0 0 0 0 0 0 0 26 

Mornal",,; 1 :2 1 1 1 :2 1 1 0 :2 1 1 1 1 :2 1 1 0 :2 :2 :3 1 3 :2 3 1 1 :2 1 :2 :3 :2 2 :3 1 39 
Baxolele :2 :2 :2 :2 2 :2 :2 '2 '2 :2 :2 :2 :2 :2 :2 :2 2 1 2 1 1 1 :3 4 3, 1 1 1 :3 1 :I 1 1 :3 1 55 

1 2 1 1 :2 :2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 :3 1 :3 1 :3 :2 1 1 3 2 :3 1 1 :3 1 30 
:2 2 0 2 0 0 0 1 1 :2 2 0 0 0 1 :2 0 0 1 1 :2 :3 1 1 1 1 1 3 1 1 2 1 :3 :2 29 
2 2 1 2 :2 1 0 2 2 :2 :2 :2 :2 1 :1 0 0 0 :3 :3 :2 :3 1 :3 2 1 1 3 :3 1 1 1 1 1 46 
1 2 1 2 1 1 1 1 2 1 1 :2 1 2 1 :2 1 0 1 :2 3 1 1 1 :3 1 1 1 0 0 0 0 0 0 0 20 
1 1 1 1 1 2 1 1 1 1 1 :2 :2 2 1 1 1 a 1 :2 1 1 3 :3 :3 :2 1 1 1 :2 1 2 1 3 1 28 
2 2 :2 2 2 :2 :2 2 2 :2 :2 :2 2 2 0 :2 :2 0 :2 1 :3 :3 :3 4 :3 S 1 1 1 :3 3 :3 1 3 1 65 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :2 3 1 3 1 3 1 1 1 :3 1 1 1 3 1 20 
:2 :2 0 1 1 1 a 1 0 1 0 1 0 0 a 2 0 0 0 :2 3 1 0 1 1 1 0 0 ::I 1 :2 :2 1 1 21 
2 2 1 1 1 1 :2 1 1 1 1 1 1 1 1 2 2 1 1 1 3 1 3 1 3 1 1 :2 3 :2 :3 1 1 3 1 30 
2 :2 1 2 :2 :2 :2 :2 :2 :2 :2 :2 :2 :2 0 2 :2 :2 2 4 3 4 3 4 3 :3 1 1 3 a 0 :2 3 :2 71 
2 1 1 1 1 1 1 1 1 1 1 :2 1 1 1 1 1 1 1 1 1 2 3 1 3 1 1 1 :3 1 3 1 1 3 1 21 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 2 3 2 :3 1 1 1 3 1 :3 1 1 :3 1 21 
:2 2 :2 :2 :2 2 :2 2 :2 :2 1 :2 :2 2 1 2 1 :2 1 4 :3 2 :3 1 :3 1 1 1 3 1 :3 1 1 :3 1 54 

88 Tomose' ZiY'anda .. 1 2 1 :2 2 2 0 a 2 0 2 0 0 2 1 :2 0 0 0 1 :3 1 1 1 :I 1 :2 :2 :3 :2 1 1 1 :3 :2 36 
89 Tshatani Zanele 1 1 1 2 1 1 1 1 1 1 1 :2 1 :2 1 1 1 1 2 1 :3 1 :3 1 :I 1 1 1 :3 1 :3 1 1 :3 1 26 
90 Vokozela Bongiswa 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3 1 3 1 1 1 3 1 :3 1 1 3 1 17 
91 Yen.eklle MbuleloBen 2 1 1 1 :2 1 1 1 1 1 1 1 2 1 1 1 1 :2 1 1 :3 1 :I 1 :I 1 1 1 :3 1 1 1 1 :3 :2 25 
92 Zarnxaka Thobeka Ethel 1 1 1 1 1 1 1 1 1 1 :2 1 1 1 1 1 1 1 1 1 3 :2 :3 1 3 1 1 1 1 1 :3 2 1 1 1 18 
93 Zazela Mzoxolo 2 2 :2 :2 2 2 2 1 2 2 2 2 2 2 1 2 2 1 2 1 1 2 1 2 1 :2 1 1 3 2 3 1 1 ::I 1 49 

No. of Os: (; 0 /1 1 3 " 5 8 7 1 2 3 5 4 7 0 4 27 8 ,'I 4 4 4 4 ,'I ,'I 5 /1 7 7J. 7.l 8.1 6.1 6.l 6 
NO.offs: 41 35 68 46 44 52 64 62 45 53 48 41 42 47 111 40 51 49 51 57 24 47 7 50 15 68 64 115 20 64 
no. of 25: 47 68 19 41l 46 38 34 23 41 33 43 49 46 42 25 53 38 17 34 24 0 34 0 20 0 25 21 21 0 27 
No. 0(35: 2 115 5 82 4 75 4 2 1 Illl 4 
No.of45: 7 0 3 0 15 0 3 1 0 0 11 

Page 2 
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nNo. of as: 2: a 5 1 a 2 2: 6 6 4 1 a 1 2: 1 1 2 42 5 a 2: a 1 6 a a 3 60i ··151 No.of1s: 44 30 62 39 36 62 51 55 40 66 37 39 40 50 48 43 45 29 56 64 26 45 17 50 12 50 56 37 26 46 26 49 $i 
no. of 211: 33 49 12 39 43 15 26 18 33 II 41 40 39 27 30 35 32 8 18 11 0 32 a II 1 23 111 40 1 30 a 26 18 0 21 
No.of3s: 1 51 0 61 0 66 2 0 a 51 0 53 3 a 62 0 
No.of411: 3 0 2: a 14 a 4 1 01 01 01 al al 01 al 0 
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APPENDIX 4 

Most Familiar sketches Response Questionnaire 
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APPENDIX ,4: Most Familiar \o:1r .. <tl"h,,,,,,, 

Name: ................................... . 

Interview Question: Which of the following malcalte 
introduce the theorem? 

1. ANGlES SUB TENDED BY THE "-',,"JlV]""" 

2. THE ANGLE AT THE CENTRE 
THE ANGLE AT 

3. THE EXTERIOR 

that was used to 

SIZE OF 

EQUAL TO 

4. AND A CHORD IS EQUAL TO 
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APPENDIX 5 

Summary of Interview Procedures 
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I APPENDIX of Procedures 

following a in terms of venues, noise, indistinct responses 

and transcription time interview: 

RAFULA 
Esangweni venue very 
Rafula slightly 
took approx. 3.5 hrs 

MANGANI 
.. Not as noisy as interview took 
.. Mangani spoke fairly except for when she could not pronounce a 

word, she would become very indistinct. 
.. took approx. 2.25 

VUYOLWATHU 
.. 
.. 
.. 
.. 
.. 
ZAMEKA 
.. 
.. 
.. 
.. 
NDZILA 
.. 
.. 
.. 
RUSHANA 

LANCE 
.. 
.. 
.. 
.. 
.. 

Lots of noise . 
very indistinct. 

10 and 
Took very long with Q8 . 

approx. 3.5 

Student quite clearly . 
questions dealt with . 

Lots of in '''' ... ,,''' . 
Took approx. 1.15 hrs . 

11-

Student indistinct, only now and again . 
Venue slightly noisy 

approx . 

was no sound 

very hardly any background noise. 
speaks clearly, but a lot and sometimes swallows words. 

to work out is being asked for. 
Took approx. 3.5 hrs. 

Background fairly quiet (some noise now again) . 
Student speaks alot while out his answer. 

interview was 
disturbances 5 phone calls . 

speaks and slight accent (sometimes indistinct) . 

1 
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• 

. REPHWAAI 
• 
• 
• 
• 
• 

BRONWYN 

• 
• 
• 
• 

SHAKIER 

• 
• 
• 
• 
• 

• 
• 

• 
• 

RASMEN 

• 
• 

LUVUYO 
• 
• 

• 

• 
• 

approx.3 hrs. 

This interview went quicker than 
Very 
Student "1-1"'''''"'' 

questions 
Took approx. 2. 

A very long 
Venue quite noisy, especially at 

s one. 

thinking audibly. 

Student softly at and very indistinct 
approx.3.75 

Venue fairly quiet. 
Student too softly at 

questions handled. 
Last last two indistinct. 
Took approx. 1.5 MS. 

Venue noisy at interval. 
Student answers affirmative mainly 
sound. 

"umm", denoting 

sometimes too fast, but was quite clear (audible). 
Took approx. hrs. 

Venue very quiet, except for a particular n.,.,..1('\r! of noise which was short 
lived. 
Student very confident quick to answer. 
Interview 

Venue fairly quiet. 
Student eager, sometimes over enthusiastic, answers quickly 
and fun confidence. 
Speaks clearly, but fast and tends to mumble while working out answers. 
Interview shorter than previous one. 

questions handled. 
Took approx. 

2 
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MZOXOLO 
• 
• 
• 
• 

GCOBISA 
• 
• 
• 

• 
• 

SPHOKAZI 
• 

• 

• 

CIKIZWA 
• 
• 
• 
• 

ETIENNE 

• 
• 
• 

• 

WARDA 
• 
• 
• 

Venue quiet, some talking in background. 
Student very low, deep voice and one has to very carefully. 
A 

hrs 

Venue quiet 
Student speaks at 
She it difficult at 

and again indistinct sometimes. 
herself words, so uses 

instead. 
Interview shortened because 

approx. 1.85 

fairly (one can hear movement, voices and In 

background, at times, not too bad. 
Student clearly at but toward became a bit indistinct, 

she was not sure answer. 

Venue quiet for certain short periods. 
Student spoke clearly, too fast at times. 

1'1''''' ........ 1'''''11 answers immediately. No pauses. 
Took approx. 2.9 min. 

student indistinct. 
3.15 

Venue fairly noisy. 
Student is soft spoken and can hardly be at 
transcribing take than is necessary, because one 
something a few times before it becomes more clear. 
Took approx. hrs. 

Venue but not as as previous student 
Student quite clear, although at times indistinct. 
Shorter interview than others. 
Took approx. MS. 

3 

making 
to listen to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

SONIA 
Venue 
Noise only up in last 10 minutes of interview. 
Student speaks clearly and confidently. 

obviously knows her work. 
Answers promptly, reducing waiting time. 
Took approx. 2.1 

4 
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Interview Transcriptions 
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APPENDIX 6: Interviews 

nr •• ,,,,.,h!,, for all the 
the students for 

int.,rvi,ew.,rI and the reliliOnj[s) 
wil.linjgne:ss to 

Tr"n~"rintions start with the 
to the 

INTERVIEWl 

Researcher: to You said a qUl!.dIiIatl~faI is a 
Rafula: Yes, 
Researdlier: And you said: four 

understand 
RaCula: That is what I understood by 
Researcher: ... that all the 
Rarula: That it fOUf sides. 
Researdaer: So this is sort one case? 
RaCula: Yes, Sir. 
Researcher: That's ... and then further on ... you know the theorem to 

"the between a tangent and a chord is equal to ... the vertical 
mean by that? 

Researcher: 

Rarula: Yes. 
Researcher: So you don't mean that to the inh'.r~.,,,til11> noise in 

, RaCula: No, I 
Researcher: 

mean 
that's fine, that's fine ... The last one here 

the diameter is equal to the 
segment. So what do you mean by that 

SILENCE •.•.•• HANDBELL RINGS IN BACKGROUND 

a mangle are supplementary 
up to ... 180°, 

RaCula: ... 1800 

The 
same 

of 
add 

• 1 

1_ 1 ~ . ----, 

Researcher: Ifthis theorem is a problem "the 
do you think the answer to that is? 

subtended by the diameter What 

Rarula: Don't want to go so that I can see it? 
now .... 

Yes. 
Researcher: And that one 

it also links up to 
That's the one you 

Rarula: Yes. 
Researcher: we're 

the end ... 

Rafula: Yes. 
Researcher: (r",f"rr;no 

to that one (points to Q2.8) and 
of the same theorem ... 

ask me that one again at 
that won't cause some 

evervthinl!: went well there. 
responses there 

question is true 

and the subtended are the same ... 
reason, there? 

reason ... [NOISE SO LOUD THE REST OF THE 

Researcher: ukay, so 
Barula: Yes, I 
Researcher: 

RaCula: 

Researcher: 

Rafula: The correct value for x 
Researcher: and 
Rafula: Because add 120 
Researcher: Okay, ... and 

or do differ? 
RaCula: The sketches are the same but 
Researcher: Okay, okay, so that's 
Rarula: Yes. 

''''-'''''-'0 to students' response in 

would this one be false? 

I think it is because ... there it is not stated 
of sketch with I don't see ... I 

only 60 

You said its 
what would the 

same 

put it, is not the same. 
the one is true and the other one is false? 

Researcher: that's fine ... what about Q3 ... How did you go about an!!Wflrin'l? 
that one ... You said it is false. By the way, are you familiar 
with these Qt ... have you seen those before? 

Rafula: Yes, I have seen ... 

2 
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says that x is to 
because x is to Q 
will your reason be? 

you said 50 there ... 

... What strategy did you use to answer that 
How did you go about 

••••• sileDce 
I think here, I made a mistake. 

Researcher: Oh! you made a mistake ... and what do think your mistake is? 
Rafula: I think that my mistake is that it is true, that x 50 
Researcher: And, and your reason? 
Rafula: This reason here to the is correct ... is correct. 
Researcher: So, not happy with your answer? 
Rafula: Yes. 
Researcher: LOUD NOISE IN BACKGROUND]. 

~OM.~~:.~n that one? fLOUD TALKING AND 

Researcher: all the 
Rafula: No, not all the 

which will be given 
Researcher: ... and tell me, the line 
Rafula: Yes, it is called a 
Researcher: " .. ,,, .... ,,t.) you said it 

Researcher: 

to the 

Researcher: 
Rafula: I know 

3 

.j 

1 
Researcher: And the reason there? to reason next to the Do you agree 

with that reason? 
Rafula: Yes, I think that is ". I agree with that reason. 

and 180 is a half of it. In cut it 
on 180 Dlus 180 

Researcher: 
are supplementary 

Rafula: Yes ... 
Researcher: What does SUI)pl~~m;entary 
Rafula: It means that 
Researcher. 
Rafula: Yes. 

agree ... 

ofa 

that is a 

Researcher: Alri~ht, lets go onto no. 8. How did about answering that ,.." .. ",." ... ? 

the have you seen this ... are you 
Rafula: Yes, I have seen 
Researcher: And did your teacher emphasise that sketch? 
Rafula: Yes. 

." How did you go about that one? 
so we are told there that x is 65 

I thought of this 
... so they are equal. 

Researcher: are equal because they formed a Z? 
Rafula: Yes. 
Researcher: how you went about that one? 
Rafula: (mumbles a I don't think x is 25 (LOUD 

TALKING AND LOTS IN BACKGROUNDl 
Researcher: and why do you say so? [VERY LOUD NOISE) 
Rafula: Because X must be, must be two times (indistinct) '" so that (response drowned 

out loud in ... is a centre ... (indistinct). So I 
don't this statement is true, is it is false. 

NO TIME DID RESEARCHER LOUD 
TALKER/SPEAKER IN BACKGROUND TO LOWER VOICE OR 
BEQUIETJ· 

Researcher: so you want to use the 
Rafula: Yes. 
Researcher: ... good! ... Lets see 

ab out that lIut;~lI'un, 
Rafula: When I read that statement and saw 
Researcher: Okay, so you agree with that ... 

Rafula: I have seen it before, 

at the centre? 

Researcher: And 1. Why do you think that it is true? 

I say that is true. 
seen that 

Rafula: (mumbles something about x 82 degrees ... Here I think this is a little 
x cannot be equal to this anJ;!:le, x is equal to ", I 

4 
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__ ~ __ ~_L ~ 

to the I must go to find . __ 

Researcher: 
Rafula: The 

T? 
between the 

Researcher: To 
Rafula: Yes, !.think so. 
Researcher: Okay, we look at Q 12. How did go about that one? 
Rafula: SOUND OF ... I said that x is 70 because 

because the chord ... the A and x are subtended 
and your with that reason? 
with it. 

you reason that its true . __ how did ... how did you do that? 

reason is true because it says tangeats drawn from common 
to because 

are the two tangents? __ . if we go back to 
said drawn from a common are 

correct, and ... check ... also you said a tangent to 
circle is a line that touches the at one 

Yes, Sir. 
R"""",ri'l."r! So would you still with what you said? 
Rafula: No, I don't agree with I said I don't agree (noints to the sketch) ... here is 

a tangent to line 
Researcher: many are there? 
Rafula: Here are two tangents .... I the other one is this one (voints to line 
Researcher: so you would say that SQ is a 
Rafula: Yes. 
Researcher: Okay. that's fine .. , then lets look at no. 14 

true. How did you go about answerine: 
of the two lines ... this ... I 
goes like this and it turns here 

one because that forms a Z. 
Researcher: So it formed a Z again. 
Rafula: Yes. 
Researcher: So that's wily they are 
Rafula: Yes. 
Researcher: And the reason that we use? 

to 

Rafula: !Mentions __ . (a bit mUISUI~C1:J r...., ... .archer's ~ student refered 
to alternate 

Researcher: So you agree with that theorem. to reason in 
Rafula: Yes. that theorem is correct, I don't know how to 

to sketch) ... that is why I use that ... 

5 

Researcher: show you a mechanism fur this to the 

your reason there ... 

Rafula: I 

Researcher: _ 
Rarula: Its ADEF and 
Researcher: No that's the one you 

with the reason there exterior to the interior 

Rafula: Yes 
Researcher: no. 16 is a very one. How did you go about answerine: that 

Rafula: the There I said x is to 0 . 
Researcher: And you said at the centre is equal to two at circumference. 
Rafula: Yes 
Researcher: So you 
Rafula: Yes, I used the 
Researcher: Fine ... 

at the centre one ... there? 

INTERVIEW 2 (MANliAIUI 

Researcher: ... Now, the first one is ... do you think that is true 

m ..... ~; .. u •• I think it true because ... for the theorem said that angles subtended bv the 
same chord are 

Researcher: And no. 2. 
MllD~:ani: No.2 is the same to the put it like this on this side 

shows the sketch on no. 1 to be the same as no.2 just in a different -~":.:--, 
Researcher: so in this case you said it is true to the answer in 

theorem? to ... you said its and the statement to 
the theorem .... Do 

Malngllni: Ja ... I don't know 
Researcher: So you will agree 

Researcher: and are you familiar with those two sketches? Have you seen it 
befure? 

lYlangallll: Yes. 

• 

6 
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J_J.l 

Researcher: It has been highlighted to How did you go about 

to the 

with me 
to the 

that one is the same (turns 
Q2.2). 

lVlangam: 111. ... 
Researcber: what strategy did you use to say that it is 

true. 
Mangani: (points to the sketch). They ... they didn't use the arc this they used the 

chord ... so its still the same thing. 
Researcher: so it's the same ... so you don't see a difference between no. 

3 and no. 4? 
Mangani: No 

Researcher: 
Mangani: 
Res~rcher: 

Mangani: You 
Researcher: Hey? 
Mangani: You don't mind if you can tell me now what an is? .. (had 

difficulty word). 
Researcher: Oil, I can you now ... an equilateral 

sides are 

to 4, because it is the same theorem 

Researcher: 

Researcher: Okay, okay ... so isn't that a cyclic quad? 

No.7 do you 

the same chord. I think that 
When I was 

M~anl~allli: A cyclic quad touches those sides (points to the sketch) ... P, R and S. 
Researcher: Okay, that's good umm ... how did you go about that one 

(moves to next 
Mllng:ani: Q8. They say its (imjistinct 

between 
say the 

circumference so that is not 

7 

Researcher: So that's false ... 
.. , You familiar 
that qut"mu" •. 

lnanga ... ; Umm 
Researcher: You 

So 

because 0 is not at the circumference ... and 
that sketch? ... Okay. and eXDlain your 

Mangani: Because, umm .. , its is equal to the 
at the other 

Researcher: and its not x? 
Mangani: Yes, its not x x is P. 
Researcher: Okay. so you can't use that theorem to find x? 

Researcher: 

a 
angwel'ed it 

See we're almost 
"fl<lw"rino that one? 

... No.lO. 

theorem 
perpendicular to '" 

to sketch no. 
I didn't know. 

Researcher: so that is the and you said subtended by the diameter 
90 ... so which angle is 90 ll",~r"p .• '1 

Mangani: This y. 
Researcher: You mean 
Mangani: A ... A 
Researcher: Okay. so you would draw BA ... okay that' II fine ... Q H ... 

that that one is false? 
Mangani: Its ... LONG PAUSE... I think S and ... like 

s to are 180 
Sand T ... 

Researcher: said here ... exterior 
that would be Sand T 

do you 

_ on 
M~lng~lni: (Mumbles son1eti1iing 

PLANE PASSING 
not x very indistil~ct) 

Researcher: Okay, so the reason I use there ... the angle between tangent and chord 
QT is to the in the other segment ... its not 

M;lInl~al1li: It's not, because as there its not inside the circle. 
Researcher: Okay, so ifS had been there P, then it would have been. 
Mlmgani: Yes. 
Researcher: no. 12 umm ... How did you go about answerina 
M~ln2:lni: I think no. 12 ... when to ... I say 

E ... whv? (sneaks because 
A, so it is 30 

Researcher: _ 
that its false. 

MalngllDi: I said its false ... umm 37 is equal to angle S then to 
... that 37 and R are both base of the 

II 
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Researcher: 
Mangani: Then ... Sis 37 ... and the 37 degrees you can't write 37 

to make 
Researcher: Okay ... so you wouldn't with to reason next to 

of the ... in there. 
Mrullgalli: No. 
Researcher: No. 14 ... How did you go about that one? You said its true. 
M:lD~:ani: Yes, its true. 
Researcher: So. exterior angles is 

Researcher: 
Mangani: Yes. 

to the opposite 

to relevant 

Researcher: and are you familiar with that sketch as well? 
M~mgiani: Yes. 
Researcher: what about no. 15. How would you about that one? 
Miil.n!~nli: Umm ... still the same thing as 14, because er ... er ... exterior 

to the 
M~mg:ani: vu""""u" of the 

... 

Researcher: so its the same there ... And no. 
16. How did you 

M~m2iani: No. 16 ... umm ... 
Researcher: You said its true. 
M:il.nl~aDli: Okay, I said the exterior to angle in the is 

to the interior to U and R). So its still the same 
as that ... notations on sketch). 

Researcher: with me TUV is an exterior 
Manl~anli: Yes, or an a tangent and a chord. 
Researcher: Okay. great ... thank you very much ... 

INTERVIEW 3 

Researcher: ... So we can start off with Qt... 
true? (Researcher moves page for 

is 

Vuyolwathu: PAUSE ... Because er ... its because S is subtended bv the arc 
PR 

Researcher: And you would agree that the anJl:le subtended bv the same arc are 
VUl'oi1wathu: Yes, 
Researcher: That to is exactly the same as Would you agree with 

that? 

9 

Vuyolwathu: Yes, sir. 
Researcher: so there's no difference 

... and 

sir. 

to 
before? 

Researcher: Alright, 00.2 .... your reasoning for that one. You also said it was 
true. 

Vuyolwathu: PAUSE ... I think 
... that's 

twice the If angle C is 60 
then x is 

and is there a difference between no. 1 and no.2? 
LONG PAUSE .. J wouldn't say there is a sir. 

Researcher: So, it's the same? 
Vuvollw~lthu: Yes. 
Researcher: no. 3 ... How did you go about that qu~:suon. 
Vuyomathu: No. 37 ... First it's false. 
Researcher: You said it's false? 
Vuyomathu: Yes ... umm ... I said P Q T is equal to 180 degrees ... reason 

indistinct resIPonse). 

angles. (refers to 

Researcher: So ifx is 30 

Vuyolwathu: 
Researcher: You 

tmumOI"s and is asked by 

Researcher: 
Vuyolwathu: Yes 
Researcher: And that is still 
Vuvolwathu: Yes. 

... So you don't think that's true? 

explanation there? (pointing to 

10 
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lets go onto no. 4. What strategy ditl you use 
that that's true? 
BACKGROUND ••. You see, I use 

with these sketches so far? to the completed 

Vuyolwathn: Yes, sir. 
Researcher: Alright. what about Q5. 

Researcher: 

but it's a chord, that's you called it 

Vn'voI1wathn: Yes, sir. Diameter. 
Researcher: What about Q6 

_ to relevant 
You also said its true 

V ... 'n .... ' .. th, ... LOTS OF NOISE :IN ... OTHERS TALKING LOUD 
:IN THE SAME ROOM ... Anl!:le (indistinct) ... is an arc. 

subtended 
C is also 45 

to sketch no.6, as he 
Researcher: Okay. thal's fine ... what about no.7 and 

that one is false. 
VU1vol'l1lrathu: No.7 ... SOMEONE BEING LOUD IN BACKGROUND 
Researcher: Ja ... 
Vnyolwathu: PAUSE ... I think this is not a 
Researcher: That is not a 

UVIUW;lllnu: Cause this 
sketch no. 7). 

do you 

on 

on 

Researcher: fine ... Q8. How did you go about that one ... you said its 
true? 

11 

•• 

V"·., ... I,,,,"th .. , I used the tan chord theorem. 
Researcher: You used the tan chord so then you agree with that statement, 

there to reason of sketch no.S). 
VmroIW'lllth:n: PAUSE ••• Yes (LOTS OF NOISE- NO ONE ASKING THAT NOISE 

STOP ... 
Researcher: 

Researcher: Okay, so you agree that, that that is ... 
True. 

R .. , ... !lI .... ~ ..... • You still agree that it's true? 

i:>VU1'I.IJ'i:lIASIF 

out the 
one ... 

Researcher: confused now because you realising that those are not the same 

Researcher: 
to 

therefore angle 0 
is equal to twice the circumference ... TAPE SOMEHOW GOES 
:lNAUDmLE FROM THIS POJNT TO Q12. LOTS OF GESTURING 
ON TAPE, BUT NO SOUND. 

Researcher: starts again) ... ... what about Q12, and agam, you are 
familiar with sketch ... you've seen it before? 

VU'voI1IVathu: No ... 
Researcher: No ... Q12. How did you go about that one? 

LONG PAUSE .•. LOTS OF NOISE IN BACKGROUND 
Vuvolwathu: I think the angle which is in the alternate segment is A ... I used the 

between tan and chord subtend eoual amlle in 

12 
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~t:!$IIIt:m, so A is in alternate ALONE TOOK 10 
TO DECIPHER HELP OF RESEARCHER. 

STUDENT WAS EXTRE:MEL Y INDISIDT£'T'\ 
Researcher: so you will agree with this statement 
Vuvolwatbu: Yes. 

flne ... and you with the strategy you used .. , the way you did 

Researcher: Is not ... so therefore the reason is not correct? 
Vuyolwathu: Yes. 
Researcher: .. , What about Q14. How about .no'w",.;n" 

that is false? 
not a tangent. 

Vuyolwathu: intently at page) ... . .. STILL NOISE IN 
... SOUNDS OF YOUNG CBJLDREN PLAYING ••• 

and where's the interior? 

that is correct. there's wrong there? 

Researcber: 

Vuvolwll.thu: 
how did you go about answerin2 that one. ,. 

... sure? 
Yes, this ... the at the alternate segment is x, 
therefore x 

Researcher: So you agree with statement? (refers to 
Vuyolwathu: No, sir ,., 1 do not with it. 
Researcher: You don't because here we said the exterior amde of a 

ill. is to the interior 
Vuvollw~ltIlllI: U is interior , .. I mean the exterior 
Researcher: U is not the exterior '" fine , .. grea~ that was 

13 

INTERVIEW 4 (ZAMEKA) 

Researcher: ... Now the first one is ... 
think that was false 

Zameka: NOISE IN BA.~:Glt01JN][), 
this side 

cir~~ufllferenc;e, therefore x should be the 
and no. 2. You said its true, so you agree with the 

statement. 
Zameka: Yes. softly). 

are these two questions the same? 
toward her) ... Yes, " 

do 

and you're familiar with those questions, I mean with those sketches 
seen it before? 

{",fen-in" to .. , that is true ... 
gotoQ7. 

Zameka: 
Researcher: 
Zameka: 
Researcher: :speak: a 
Zameka: sir ... this is not a because this sides are not Ivin2 on the 

Researcher: so that is because that's not a cyclic quad.. I'm 
that ... what about ... umm ... How did you go about answering 

one. 
NOISE AND TALKING IN BACKGROUND •.• 

Zameka: PAUSE (mumbling 
Researcher: Cause you see, wrote so that's I want to see wny you 

said it was false. 
LONG PAUSE AGAIN ••• STILL LOUD TALKING IN 
BACKGROUND 

Zameka: Okay. sir ... this angle 65 there to the relevant in is 
a tangent and a chord. That statement, this theorem says an 

between a tangent and a chord is to the angle in the alternate 
segment, but 0 is not an alternate segment. 

Researcher: Is not on the ... circumference? 
Zameka: (student repeats what researcher 

so why its false ,.. . .. Q8 meant no. 9) 
.. , How did you go about one? 

Zameka: (Student moves page to see , .. PAUSE , .. LOUD MALE VOICE IN 
BACKGROUND ••• VERY PAUSE ••• VERY NOISY ... This 

B to on sketch 9) should be 25 
Researcher: (reloea,tin2) An21e B should be 25 degrees and whv would 

Zameka: Because'this (referring to T) should be to that one to 

14 
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Researcher: And what reason would you use? 
Zameka: The between a tangent and a chord is to the alternate segment. 
Researcher: in had x B, then that would be true? is that what you 
Zameka: Yes .... LOUD VOICE IN BACKGROUND 
Researeb.er: Okav. ri}l;ht ... okav ... }l;ood ... LOTS OF NOISE ... 

2) 
Zameka: Yes. 

seen it before 

do you think that 

think it is true? 

is true? 

... VERY WUD NOISE ••. 

a tangent, sir. 
Researeb.er: S ... x 
Zameka: Is not a tangent ... is not an between a tangent and a chord. 
Researcher: so where should x been? 
Zameka: NOISE ••• to sketch. Here... to 

NOISE IN VERY 
(reiiP.rrinl1 to So why do 

should be the angle between the tangent and 
theretiore eaual to 

and chord should that one (refers to 
... Okay and Q13 ... said its false, lets see 

Zameka: PAUSE ... LOTS OF NOISE IN BACKGROUND ••. Here are not the 

Researcher: 
Zarneka: PQ and 
Researcher: Are 
Zameka: Yes ... is not a tangent. 
Researcher: is in Q14 you said it's false ... and your 

reason? 
Zameka: PAUSE •.. Okay. 

because this to V), this exterior is to all T. 
Researcher: The whole 

that one? 
Zameka: Pi\USE ... toward her to see ... SOUNDS OF TYPING 

AND DOOR BANGING IN BACKGROUND ... Anrde U 
is not the is the tangent, therefore angle T should be to S 1. 

Researeb.er: Should be eoual to S 1 so the main is, that that is not the 
to the given 

Zameka: 
thank you very much ... 
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INTERVIEW 5 \l'l .... ~J 

this here, the very first one to 
do you think that one is false? 

Ndzila: Umm ... it is false because this angle is the circumference and this one 
is the centre, so I must say the centre is twice the at the 
circumference, so this statement false. 

now if that was the case, then what would x have been? 
at the centre, umm ... it would be 80 degrees ... x (pointin~ to 

.. (indicating S on the would be double that 

N dzila: It's 
Researcher: Which one is double? 
N dzila: indicates 40 degrees). 
Researcher: That one is double S? 
Ndzila: Yes. 
Researcher: So then x would be what? Will be 80 
Ndzila: x will be 80 

or is it the other way round? 

... No.2 ... you said its true. Researcher: Okay ... we will come back to that 
Alright, so ifits true, then it means 
of the at the circumference 

at the centre is twice the size 
... Are those two sketches the 

same? to Ql and 
Ndzila: Umm yes. 
Researcher: so you don't have a before 

f.~,''-'; __ to the sketches 

umm ... you said its false ... why do 

Ndzila: 

Ndzila: 

Researcher: Okay, and then? 

whispering to nerselt) ... umm ... 
at the reason that you gave. 

to workout answer, to sketch now 

think you went about it, I see a hundred there 
in on centre 

(r .. f .. rr;"a to POD. so these are '" angles 

Ndzila: Umm ... I don't know ... LOTS OF NOISE IN BACKGROUND ... PAUSE ... 
Researcher: ... lets go onto this one to ... No.4. . .. how did you 

go about solving that one to sketch no. 4) ... What strategy did 
you !lse? 

Ndzila: Umm angles subtended bv the same chord are 
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1 
.... -..L. 

Researcher. so you used that one .... are these two the same? (referring to 
3 and 

Ndzila: No .. , 
Researcher: What's different? 
Ndzila: Because referring to P on sketch 3), this line touches the circumference ... 

this line to S in Q3) is just ... so that's 
Researcher: Okay, so main reason one (referring to 03) was false? 
Ndzila: Yes. 
Researcher: ... now lets go onto ... you said false. do you think that is 

Ndzila: Well ... this is not a ... umm ... because a cyclic quad .... must be on 
the circumference ... four ... . .. Here, there is P, S and 

Researcher: 
Ndzila: Yes ... 

Ndzila: (""hi."",rin 

Researcher: 

Researcher: 

Researcher: 
Ndzila: 

Researcher: So, 
Q7, 

Ndzila: Yes, sir. 
Researcher: 

so that's 
o should be on the ... circumference? 

so there isn't a difference between the two? 

... that's fine ... What about 
serlterlce) ... and you 

IJ.lUU""');I to 9 but not 
seen that sketch 

and that one \j.lUUlUU);I 

... and the are familiar with those as wen? 

(referring to the reason next to the 

and 

so 

don't agree with that 
no. H). 

(mumbles in..,nhl'!r"",t) 
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Researcher: It 
Ndzila: No ... I 
Researcher: 
Ndzila: Yes. 

agree. 
... so you 

between the tangent and the chord ... 

the exterior of a 

Researcher: ... What about no.12. You said its 
what strategy did you use there, or how 

Ndzila: 

is here (~""rd~·;ftn 
this one 

Researcher: that's 
Ndzila: Yes. 
Researcher: So the 

to the 
N dzila: Yes, sir. 

and a chord is 

Researcher: that's fine ... and Q13. What is your for that one ... you 
... OR is not a tangent ... you agree that ... Why is QR not a 

Ndzila: QR? ... is not a must touch a circle at one pomqreterrmg to 
sketch 13) here to here to 

Researcher: so it's not a tangent ... that's fine ... How did you go about 
"''''w''' II'~ that one? 

angle is to the interior 
Researcher: ... and you've applied the theorem correctlv? 
N dzila: Yes . 
Researcher: Okay, so you, so you don't see 
Ndzila: No. 
Researcher: You haDDv with that? 

wrong, there? 

Ndzila: Yes . 
Researcher: false ... and then you said the reason ... is the 

between a and a chord is equal to the in the alternate 
segment ... Now ... GEa 

Ndzila: No ... it's not a tangent. 
Researcher: So that's not correct that you filled in there? 
Ndzila: Yes. 
Researcher: ... so, what do you think? ... So I've said that its 60 

reason, would you agree, or not 
Ndzila: Ja '" the exterior is equal to the 
Researcher: So you will agree that it is ... true? 
Ndzila: Yes. 
Researcher: ... and there isn't a ... is this 

... number 14 and 15? 
Ndzila: No ..... PAUSE 
Researcher: What do you think is different? 

the same? ... 

and my 

toQ14 
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, 1 
is not reallv oDoosite to 

Researcller: so that wouldn't be true then ... to the reason 
Ndzila: Yes. 
Researcher: So it will be false? 
Ndzila: I think 1.10. 

Researcller: That its false ... so would with your answer, there ... (r"fP.Trino 

to answer given in sketch! reason 14) as true? 
said it is true, but then its ... (re:sponse 

see, in the to te:st 1) you had the 
14, are 

Ndzila: I 

are ... and then what about 

Researcher: 
Ndzi.la: Yes. 
Researcher: now where's the interior opposite 
Ndzila: What about this one ... (pointing to Z) on 
Researcher: Z 
.Ndzila: No, T. 
Researcher: T, but not x or T and x? 
Ndzila: X 

Researcher: x? 
Ndzila: Yes. 
Researcher: so that's correct (pointing to the sketch) ... so you go back to your true 

statement. 
Ndzila: LONG PAUSE •• , that is true. 
Researcher: Okay. no that is fine ... lets go to the last one. 

answerina that one? and you said v"rij,..~II" 
Tell me how did you 

Ndzila: (uTh;"n,,"n~ 

so {pClmting to reason 
say 

Ndzila: I I do. \liUunueo 
ofa You'll agree with that? Researcller: So, 

Ndzila: Yes. 
Researcher: so then that will be similar to theses ones? ... number 14 and 151 
Ndzila: Yes. yes. 

to 
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Researcller: great. 

INTERVIEW 6 (.KU3HAl'1AJ 

Researcher: look at Q7. There 

when I went ... {indistinct 

Rushana: yes. 
Researcher: you realise what went wrong there? 
Rushana: Yes. 
Researcher: Do you still with what you said? 

it 
figure 

Rushana: No (laughs) ... are the circumference on the circl~. 
Researcher: So then it's not a ... cyclic Fine ... what about question ... umm ... Did 

that sketch pop in Did teacher show you something 
like that? Are you 

Rushana: With this one? 
Researcher: With no.7 ... Have you seen a 
Rushana: Yes 

like that before? 

Researcher: Okay ... and Q8 ... umm, how did you go about answering that one? 
Again your response was true, 

Rushana: Yes, umm ... the between the and tangent equals the in the 
segment. 

Researcher: still with what you here? 
Rushana: ... I should also touch circumference of the circle ... I'm 

Researcber: . 
to the centre of sketch 8) ... O. Rusbana: This one over here 

Researcher: Okay. because check the statement you had correct, 

Rushana: Umm ... 
Researcher: The angle between a tangent and a chord is to the 

segment, (turns page) .. , and DE is a tangent you see, 
as well ... 

circumference. 

2Q 
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1 

"1 

Researcher: 

Researcher: 

Rushana: Yea. 
Researcher: How about Q9, now 

said its 
Rushana: Cause this is 

the 
Researcher: 

Jl J 

on. What I want to 
class? Have you seen 

with a lot of others. 

You also 

Uin 

but we want X, so 

segm~nt. 

and solve it, what do you think vou'll do? 
Rushana: (mumble 
Researcher: I 

nrobablv trvint:!: to work out the 
now? 

Rushana: can't see this ... now. I think its the 
so then if ... let think ... this is the 
~ 00, 

one to me? 
Rushana: PAUSE ... I don't think its true because the isn't in the circle. 
Researcher: which 
Rushana: PSQ. 
Researcher: So must be ... in the circle. Is that what 
Rnshana: Umm ... (al!:reeinl1) 
Researcher: then that would be 82 
Rl.Ishana: Yes. 
Researther: fine and Q12, how did you go about that one .. , you said true 
Rushana: Umm ... (aO'rp.p.inu) 

Researcher: at ... a strategy. What strategy did you use? 
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SOlmeitlul~g, cannot 
ImllmlliCS sonneuung indistinct, and 

Researcher: 

Researcher: 
Rushana: Umm ... 
Researcher: rest ofthe part where it says 

common 
Rushana: Yes. 

... do you agree with 

Researcher: Okay, now do you agree that is a 
Rushana: 
Researcher: Is 
Rushsna: Yes. 
Researcher: 
Rushana: A line that 
Researcher: And 
Rushana: No ... '''''J'''''''''~I. 
Researcher: It cuts ... two 

now would you 
Rushana: No ... 
Researcher: 
Rushana: This angle over 

t037 
Researcher: ". and your reason? 
Rushana: Because QR. SO it's an isosceles 
Researcher: PQ QR. 
Rushana: Umm .. Jagrees), So that this means that this 

Researcher: Dt:Cl1U8t:, with the statement 
to 

are in the same 
this one, is the 
at C), that's why it 

your mind now? 

let me see now 
QRne. 

drawn from a 
statement? 

on sketch ... So 

do? 
that will also 

here are to 

PQ and QR is equal 

Rl.Ishana: ]a ... I have no idea how to solve this one because the only from 
there (ooints to given 57 degrees). its not like that other one, you could see 

22 



University of Cape Town

I 
I 

Researcher: Yes .. , so what you could do ... is ... that's the \pV"'U"8 

between a tangent and a chord, so that would be 

Rushana: Yes. 
Researcher: . .. using the tan/chord and then since this is an isosceles 

and then you can get to the 

so then it 

Rushana: 
Researcher: 

THE 

Researcher: Now, I'm 

RUlihana: No. 

(p()inting to angle at ... This one over here is 

Researcher: 

Researcher: So. so this would then be the between H'~" ...... ", amde57 
... the and the chord, 

Rushana: This one would be 57 to 
Researcher: Yes... ". that's fine ... as 

the exterior (pointing to the 
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INTERVIEW 7 ~LAl'\..J!.J 

Researcher: 
Lance: 

states 
to the tangent. 

Researcher. ... to ... so vou iust misinteroreted it? 
Lance: Ia. 
Researcher: Ql. You said was true, would with that still? 
Lance: No, the touch the circumference or does not mention 

to So it cannot be in the same there. The 
states that in the same segment ... but then it had to touch the 

circumference 
Researcher: Okav. so vou then ... So what would x be now? What 

value 
Lance: PAUSE ••• 

well then x would have to be 
at the circumference. 

Researcher: so it's definitely not but its the angle at the centre thals 
twice the size of that one. 

Lance: Yes. 
Researcher: Alright, fine ... 

the two? What do you think ... are 
Lance: PAUSE err ... let me see ... it 

the at the centre and ACB 
Researcher: So yOI,l agree with that one 
Lance: Ja. 

and is there a link between 
I.(U'''''uuu" the same? 

to sketch 2) AOB is 

Researcher: fine and tell me, are you familiar with those you've seen it 
before in class? 

Lance: on numerous times . 
Researcher: ... now Q3, how did about answering that one? 
Lance: I guess I used the same which was as I did with 

because S on sketch 3) it did not touch the circumference of 
the was my I guess. In I think its true, sir, 

Researcher: so if S had been on the circumference, .. 
Lance: Then it would have been 30 _ _ 
Researcher: and in should ask you whafthe value ofx would be there? 

x would '" 
Researcher: You must calculate." 
Lance: 60 dewees. ". 60, 

how do _ 
Lance: fast and ". is twice the 

at the circumference equals 30 
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but it can't be at the centre,oould it, ... because the points of the 
centre of the 

Researcher: Only 0 is the centre of the circle. 
Lance: Ja, so I think that's ... can'the that 
Researcher: I mean, you understand why it can't be true? 
Lance: It can't be true, 
Researcher: great ... what about question 4, that went ... Q6 
Lance: Q6 ... 
Researcher: Did you have a strategy for to true there? How did you get to that 

one? 
Lance: Ja, I think its the two dots method, that we learnt at camp ... umm where we 

would two dots on the chord to the sketch) and then 
would move it up to the circumference that left with at 
the circumference you would say, that would be subtended the 
same ... I guess. 

... Q6 and Q4, is it the same? 
could use the same method there. 

about Q7, you did it was false, and then you said x = 55 
so what I want to how did it? 

Lance: that's the at to 110 
for the anele (referring to 

Researcher: is 55 (rpf'''''''';na 

to 
Lance: ... 55. 
Researcher: And how did 

110 

Lance: But, but ... then 0 should be 220 
Researcher: It should be 220. two? 
Lance: Ja ... 
Researcher: that's fine... said true? Do you still agree with that? 
Lance: No, its of the main that the point is not on the circumference. 
Researcher: So must be on the Are you familiar with those sketches? 
~~ . 

Q9, you just said false, can you go 3 little bit further? 
Ja ... umm ... Well the reason have here, is between tangent 

and chord equal to segment and indistinct, 
almost to Well ... my reason for false in the 
exam was, because I felt B was the opposite angle instead ofP. 

Researcher: So B would be the angle in the 
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Lance: J3 
Researcher: 
Lance: Ja .. , B, as for the value ofx ... I don't know. My reason was false, but I'm not 

too sure what the value of x was. 
Researcher: that's what you could do to find the value ofx 

you remember the theorem I asked you ... that one '" the radius, .wMr".vnn 

said ... 

Lance: Ja, that 
90. 

Researcher: Ja, and then 
Lalllce: Yes ... x ... 
Researcher: Okay... so that's Q9 ... the Q1O, how did you go 

Researcher: 
Lalllce: To 

Researcher: 
Lalllce: Ja ... 

about that one. Cause I see you gave a nice 

same answer as x 
was much 
paper to get to ... 

same answer. The 
circumference. It was kind 

at circumference ... that's 

want to 

at the centre is twice the 
the anele at the centre, the 

it was false in the 

you went that route to get to the answer? 

Researcher: If you now relook at the answer, x is 30 and the reason ... 
at centre is to 2 at circumference. Would you agree with 
or is it still cOllfu:sinl~1 

Lance: Well, in the exam I saw that it now 
to look at it and see that its an at the centre 

Researcher: Okav. and then vou went for the other ... that's fine. What about Qll. 
was false? 

Lance: Qll? to because I did'nt see S as in 
one of the other in the segment. 

Researcher: what I'm intiere~lted 
Lance: False? 
Researcher: 1a ... can you explore that one for me? 
Lalllce: As I said T is actuallv 82 degrees. I saw T as 

in the segment and here we're 
to reason no. H) ... I decided to go for 

obviouslv can't ... 
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Researcher: so you agree that T is the in the other segment. 
Lance: Ja ... 
Researcher: And would that be the same as in 
Lance: Ye!;. 
Researcher: Is it the same slrat ... ."v? 

Lance: Ja ... the same. 
Researcher: the same? 
Lance: Ja. 
Researcher: alright ... in 12. How did you go about 
Lance: Okav ... x eauals 57 degrees. Well you can see I obviouslv 

paper here. {referring to 

to 
quad 

states that 
interior angle, it will be 
whole angle should 
because its a 

Researcher: So you said that is an exterior anJ!;le of a 
Lance: Ja .... 
Researcher: You sure? 
Lance: Or, but should'nt a tangent then run ... say on the line (referring to Ee) ... that's 

where the exterior should be. 
Researcher: Yes, okay ... so do you agree with that statement (referring to reason in 

Lance: Ia ... that would be a more anl[)m,nriatl'! 
Researcher: Okay, so do you have ad", .... ",? 
Lance: Ja, basically the same ... you get your two chord, and then you move 

to the ... and that is your answer. 
Researcher: Okay, now, can we go that strategy, would you still 

withT 
Lance: use the same 

circumference and I would get T (demonstrates on 
Researcher: But, but what's the chord ... which is the chord that we , .. fl'!rrina 
Lance: PAUSE ... QP. I'm the chord QP to get to T. 
Researcher: but that would get ... 
Lance: So you (indicates on 
Researcher: And then 
Lance: P ... , So P is 
Researcher: Okay, so a lot 

want to make 
Lance: the serlterlce) ja ... 

no that's fine. 

Researcher: You aware, .. so when you do it in an exam you can it up. 
Lance: Ja. 
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Researcher: Okay, Q14, you also said its false 
Lance: Ja, because, as my reason was although incorrect. I felt that the opposite 

of a cyclic is ... to the exterior of a quad is 
. to the 

Researcher: Yep ... 
Lance: Then it will be the whole T to T on sketch not T1 or T2 for 

that matter (breakinJ!; T into two 

that method ... so the method I 
that TV was a diameter. It mean't 

Researcher: 
Lance: Not 

They 
base 

Researcher: 
Lance: So we ... . .. 45 
ResearCher: happy with you 

assumed that TV was the ... diameter, and 
correct? That's all we wont solve the_ 

Lance: Ja ... so one of the first lessons we learnt in geometry is never to 
assume, so that was a bit rash on 

Researcher: Alright .... so that threw out the otherwise it would have been 

Lance: correct, 
Researcher: Perfect. 
Lance: it would be on the basis if TV was a diameter. 
Researcher: right '" with 016. lets see how you went 

about solving that one? 
Lance: I mentioned that its true .... ___ '--t.1.. false, 

the S or R ... when I wrote 
went for R ... , x is the opposite angle which is eQual to 57 

Researcher: So that is not the exterior angle 
to 57 

Lance: Oh the 
Researcher: But its actually the 
Lance: Ja ... 
Researcher: and a chord. 

between the 

Lance: And a 
because 

Researcher: Thats 

using the same method as I did, it will be 
chord moves up to the circumference ... 

Lance: So if S is to 57 therefore then x cannot be 
. ,. using the mentioned reason. 

Researcher: Ja '.' 
Lance: So I've obviously seen my there 

S there 

to 57 
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great. Thank you very much, 

are in the same chord. 

to that true? 
'.' I think the same it's ... like at 

a different here to 01 and 
but now.,. 

the same there (pclinting 
degrees. You me? ... So what I'm interested in is in the one test you 
said true ... in the other test also said true, but compare the two 
SK€~tCrles. are they exactlv same? 

""'I/L1I1II1o\ wrong with that one? 

at the centre ... 
at the centre ... 
the ... 

the same chord. 
(poulting to 

lets look at Q3 ... umm '" you also said true. Do you still agree with 

'" I don't think so ... 
D"Q .. ", .... f ..... • What's you ... 
Renll1wald~ ... because there's not actually here. the chord there is not touchin!! the 

to 
Resejlrcber: ... Okay. so that would mean its not I!:oinl'l: to be necessarilv 

moves ... Its true. 
Its true and what use there? 

RenthNa~li! It is the angles... are on circumference. 
R .... e ...... ~." .. • And they come from the same chord. 
UP,,,"'''''.';' Umm ... 
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Researcher: I can see 
is it the same _ 

Repbwaai: It is similar , .. to a 
Researcher: you said true. 

look at is it 

Renhwaai: PAUSE ... Ja ... yes I do, because the quad are 
to ... not to anvthin!! 

Researcher: So you agree that, that is a cyclic 
Rephwaai: Yes. 
Researcher: 

represents 

Researcher: 

Researcher: 

that's 110 and you 
must add up to ' .. 360 

Rephwaai: ) ... 360 
Researcher: ... but you not sure of the reason fur that 
Rephwaai: malce out student's response no answer to be 

. .. lets go onto Q8, to see how ... How would you go about 
that one? Do agree with true 

Researcher: 

KCDmiVaall: PAUSE ..• in , .. Ja 
Researcher: So its still true, and the reason we said 

(researcher does'nt wait for 

theorem 
nods 

RQ and chord is in the 
back to ... you see, I like 

to Q 2.8). Is this one 
same as that 

between 

Researcher:' You're sure? .. , 'you don't see any difference between the two ... 
the same. 

is 
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Rephwaai: No. 
Researcher: lets go onto 

how you went about 
said true as well. Can explain, 

R .. nhwaai: (student moves over sketch without ... Iused 
the reason here and I deduced x 25 
the in the segment. 

Researcher: 
Rephwaai: Yes. 
Researcher: 

Researcher: 
Ql 

R .. nh,,,,,,.,;, No. 
Researcher: What's different. 

OF SIREN DISRUPTS EXPLANATION 
the same theorem 

do you think that one is true? 
the same theorem that I used for no. 9. 

look at that aoolication? and that one to 

Renhwaai: This one here (refers it's the inside the 
and that one's on the 

Researcher: On the outside ... so you can't use that one so then that would 
have been to reason in Q 11) ... false. 

R"nh,,,,,,.,i· (reneats) ." false 
UKaV.anlJ those are the little you need to be aware of in the 

"n>IWp.rinO' that one? 
howl got 

, Researcher: and tell me are you 

R .. nhw .... i, la. 
Researcher: Have 
.Ke'Dm/Va~I" Ja, I 
Researcher: 

seen it before? 
seen it before ... with a different ... tmOlstmct). 

because _ 
statement, there ... 

R"nh""" .. i, PAUSE ... (sounds of children 
Researcher: ..• but I'm interested in what you 
Rellh11VlUli: (indistinct response ends 
Researcher: 
..,."u .. ' .... , ... LONG PAUSE... student moves fingers over 

his . 

that its true, 
with the 

thinking about 

Resea1l'Cher: so what I'm at is do you still agree with your statement there? 
no. 

Researcher: Okay, why not? 
Reph1lVlUli: This is'nt a to the 
Researcher: Okav. so you ... that's not correct, to answer to 

... and that one? (referrina to reason next to sketch 
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Researcher: 
Rephwaai: .. , 1 assume so 
Researcher: Now remember 

remember 
check ~nm"thina' 

KI1,nnW3lal: ... it touches the circumference. 
Researcher: ." it touches the ... 
n"""'w~"." circumference. 

... so will be a tangent? 

Researcher: touches." 
.. nllWlla.: It does touch ([)ointin.lt 

Researcher: 

Researcher: ." 
Yes. 

and are 

""lv·\VUUI,"~ to 

cut at the one 

Researcher: 
cuts there as 

Yes. 

to '" So it 

Researcher: So would you still say RQ is a tangent? 
Yes. 

Researcher: lets go onto the last one. 
about that one? 

you said its true. How would 

... beeause of the exterior 
interior 

ofa cyclic is to the 

Researcher: so you with what's there. 
reason next to 

R .. !nh'lVa~li: Ja. 
Researcher: So, that is the exterior 
Rephwaai: Ja. 

57 U"l'i'''''~j. 

Researcher: Now, ." this one (refers "12.3) you gave the 
statement which exterior to the interior 

so is there any difference or is this 
same as what you've said there 

difference. 
still agree 

57 degrees). 
that is the exterior to 

Rephwaai: must have nodded his agreement, no indication on video). 

INTERVIEW 8 

Researcher: ... The first 
with 

to 
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that be your definition ofa or is that the property of a 

and the definition? What would you 

are 

Researcher: Okay. and if! should ask 
Bronwyn: A 
Researcher: 
Bronwyn: Its a circle with like a ... to 02. n !before student can comDlete the 

sentence, researcher interiectsl 
Researcher: Like that? Yes, like you 

with the four on tne '" arcumterence. ukay, so 
about the and a property, because that was tile one 
went so now we can get onto the real quesuom! 
the is true ... umm ... what I would like to 
know from you just ... can said its true? 

Rrnnwvn: The angle ... its umm ... the to is twice the 
at the ... no! ... 
ooh junne, no, know ... umm ... butthat is true, 
reason next to sketch). 

Researcher: So when we ... (word indistinct) that that is 40 
angle 40 ... if that's 40 then that one must to 
x)... toward So you 

Bronwyn: That supposed to be 80 to 
Researcher: 80 degrees ... and your 
Bronwyn: (response too soft ... almost but researcher hears it) 
Researcher: Okay, and what would your reason 
Bronwyn: That the at the centre is twice ... No! it's ~u~'pu:st:U 

(moving onto point S). This angle at the 
degrees). 

Researcher: At the centre ... 
Bronwyn: At the centre is twice the at the circumference. 
Researcher: Okay, so picked up that used the 

so we're busy with the at the centre. What about no.2? 
you said false, ... umm ... and you said x should be ... 60 

Bronwyn: PAUSE ... lts supposed to be 120 
Researcher: So then that one would be ... true ... to x 120) ... Okav and. tell 

me are you familiar with these two sketches? (nt,inlina 

Bronwyn: I get a bit confused. 
Researcber: You get confused because they look almost as ifthev are on the same line? 

{~~l'''''''';_~ to the 

Bronwyn: Yes ... 
Researcber: ... umm because what 1 find is that a lot 

got the bookwork intact the angle at the centre is 
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twice ... and then a lot of students are 
sketch. What about no.3 ... How 
that one said its true. Would you still agree 

Bronwvn: No .... 

Bronwvn: Umm ... PAUSE 
Researcher: You, you agree 
Bronwyn: No ... it's not true. 
Researcher: It's not true ... okay 

to the ... No! 

Bronwyn: Maybe its because that to 
STR and TQP relll,ectivelvl 

Researcher: You're not sure ... and the reason that I've used there: I said 
subtended by the same arc QR Do think that's correct? 

Bronwyn: LONG PAUSE .•• visible 
Researcher: SO QR subtends 

word). 
Bronwyn: No, I don't. 
Researcher: You don't agree? 
Bronwyn: No, I don't agree. 
Researcher: Okay, why don't you agree with that. not? don't you agree 

with it? 
Bronwyn: Here's not a line drawn to 
Researcher: Okay ... you're looking at the 
Bronwyn: Yes. 
Researcher: '" so if the chord is there? Now if! say 

there, then would it be true? 
Bronwyn: No ... (laughs). 
Researcher: so why do you 
Bronwyn: Isn't it to 50 degrees? to value 
Researcher: And your reason? 

Researcber: Difficult? 
HI'l"n,lITV'" Umm 
Researcher: And ... 

about on don't say it's 

You said its true. x 50 
the same chord AB 

what strategy did you use 
one is true? 

ifI draw the 

last 

and the reason. 
... if that's true, 
you go about 
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Researcher: is that the one that 
Br~)o'l'l'Vo: Yes ... (softly, as if not 
Researcher: 

there? 

subtends ... 90 
Q7? You said its true would you still agree 

R ... ,nurvn, No ... (barely audible). 
R .. , ... " .... h .... ' Why not? 

of a semi-circle is 90 
words swallowed, 

AB was the diameter. 

Broo'WYo: Its not touching all points of a circle (indicating on the and because in 
ofa quad its to 180 (referring to the 

Researcher: _ " ........... '" to 
... that is not a 

Research,er: 80 you (pclinting to her true response 

Researcher: would you go about that one? 
Rmnurvn! I 

must have nodded no, no audible or visible 
Researcher: No ... and the reason? And you can check this is the one that you got 

to 
yes. 
we sort of applying that 80 is that correct? So in 

that one, there? is it 
BroD'WYD: won't be equal to ... 
Researcher: So you agree that what you said was true? 
BrOD'l'l'Vo: Yes ... 
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Researcher: How did you 
went astray 

that one? You said 

a 
Bron'WYo: That's 

so 

Researcher: You not sure, okay. ". and umm ... 
You don't agree with the reason that I've 
with the reason? 

Bron'WYo: Because it's not like that one to 
Researcber: Like that ... to student who 

its this one armlv there 

one 

was at P, then it to 

Researcher: 
82 degrees). 

it would have been true. 
circumference. Fine ... what about 
used interior angles of a 

you're talking about. 
that I've ... true. Do you 

you said false. 

so ... 8 should be on the ... 
You also said false and then 
is but I'm not sure 

what I'm interested in ... is the statement 
with it? and why. because that's 

tangents drawn from a common are 

got this one correct ... to Q2.9). AC and BC are 
you said tangents from a common point are 

correct ... alright. Now is that what we're usimz there. "4."fi~ .. n 

Broo'WYo: But not a tangent. 
Researcher: a tangent? 
Broo'WYo: Yes. 
Researcher: 

to touch one hx,inting to 

Researcher: 
BrOI1'WYD: ... It's false. 
Researcher: It's false ... because RQ is not Okay ... good, we're almost 

there. Q14 ... said false as well, then you said x is 39 dellrees, Can 
you 
LOTS OF NOISE IN THE HAl:KGROUND ... LOUD CHILDREN'S 

VOICES. 
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so what don't you 
Bronwyn: That its to 39 
Researcher: 
R .. ,nn~"""ll: x is to 78 
ReJl"~lrrhe .. : x1 '" but then you would 

.,. because I said x = 
interior 

I don't agree it. 

(ind:istin1ct) . ., NOISE OF 
opposite here (referrinll 

TV 

from what you did there. 

with what I said there. (r .. r"rr;na 
... the exterior 
... So you agree 

so its false ... but I'm still interested in 39 orlets put it , .. 
21 is 78 you said 78 

to on 
. that one is 78 that's not the one you're two, 

I'm sure? 
R .. nmlll'Vl~' No ... umm ... the WVTW, was it has 

Bl"Onwyn: I'd say its true. 
Researcher: True? ... 

no. 14. 

Researcher: ... tangent. 

and then I became confused. 
lets go to 1 S. I said x is 
ofa is 

'" and that ... its true because say it to 

to 60 

interior 

two, but 
two. but 
now the 
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Researcher: So TUV is a ... ag ... is an exterior Is that what you're 

now, I like to 
example on 2) ... You said there (iOidiciates 
angle of a is equal to the 

that the one we're 
Bronwyn: No ... no, ... yes .. . 
Researcher: Its the salhe .. . 

to TUV) then its 
correct, but the 
tangent, you 
between and chord is to the angle in the 
should be ... one here. to So we 

then you could ... these are base, these are 
are equal and you get the opposite angles of a 

so its a bit of a one '" but you need to 
remember that this is not the exterior because the exterior has 
one side produced. so that's the difference between the ... two. 

Rr"n,,",n you very very much. 

INTERVIEW 9 (SHAKIER) 

Researcher. ... so the tirst one I want you to look at for me is Q7. 
is true ... Will you still agree with what you 

resDonse). 
Shakier: No. 
Researcher: 

do 
(referring to 

Shakier: The must be on the circle toward 0 on the 

Researcher: On the circle ... So that is not a ... can 
understand that one went 

familiar tha.t sketch? 
and tell me, are 

Shakier: (Student must have nodded in the no sound 
what about Q8, you also said true. Can 

there? and then I need to know if you still with that. 
Shakier: LONG PAUSE ••• Because this needs to on the circle (ref min$!; to 

Oon the 
Researciler: That must be on the '" circle. 

it correct or not? 
Shakier: Incorrect, 
Researcher: Incorrect ... 

because I 

... so the application of the theorem ... is 
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... and teU me are you familiar with that sketch as well? 

You've seen it before in class? 
Shakier: Yes 
Researcher: Okay ._. Q9 ... You 

must tell me QlO. 
Shakier: Er ... I can't remember so 
Researcher: Ja ... see what 
Shakier: Err ... yes, I think I 
Researcher: Okay. 

well there. 
blank? 

the 

but I'll try. 
think may have caused a 

now you 

there. 

Shakier: Umm (referring to this is the radii (point to OA and 
OC), that is 120 AOC) ... and that means that, that 
will be 60 degrees angle (referring to base 
will be 30 degrees because to triangle AOC) is an isosceles 

Researcher: Okay, so x is 
reason I've got there, 
twice the size of the 

and tell me what do you think of the 
or not? The anide at the centre is 

Shakier: No, I wont 
Researcher: You agree Wltll that one 

to 30 in a different way. 
answer that one. 

Shakier: PAUSE._ x is not to 82 

have found that x is 
fine ... umm Qll ... 

Researcher: x is not equal to 82 ... 80 that would then be false there 
do you think ... 

Shakier: 
Researcher: Now do you think it's not to 82 degrees. 
Shakier: You see here ... here's a triangle with fingers on sketch, refers to 

SQT) ... and here's an to angle 82 
of the triangle, so x must be eaual to 

to 

Researcber: 
the 

think of the reason that I 
is roual to the amde in 

Researcher: not? 
Shakier: Because x is not on the circle. 
Researcher: ... because x is not on the circle. great. So otherwise if it 

was there (pointing to because [ see you've indicated 
that that's the angle that So it means you've applied the 
theorem correctly. Okay ... lets at ... also because left it 
blank there. What do you think ... what's problem there? 

Shakier: LONG PAUSE... I'm not sure. 
Researcher: Okay, and tell me, if you look at the reason, I said x is 

and the reason I'm is that is equal to ... and 
tangents from a common are So I want you to look at that and 
tell me ifvou think that's correct? 
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Shakier: 

Researcher: 
Shakier: No. 
Researcher: Why not. 
Shakier: Umm ... because PQ, umm ... is not one ofthese two sides that are equal to each 

other (refers to lines denoted as equal in sketch). 
Researcber: lets take it ... lets go a little bit further ... is PQ a 
Shakier: Yes. 
Researcher: Why is PQ a tangent? or the line PQ a tangent? 
Shakier: Because it touches the circle at one 
Researcber: And that is? 
Shakier: At P to P on 
Researcber: ... what about RQ. Is that a tangent? 
Shakier: Umm ." No. 
Researcher: is'nt that a 
Shakier: Because cuts the circle. It does'nt touch the circle. It like runs 

(indic;atiTllg with on 
and it cuts at ... 

(referring to it touches it 
Researcher: This is the line we're So the line touches the circle 

there to R) and it touches at S to S on sketch). because it 

Shakier: No. 
cuts at two places, can it still be a tangent? 

Researcher: No, you said that cuts at ... one Alright, and 
reason. PQ is equal to QR because I've stated, tangents drawn !:rom a 
common . 

Shakier: Are mise ... 
Researcher: So that will be false, because the one line is not a tangent, and remember 

you said that two tangents drawn from a COmmon 
to So I'm that to 
or is line not a tangent, and so that's 
false. Now lets go back to nO.14. 
LOTS OF NOISY CHlLDRENS VOICES IN BACKGROUND 

Shakier: It's false 
Researcher: And the reason why it's false? 
Shakier: umm ". this exterior 
Researcher: The whole ofT. Okay and its notjust x. Ukay ... Q16. Can you explain that 

answer to me? 
Shakier: LONG PAUSE '" No ... it's false. 
Researcher: Its false ... 
Shakier: Because this is the exterior of a 
Researcher: Umm ... name it? 
Shakier: VTU 

to 
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Researcher: VTU, that's the exterior that is not the ... and, and then how 
would you go about solving it. 

Shakier: For x. Umm this is a cvclic auad and umm ... (moves finl!:ers. indicates 
SRTUon 

"nT...,. ... " LIKE INTERVAL OUTSIDE ... You see 

Shakier: (Mumbles indistinct) 

Shakier: Exterior ... (In(iistlinct r".not'<P.! 
Researcher: They (indis1tinc:t) 

INTERVIEW 11 (SIlIERIZAIAN 

Sherizaan: 

to RSU and you got 
that? 

great. thank you. 

interesting was the first one here Q 1.7, the 
to 90 degrees. Would you 

Researcher: so realise that S must be on the circumference? 
Slierizaan: Yes, I did that. 
Researcher: Umm and tell me are seen it before? 
Sherizaan: Umm ... sound 
Researcher: with Q7. Can you that one to me? 
Sherizaan: page to able to see 
Researcher: You also said true. 
Sherizaan: ... 1 think I have a problem with the 

it has to go like that somethino 
with her ... so when I see 

.,. I alwavs get confused, because I 
that ... somebody 
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to my attention the other in that umm '" it has to touch 
like four .. , So I was it can be in the middle but 
does'nt seem to me, like that ... that's 

Researcher: Okay. remember, because defined the CYClic quad (Refers to 
four I)oints circumference of a and that's correct 

~m"nlln" ifthere's one I)oint that does'nt touch. then 

led to your response over there. So if! should 

Sherizaan: 

Researcher: 

centre 
Researcher: which 
Sherizaan:220 
Researcher: 220 
Sherizaan: So 
Researcher: 
Sherizaan: 

how would then try and solve that 
you or how would you go about 

at the 

Researcher:' so there you would use the at the centre. Fine, ... what about 
Q8. did you go about to true, there? 

Sherizaan: U mm ... I know that PQ was a right? So I 
between the tangent and a chord the one at the other ... the angle in the 
other segment. 

Researcher: and you would agree with that that's true? 
Sherizaan: Umm ... 

with that? 
not, because it did'nt touch the circumference. (laughs a 
the one that you had correct the page to Q2.7), is 

to -- ~ one 
Sherizaan: Umm 
Researcher: Are these two 
Sherizaan: No, ... because that is the at 

and this one is'nt to Q8). 
Researcher: so you with what you wrote there? 

Sherizaan: Umm 

A to 

to response in 
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Researcher. So that one would be false, 
That'll fine ... Q9 ... 
familiar with those 

because 0 is not on the circumference. 
reallOniing, there ... tell me, you are 

Sherizaan: Umm 
Researcher: 
Sberizaan: Umm .. 
Researcher: 
Sberizaan: PAUSE ... Imummes 

Sherizaan: Umm . _ 
Researcher: And you that's true ... so would 

I can't 

its true? 
Sherizaan: I know, so that is equal to that now f .6.&'h""! __ at T and U on sketch 

Researcher: To which one? 
Sherizaan: To U now ... 
Researcher: ... what, what 
Sherizaan: That between the tangent 

other segment. 
Researcher: 

are 
the VUUI~"""LI angle in the 

Sherizaan: I was indicates 0 and B on sketch 9, but fast 
and indistinct, ... LONGPAUSE ... 

Sherizaan: 

Researcber: Ill. ... no, no. Because there are a lot of other lines that's distractors and 
need to it up. Okay, but the main is for you to 
the word) states here ... LOUD OF 
OUT WORD) ... (turns ... Q 11 would you say thats 

toward her) ... I think that ifits the angle between the 
then this is the chord over there... QT) 
it would be true. 

that vou're 

one, which is the one you used to Q2.7) is this 
same as that one? (refers to QII) 
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Sherizaan: ... No ... obviously not. 
Researcher: what's different? 
Sher.zaan: See is now inside the circle to A in 2.7) and that is now outside of 

the circle to 
Researcher: What's outside 
Sherizaan: The x here 
Researcher: The x ... so ... for that to be true, the x must be ... inside the circle. 
Sherizaan: Like it had to be over here to P on QII). 
Researcher: Okay, so that would be ... 
Sherizaan: False. 
Researcher: 
Sherizaan: Umm 
Researcher: And the strategy 
Sherizaan: The same one 

to the 
umm ... 
in the other 

QI2 ... You said true ... 

Researcher: understand the difference between the two of them 
i and Q13 ... what's your rP."""'~llnl! 

Sherizaan: PAUSE ... LOTS OF NOISE, CHILDREN 

to 

BACKGROUND ... I now because PQ's a tangent, so that means 
they are like drawn from a common and their anll:les would be 
to each other on the to base 

Researcher: and 
Sherizaan: It be S ... 
Researcher. S '" now ... you said is a tangent, 
Sherizaan: Umm 
Researcher: Now, what about QR ... is that a tangent? 
Sherizaan: and moves 
Researcher: what's your definition 
Sherizaan: Well cuts the ... not cuts the circle ... it touches the circle at one 
Researcher: At one ... so 
Sherizaan: Is the 
Researcher: So that's a ... the line QR? 
Sherizaan: touchinJ2: the amde ... [ mean the circle at 

... remember its the line you're looking at, 
the line is {wing that way finger over line from Q to 

Sherizaan: 
Researcher: 

I've 
the 

Researcher: So that 
Sherizaan: Umm 

that QR is still a 
its because I've never seen it drawn that way. 

(~;n';nn to sketch and like or on 

is unfamiliar to you? 
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Researcher: Alright, to answer that ... umm ... PQ is a tangent, but is not a 
tangent because it cuts at R and at S, so my reason would then be 
false? 

Sherizaan: Umm 
Researcher: Because I said because they are two tangents (reremng to 

Q13), and 
Sherizaan: Umm (agrees). 
Researcher: So that would then be false ... Lets look at Q16 ... you were well on your 

to that one. 
Sherizaan: 
Researcher: You 

there? 
Sherizaan: Umm 
Researcher: So 
Sherizaan: PAUSE ••• (whisnef!1 

so you did'nt agree with the statement that I had 

OF CHIlDREN IN 

Researcher: your there (referrin2 to 

Sherizaan: 
answer) ... I that the exterior 
would be 57 to whole then the 

ofa is 180 
said about 

radius, so sir I made that 90 
sol draw a 

Researcher: so would say are you saviDl!: SU is a radius? 
Sherizaan: No, a SU is a chord. 
Researcher: So if that's not the radius then how did you get 90 delttees. there 

to 
Sherizaan: 
Researcher: So 
Sherizaan: Umm 
Researcher: Okay, so now you is as the 

between the tangent 
Sherizaan: Umm. 
Researcher: So then that would then eoual angle UST. Would vou agree with that, using 

Sherizaan: 
in the other segment. 
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Researcher: Its fine ... but you did realise that that (refers to is not ... it 
is not the exterior 

Sherizaan: Umm 
Researcher: is, I 

INTERVIEW 12 \~;:)1".LI!J1'" 

Researcher: ... 
video on.eraltorl 
you look very at 
Do you agree that it is tme? 

and you need to talk a bit so that he 
over there. Alright, so the first qU.:SUUH. 

one, why do you think: that 

Rasmen: page toward him) ... Its tme. 
He!~earciller: Its true ... 

Rasmen: It's tme because are subtended by the same arc. So angles subtended by 
the same arc are page this way, then that 

Researcher: Okay. 
Rasmen: I don't agree .:. no! 
Researcher: So you don't 
Rasmen: Because this to 

at This one is toll ching 
Researcher: Okay, you mean the circumference? 
Rasmen: The yes. The are subtended the same arc, but is not 

Researcher: So your response was that Refers to 
you agree that your answer's correct? 

Rasmen: I got a 
Researcher: It 
Rasmen: False. 
Researcher: 
Rasmen: The 
Researcher: 20 
Kasmen: 

and if it was then what will the value ofx be? 
ofx Ithink it will be 20 degrees. 

... and your reason? 
centre is twice the 

So would 

at the centre is twice the atthe ... circumference... and 
are you familiar with this sketch. Have you seen that sketch before the 

Researcher: 

classroom? 
Rasmen: Yes ... I didn't see. 
Researcher: You not sure? 
Rasmen: Yes, I'm not sure. 
Researcher: Okay, now lets look at no. 2. 

said its 
your for that one. You also 

Rasmen: I did like the first one to Q1). I say at the centre subtended 
the same arc are ... are equal with the ... this angle over here 

x) ... So that was my mistake. 
so you did the same there? (refers to 
the same the is 120 

Researcher: 
Rasmen: to 

so no.2 would be true? 
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Rasmen: Yes? 
Researcher: Okay ... AIri!lht. That's And tell me, these kinds ofnroblems were 

to you. you do it in class? 
... 1'm not sure. 

Researcher: not sure ... but it's new. 
Rasmen: Its not new ... its not but in my ... 
Researcher. Your toolbox? 
Rasmen: yes, then I can do it. 

remember that? 

Rasmen: 

( .. "rpm"", to 
there. 

I said x is equal to 

same. 
Rasmen: Yes. 
Researcher: Did you have a 

answer there? or 

the arc Can I 

S on the 

... what kind did you use to !let to the 
... umm ... How about 

Rasmen: I knew same chord are use that theorem. 
fine. Now what about 

umm '" it was too difficult for me. I was about it. 
... and if you should look at now, now when I say 

as an answer, x = 70 and my reason is 
~Uf'plt'mc:miily Would agree 

Rasmen: see that words indistinct), 

Researcher: here. Let me show you Here we 
VPP081U: of a add up to ... 

Rasmen: To 180 
Researcher: So you would agree that ADBC is a '" 
Rasmen: Cyclic auad_ because touch the circumference. 
Researcher. 
Rumen: So this one (referrin2 to is not a 
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Researcher: ... and reason? 
the on all four So this 

one is that touch the circumference. So these are two reason its 
not a cyclic 

Researcher: so that would be true or false? 
Rasmen: I think true. Can I say S 

know how can I name it, its not a 
Researcher: But now the property '" what's the property of that 

here to 2.1). 
Rasmen: Yes ... see, aU the ofa 
Researcher: up to 180 ... So if that's not a 

nronertv) still 
Rasmen: Yes. 
Researcher: You think so? . 
Rasmen: I think so ... I don't ... you can't use it. 
Researcher: you can't use it? 
Rasmen: Because ... a quad. 
Researcher: so in should ask you. How would you find the value ofx, there? 

How would do it? 
BELL IN DISTANCE, NO DISTURBANCE HOWEVER. 

Rasmen: Can do it for me ... I'm not sure. 
Researcher: not sure. let show you. If I should find the value ofx, 

here. This is an angle at the to sketch but hand 
obscures 

Rasmen:Ciroulnferenlre, 
Researcher: So this here, ... POR on the reflex 

that's the atthe centre. So the atthe rentre twice the size of 
the 

Rasmen: At the circumference. 
Researcher: At the circumference. So ifthis is 110 degrees, then this one will be? 
Rasmen: 220 

Rasmen: 70 
Researcher: 

. .. and then what can you tell me about around a 

revolution ... yes. So iithat i8220 

-.--.-..,---- J cyclic 
Don 

then that one must be ... 70 to 
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Rasmen: 140. 
Researcher: 
Rasmen: Yes, 
Researcher: But that's the 

.mnlediiately it is 
wrong. 

Rasmen: Yes 
Researcher: Okay ... Iets go onto Q8. You also said true there. Umm ... why? In other 

words vou with my statement there? 
is a tan/chord 

tan/chord theorem ... 
between tangent RQ and chord PR equal to the interior 

Researcher: 
Rasmen: This one ... on but hand obscures 
Researcher: So x is So would agree with that. 
Rasmen: Yes, sir. I agree with that. page toward him to 
Researcher: now, you got one correct. (refers to is your tanlchord 

theorem. 
Rasmen: Yes ... 
Researcher: Alright. Now are 
Rasmen: but indistinct, 

hand and hits table 
Researcher: Tell me about it? 
Rasmen: This is right ... is right. so I'm correct. 
Researcher: So you 
Rumen: Yes, I'm 
Researcher: So you 
Rasmen: Yes, that is true. 
Researcher: And 

Researcher: 

convinced that that is true? 

lothe 

Researcher: And so, so what are you me? So you still agree with what you did 
there was true? 

Rasmen: No. head VU~UI!JU'iIV 
Researcher: now 
Rasmen: This was not a theorem. It did not touch the circumference. (indicates on 

So ... 
Researcher: So you can't use ... 
Raimen: No. 
Researcher: So that would be ... false? 
Rasmen: yes. 
Researcher: how do you think 

to himself) ... What do I need to find the x? 

find the value of x? 
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Rasmen: I don't have a 
Researcher: Too difficult. he can colnpllete sentence). 
Rasmen: Sort of ... Ja ... But ... 
Researcher: Okay. now, you gave a theorem. What do you know about the radius and a 

Rasmen: PAUSE .• , Just let me think first ... 
Researcher: Ja let me take you back to ... 

what did over here. AB is pel]leJlUl!culal 
(re:tening to ... You see that; the 

corred. as well. 
Rasmen: Yes. 
Researcher: So know ... back to from your bookwork, that the 

and the tangent are perpentdiculru 
Rasmen: Yerr ... 
Researcher: 
Rasmen: 
Researcher: 
Rasmen: So when the radius is us 90 so this is ... 

2S two radius the isosceles 
so 2S Dlus 2S is 50 ... is 130 

Researcher: Its 130 ... okay, sense now? 
Rasmen: Yes, its selllle now few lines t66k tD accent 

not too clear] 
Researcher: so you can see 

that you cannot use 
Rasmen: Yes. 
Researcher: In 

Rasmen: make out reslDon:sel 
Researcher: Not sure ... Doesn't 
Rasmen: Yes ... This is a tan/chord 
Researcher: 

you need to spot 

I'm sure to line 

Rasmen: And this TQU so ST ... waitl QT is a chord, so ST is a tangent, this 
to 2S degrees) is to ... TQU. 

Researcher: Are you sure? 
Rasmen: tangent and chord 

and then ... the radius {tn(llc~ltes 
marked 25 ... is 

Researcher: Why 25 
Rasmen: This angle ... two radius and TO. 
Researcher: 
Rasmen: A radius ... 
Researcher: Okay, agree, that's not true to reason in 
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Rasmeo: That's not true, yes, but I don't know how to.,. 
Researcher: you see what ... 

POINT THE SOUND GOES OFF indicates 
... NOSOUND 

Rasmen: ... That line 
Researcher: 
Rasmen: Yes. 
Researcher: 
Rasmen: Its uvt. JVJUVV-, 

Researcher: to 

(1"""f~mnoto 

we said that the radius and 

and the 

Researcher: 
Rasmen: Opl~osi,te 
Researcher: 
Rasmen: ISO 
Researcher: You said its true. 

Researcher: You see I'm lookin!!. at what vou wrote in there. wrote 82 
did you write 82 

Rasmell: The angle I used the theorem. This is 82 (refers to angle at 

'" so this one is ... must bel12 
\ a.UJRVVUL to 

Researcher: 1 
Rasmen: 102 
Researcher: so do you think my reason is correct? between tangent and 

Rasmen: YeS ... 
Researcher: But I'm 
Rasmen: It's not correct. 
Researcher: Okay ... and 
Rasmen: this one is 

x is that 
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Researcher: U's outside of the 
you need to do is ask 
... over there . 

Because all 
(retierrlllg to 2.7) 

Rasmen:No ... 
Researcher: And no and the reason? ... because, as you " is out there. 
Rasmen: Yes. 
Researcher. 

that 
Rasmen: Umm ... I didn't do 

have been false And again, have you seen 
your class-work? or is it unfamiliar. 

Researcher: You didn't do that... lets look at 
Rasmen: Q13 ... it's not a cyclic ... its outside the 

circle instead 
So ... 

(plrobablly means 
rh.n{C'.h01'ri theorem ... 

Researcher: But, but look at my reason. Look at my reason, Do you agree with that? 
Rasmen: I don't agree with that. 
Researcher. Now, don't 
Rasmen: Because tangent to tne one outside the are so it's not ... this 

is not a inside So it is not a tangent, ... not a tangent. 
it slowly ... QPa 

Rasmen: it is a 
Researcher: And is a tangent? 
Rasmen: Yes it is ... no its not 
Researcher: is it not 
Rasmen: ... I don't know what I can there, but it's not a tangent. 
Researcher: It'll not a tangent. What is 
Rasmen: A ... it touch the circle at one point. 
Researcher: and that one. Is it at one. 
Rasmen: I can say, this line here to SQ), it start from S to Q that's why I can 

its not a tangent. 
not a tangent. So then I can't use that (rererring to reason !!.iven in 

Rasmen: Yes ... 
Researcher: Because there I'm 

have been ... 
Rasmen: False. 

both these lines are ... tangents. So that would 

Researcher: False, yes. that's fine. How about Q14? How would 
one to me? You said true. look at the reason I gave, 
my is true. 

Rasmen: PAUSE .•. false. 
Researcher: Why is it false? 
AIIsmen: This is not 
Researcher: 

Rasmen: Just this one ... 
Researcher: 

(refl'lmnIJ to reason for 
to the interior 
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Rasmen:Umm 
Researcher: So you agree that what you said there is correct? 
Rasmen: That is not correct, but the statement is word). 
Researcher: now in bookwork Can you remember that one? 
Rasmen: Yes, I can rernernbllr. 
Researcher: That's 
Rasmen: This 
Researcher: Is a half ofT? 
Rasmen: Yes ... that's I was 
Researcher: so that's 

but I think it's the half ofT 

agree that's true. So x can't be 78 

Rasmen: Yes. 
Researcher: and what do you think x would be? Just show me what you would do. 
Rasmen: way and that to get the picture). this ... is a 

I got 180 So I think that ZVW is 102 degrees. 
Researcher: 102. 
Rasmen: Yes, is to 180 

So 
Researcher: So the ... is 78 degrees. That's fine, that's 

what I want to 
Rasmen: Yes. 

... you aware which is the interior 

Researcher: Now the last one. Q16. How did you 
a lot of work there. Can you take me 

Rasmen: This is I did ... tan/chord theorem ... (hand obscures view of sketch and 
what he is wur is to UTS. 

Researcher: Is equal to ... UTS. 
Rasmen: UTS and then this UTS is a isosceles ... base 
Researcher: hold it there. said this angle that's 

Researcher: Ukay, are 
theorem 

Rumen: I think it 

atT. 

that one Because 

are _ 
TINi!! 

that 

Researcher: It should be '" UST .. , Okay, so that's 
correct, there. 

you can see the wasn't 

Rumen: Yes. 
Researcher: started. But let me take you back. Just one 

to 57 degrees and my reason was, the exterior 
to the interior angle, Is that the 

to the marked 57 ...... j~.,,·"O,. 
Rasmen: its the not exterior. 
Researcher: so it's the tan/chord theorem. Perfect, Alright we're almost done. I 

just want to get one more ... 
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INTERVIEW 13 

Researcher: ... Now, in no. 1, why do you think that that 
Its I know the theorem. I know that is 

to 40 That's what I know. 
It you said its double. 
I made a mistake there. It's to be 80 because the 

at the centre is twice the an!!:ie at 
Researcher: So the at the centre is 
.lJU.'I'UYU' The at circumference. 
Researcher: So that one must be 80 "",~ ....... 'I 

It must 
Researcher: You're 
Luvuyo: I'm sure. 
Researcher: you know are you 
Luvuyo: Yes. 
Researcher: Is that the one or are you 
Luvuyo: No, I'm that one (refers to 
Researcher: you don't agree with what you wrote there? 

Yes. to be false . 
to be false. Okay, that's fine. What about That one over 

(refemnll'to sketch no.3). How did you go about answerinf!; that 

Ja ... this one's true. 
Researcher: You agree that it'li true? 
J.Juvu'vu: Ja ... 
Researcher: Okay, and do you agree with my statement? 

arc OR. SO you happy with that? 
subtended bv the same 

.LA.I" 11'1'0. This one's not right, because this line to 
here (pointing to the """,UII .. ". 

Researcher: So S must be on the cincutlilfelrence? 
.lJUl'l'UYU. Ja, must be on the circumference. 
Researcher: Okay. 
J.JU'VU'VIJ: SO x is not 

is supposed to be eoded 

Researcher: So what you x would be? Can you calculate x for me? 
page closer to him and works out answer, to 

values for and STR) ... So this must be 40 
Researcher: So it must be Great. You said it was false. 

It was false ... 
Researcher: Okay, can go 

It is because what I ... this this line 
pel-pellldl'cular to the so it form a 90 

this one is 35 (refers to 
Researcher: . 
Luvuyo: So therefore 90 
Researcher: So 35 de!!:fees and 65 
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I 
LUVUVO: Fonn 90 

then what would x be .. , 
to OQ), So 

Researcber: 

LUVUVU; Its not true, 

Researcher: 
.LIu"uy·u; Should 
Researcher: 

Researcher: 

Luvuyo: 
Researcher: 
LuVllvo: This is 82 

is the 

IS circumscribed 
so 0 should be on the'circumference? 
on the circumference last 
great. What about did you go about that that's 

so this and this is a VllillsunCl, 
... So this must be 

oegrecs} ... I want to find X, so 
to BTS). So 

must be 65 degrees. 

That's fine. 
you did 

its true. Do you 
means QIl). 

this 
to 82 

(rplr .. rrino to 
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Luvuyo: Its because I found this ... is 82 
one (refers to .,. this one must 

So this is a strange 
98 because 

Researcher: Okay, that's 
Luvuvo: So this is a tangent SR), So there is that theorem, in want to that 

that is a tangent, so I must draw the line from the to 
to line ST). So what I know is that this line must also be 

to that one (SR), to the theorem that I want to that 
to the circle from S to so this one 98 
so this must to that this line is 

Researcher: So you 
to that one 

because toQR? 
• ,,.VII·"'" Ja ... 
Researcher: Okay, and now just let me ... you this one correct in the bookwork. Is 

this the theorem that we're there? (refers to 2.7) ... Can we use 
this, there? ... umm ... 

Yes, we can use it if the 
through S, makes 

Researcher: Oh! If the circle 
Luvuyo: 

that's fine ... Last one. _ 
out his answer, all the while to himself; what 

he says 
75 

Researcher: 57 

indistinct until he's ready to an answer) ... so that's 

Luvuyo: 

Researcher: 

to SR and SP). So this is a 
pemucUiar to the tangent. So the 

So it fonn an of 
want to prove that this 

.U~'I'V""" to be a centre in the 
to the middle of line 

start from the centre and go to the circumference. so that's 
one (SP) is oemendicular to the tangent. 

is 57 degrees 
you supposed to 

is 33 ... so this 
other way) ... so this line 
to take SRP ... so 
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Researcher: Ja. 
Luvuyo: So this is a line. 
Researcher: 
Luvuyo: So I can say if that one is 33 

but hand obscures sox 

Researcher: 
you. 

Luvuyo: Yes. 
Researcher: _ 
Luvuyo: Because it touch the circle at one 
Researcher: ... is QR a 
Luvuyo: It's not a tangent. 
Researcher: not1 
Luvuyo: Because is a line that starts on the inside and extends to the outside and joins 

the tangents. 
Researcher: Okay ... so could we use 2.9 to solve that? 
Luvuyo:No. 
Researcher: No, okay so that is why x can't be 57 degrees as well. 
Luyuyo: 
Researcher: Okay that's great. Thank you very much ... 

INTERVIEW 14 

The researcher interviews the student based on mistakes in the bookwork 
will start the transcriPtion from auestion 1 in test 2. 

but we 

Researcher: ... Lets go onto some of the other qUE~st")ns. to test QL you said 
the answer's true. do you Do you agree with my 
statement? 

Mzoxolo: if he could move the page toward him, to see 
Researcher: la ... 
Mzoxolo: to himself while out the I said its true, here. 
Researcher: And you that it's true? 
Mzoxolo: Umm ... 
Researcher: your oyer there? 
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Mzoxolo: ... [ did take a look at 60 
at the centre is 
[did.,. I did 

So in times 60 
and x is in the centre. 

Researcher: so what would x be? 
Mzoxolo: [ I said x is 120 
Researcher: but now you 

there? 
Mzoxolo: I think I did make a mistake. 

with what you said 

Researcher: You made a yes. So you sure x is to 120 
Mzoxolo: Ja. 
Researcher: now are you familiar with sketches 1 and 2. Have you seen that 

or is it new to you? 
Mzoxolo: No, I've seen it before. 
Researcher: Okay. ifvou look 

Mzoxolo: [ 
one too 

Researcher: So its 2.2 that you applied there? 
Mzoxolo: Yes. 
Researcher: So is this exactly the same as that one? (sketch What do you 

think? 
Mzoxolo: This ... no! 
Researcher: What's different? 
Mzoxolo: I think this one's got centre O. 
Researcher: Because its got the ... centre O. So which one do you think we're 

there? This one 2.2 or 2.67 
Mzoxolo: [think it's 2.6. 
Researcher: so 2.67 
Mzoxolo: Because it of centre 0 and those dots renresent 

be the half and those dots represent 
... the at the circumference by two .. , 

Researcher: Then you one ... so now look at no. 1 Would you still 
say your answer is true? 

Mzoxolo: No ... 
Researcher: What would x then be? 
Mzoxolo: x umm ... to himself) ... Okay, I would say x is 80 

and your reason? 
Mzoxolo: Of course x is ... umm no. I can say x is 20 here. to Q I, 

S) ... the reason I said so, 40 here is at the centre. So 
at centre is double the angle at circumference. 

Researcher: thats What about How did 
it's false. but vou iust wrote 
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MzollOlo: out answer all the while to of course, here it 
false. 

Researcher: You said false, yes. 
MzollOlo: Umm this ... is can't be 30 here. to solution for 
Researcher: why can't it be 30 
MzOllOlo: I think S is not subtended by the arc QR ... 
Researcher: Okay, and why do you think S is not subtended by QR. 
MzOllOlo: All I can is, S is not the circumference. 
Researcher: S not on the that's fine. Look at Q4. You 

that one was 
MzollOlo: Okay ... x is 50 degrees here, because it is subtended the same arc, this arc, 

isDC 
DC. 

said that one was false as well. 
45 degrees 

arc CD. 
you said false. And 

MzOllOlo: .c.q'uml1eral 
Researcber: semi-circle (referring to answer student in the 
Mzoxolo: Or a semi-cirde, yes. 
Researcher: Now if its a semi-cirde. What can you tell me? 
Mzoxolo: I think ABC ... its half the circle because there is not .. , a chord there. 
Researcher: Ja ... FROM CHEERING STUDENTS OUTSIDE] 
Mzoxolo: Which the circle in half, that's I say ABC is a semi-circle. 
Researcher: so what will the value ofx then 
Mzoxolo: The ofx ... it will be ... of course 60 dewees. I think so. 
Researcher: So you will agree with the 60 
Mzoxolo: Yes, I think. 
Researcher: But not the reason? 
Mzoxolo: But not the reason. 
Researcher: do you know what an eauilateral triangle is? 
Mzoxolo: Yes, 
Researcher: What's an 
Mzoxolo: All the sides are 
Researcher: ... All the sides are equal ... that's fine. Lets look at Q7. 

gave false there, subtended the same arc. Okay, can 
. to me? 

Mzollolo: Okay ... I my statement ... I just don't ... I with dus statement. 
Researcher: Okay, you with your statement ... now, ... 
Mzoxolo: Because x is 70 opposite of a auadrilateral are eaual to 

180. 
Researcher: 
Mzoxolo: J8.. that IS a 
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Researcher: bookwork. is this a to IsABCDa 

Mzoxolo: I think so, yes. 
Researcher: would that be a 
Mzoxolo: All the sides are ... all the are in the circle. 
Researcher: so all the are attached to the circumference. So is that the 

same in Q7? 
Mzoxolo: Umm ... no. 
Researcber: not? 
Mzoxolo: Because 
Researcber: So 
MzOllOlo: No. 
Researcber: No ... 

Mzoxolo: (whi"n .... " 

two sides which are 
bea 

it. 
the theorem. That's the 

the circumference. 

You its the angle between tanl!.ent chord. is eaual to the angle in 
the other segment. 

MzOllOlo: No ... 
Researcher: What's different? 
MzOllOlo: In this triangle here, in Q8, two sides which are in the but 

all its three (referring to are touching the circumference. Here Q2.7. So 
it can't be true. 

Researcher: So can we still use this theorem to solve that? 
Mzoxolo: to that discovered it ... you can't use it. 
Researcher: You can't use you then find the value ofx. So that 

would then be false. 
Mzoxolo: Ja ... 
Researcber: 
Mzoxolo: 

between the tan 
the exterior 
the chord. is 

Researcber: Not so easy. hey! , .. Now you remember the one theorem you had plU'U1~lI'" 
that you said the radius is twice the diameter ... twice the 

tangent. now that's not correct, that should be the radius is 
perpendicular to the tangent. So perpendicular. You know what 
perpendicular mean? 

Mzoxolo: Yes, 
Researcber: What? 
Mzoxolo: I think ... cuts diameter into two eauallines. 
Researcber: Into two 
Mzoxolo: I think the 

as I can say RS is a 
perpendicular. I think 

and a 
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line is 180 degrees, so the line will cut the 

line into 90/90 with his 
Researc:her: so the 

to 

Mzoxolo: 24 
Researcher: 24 and 65 
Mzoxolo: No '" 
Researc:her: 25 degrees "', so if that one is 25 can we calculate angle 
Mzoxolo: I think so 
Researcher: what would P be? 
Mzoxolo: P 25 degrees, 
Researcher: Also 25 Okay and do you say that? 
Mzoxolo: I 
Researcher: Ukav. so UU IS called a radIUs and UP is also the radiUS, :So tlus gives us 

Mzoxolo: 130 
Researcher: SO x . 

reason, I said x 25 and I'm 
and the chord is to 

Mzoll.olo: Its not. 
Researc:her: Its not, because 
MzolIDlo: Theorem 2,7. 

that one here ... 

which is 50 

Researc:her: Ja, Q2.7, SO you established that x cannot be the in the other segment. 

Mzoll.olo: 
Researc:her: 

So allain how would about for x. 
to himself for a '" I'm not sure ... 

sure ,., Now remember what we said, See 
are ... what? 
and the tangent are perpenidicllJlar 

Researcher: So this here would be ... 
Mzoxolo: (turns the page to see nrnn .. rl,,\ 

Researcher: So that means QTB is what? 

the radius and the 

Mzoxolo: page and indicates on sketch,,, is 90 
Researcher: Minus? 
Mzoxolo: Minus 25 

and QTBP ... is what? 
Mzoxolo: ". QTBP ". 
Researcher: But what is that? 
Mzoll.olo: I think. sir, ". QTBP, or talking to himself while 

to work outtbe '" ad would say", isa semi 
Researcher: Is a And you said over here to page 1 oftest 1). What is '" in 

2.1 ABeD is what? 
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Mzoxolo: Cyclic 
Researcher: A 
Mzoxolo: No. 

... so would that be a (refers to 

because all these 

Researcher: ... then you gave one of the earlier 
on 
about x 

Mzoxolo: x and y are 

property, Q2.4 is what? What can you tell me 

which ... we find the sum of 180 

Researcher: so the 
that 

Mzoxolo: Okay 65 
Researcher: Okay I 

ask you a lew more questions, ... umm 
statement, because that's what you said 

why you with that statement? 

Now we've 
so what will x be? 

." let me 
with my 
you 

Mzoll.olo: we said x = 57 the reason, = QR, tangents drawn '" 
this way that to ltet a at sketch! '" There's a diameter 

\lIIUII,Hung with on 
Researcher: Which is the diameter? 
Mzoll.olo: SP 
Researcher: SP, a diameter, 
Mzoll.olo: .•• the diameter is the 
Researcher: And tell me, is QP a 
Mzoll.olo: QP ... 
Researcher: 

the diameter? 

Mzoxolo: is a that touches the circle at one 
Researc:her: good, And QR is that 
Mzoll.olo: ... nol 
Researcher: No ... and it not 
Mzoll.olo: It does not touch the circle at one 
Researc:her: At how many 
Mzoxolo: At two 
Researcher: At two points, So now look at reason. 
MzoJ[olo: tangents drawn from a common are 
Researcher: is that still true? 
Mzoxolo: No ... 

halves. 

Researcher: No ... because we said the is not So you can't use that as a 
, that's fine, Lets look at You said true. x is to 78 

of a quad is to the 
with that ... Alright? , .. Would you 

MzoJ[olo: I that it is exterior {referrinl? to 78 lle{1!'eeSI, 

Researcher: So which is the 
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Mzoxolo: interior I think its that indicates somewhere between Z 
and T or 

Researcher: Z? 
Mzoxolo: No its T, another half ofT. here {indicates to n. because T is divided into two 

halves because of the 
Researcher: Okay, so it would be the whole ofT. 
Mzoxolo: Yes, the whole T. 
Researcher: So would that statement still be true? 
Mzoxolo: 
Researcher: Can x be 78 
Mzoxolo: No. 
Researcher: 

Mzoxolo: 

reason? 
ru::COlfUlIll! to the reason here. We've 

an angle between the chord, the 
the chord and the tangent is 57 

Researcher: So which other would then be 57 
Mzoxolo: I think its S. 
Researcher: The whole of S1 
Mzoxolo: the whole of S is 57 

the 

interior 
x can be 57 

Researcher: whole of S. So you're about USR. Will that amde be 57 

Mzoxolo: Yes. 
Researcher: okay, were you a strategy for 

Did your teacher show you how to 
segrrlent? 

Mzoxolo: 
Researcher: She 

USR. 

she did tell me. 
And you still agree that the 

Mzoxolo: Umm '.' I think UST. 

pi1.1 UIOUlilr to 

in the other segment is 

Researcher: It should be ... UST. Okay, that's fine. Okay. Thank you very much. 
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INTERVIEW 14 (GC::01I1S,\) 

The student admitted that she did not and the answers, ""ptNli1.IIY 

the bookwork. That was the reason for not some ofthe bookwork QUflsti()Ds. 
1.7 and 2.4. 

Researcher: ... Now in this one here, Q1. I 
is true. Do you still agree 

statement 
same arc 

PRo that is they are 
... I'm not sure (she "'""Qr,,,.,.,,\ 

not sure, okay you got this one correct 
tr"t" .... in" to 2.2). Can statement to that theorem? 

it this one? 

Researcher: Is 2.2 the same as 
Gcobisa: Umm ... (sounds like "ffirmlltiv,,) 

Researcher: ." .... I.,in'" different? 
Gcobisa: _. one ... umm ... is at centre, but this one to A and 

B on the but does not seem to know express 
Researcher: So that's at the but that one is at the centre. r_4'.,.....;"~ 

fIrst to Q2.2 and then 01). And what about 
Gcobisa: Can I err ... 
Researcher: Give me the statement. 
Gcobisa: at the centre is to two at circumference. 
Researcher: Good. Now if you look at no.2, you was true. So x is toa20 

at centre is ooual to two angle at circumference. 
Gcobisa: Ja ... 
Researcher: So you agree with that? That is true? 
Gcobisa: Ja. 
Researcher: Now is I and 2 the same kind Are 

different? 
Gcobisa: the same. 
Researcher: similar, 
Gcobisa: 

similar or 

Researcher: 2.2. 
theorem we're 
did? 

... Umm you said its true ... and the 
And do you still agrce with what you 

Gcobisa: PAUSE .n No. 
Researcher: What's different now? 
Gcobisa: PAUSE ... 111, its true. 
Researcher: Its true. So you would agree that that theorem is Soxis to 30 

Gcobisa: Ja 
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Researcher: alright. Now Q7. Now check would you say 
that one is true? Do you my statement? ... The 
of a cvclic auad are sup.ple:mentary 

Researcher: 
Gcobisa: A 

cannot 
xis70 

Researcher: Just a four-sided 
Gcobisa: No with 
Researcher: 
Gcobisa: Yes. 
Researcher: 

is inside the 

... ABCD. 

Gcobisa: The 
Researcher: so you mean in or that the comers touch the circle. 
Gcobisa: Ja. 
Researcher: Now would OPSR be a to 
Gcobisa: OPSR ... No. 

\Ul'l,,~ •. lll"'J ... of the (refers to 

then I said 

does not touch the ... (uses her finger to 
circle. 

Researcher: ... because it circle. 0, where must 0 be? For that to be a 
where must 0 be? 

Gcobisa: On here... the circle/circumference with 
Researcher: On the ... circle. 

said x is to 57 
from a common 

_ with that? 
Gcobisa: As I said, I 
Researcber: Guessinltl me the statement here 

statement? 
Gcobisa: Umm ... 
Researdl.er: 2.9. If AC and BC are tangents. What can you say about that? ... You 

Gcobisa: Yes. 
Researcher: 

Gcobisa: Yes. 

Tangents from a common 

Researcher: So tangents from a common 
Gcobisa: 
Researcher: Now let me ask you. Is 
Gcobisa: QP yes. 

Can you remember? ... You 

we know, is equal. 
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Researdl.er: is it a 
Gcobisa: It touches at one 
Researcher: At one And what about Is QR a 
Gcobisa: QR ... no. 
Researcher: not? 
Gcobisa: I don't whether there can be two tangents in one circle. So I don't know. 
Researcher: So not sure? 
Gcobisa: I'm not sure. 
Researcher: Now QR is not a tangent because it cuts the circle in R and in S. It 

can only be a tangent ifit cuts at one 
Gcobisa: Yes. 
Researcher: So because that's not a tangent, it means that statement cannot be true. So 

that would have been false. Okay, very, very much. 

INTERVIEW 15 lSPHO'KA.zIl 

Researcher: Okay, so lets look at Ql. Why do 
Sohokazi: toward her to see 

to imall1inmv 

Researcher: Ja. 
Spllok:u;i:P to R This chord and to this nh.cnrinl> view (rest of 

Researcher: 
Q2. 

Re:searciler: We said x is 
the size 

Sphollw:i: ... circumference. 

because the at the centre is twice 
atthe ... 

Researcher: And said it was true. Would you still say its true? 
Sohollu12:i: Yes ... side to 
Researcher: And at the two. Ql and 

different? 
are the same. 

Researcher: similar. 
Sphokazi: ... because 

(referrinl!: to 
she 

Researcher: Now look at 
:!ipI10lI.aZI: No 
Researdl.er: Whats different? 

... Yes. 
1 and this theorem 

similar? ... or 

will get x as 60 
that Darticular theorem 

Are they the same? 

Solholw:i: Because this go to the circumference. to line from C to 
circumference to the circumference, not the to the centre. 

Researcher: Okay. So would that answer still be 40 
Spillokazi: No ... 
Researcher: What would x then be? 
Sohokazi: x would be .. , 20 
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'I 
Researcher: 201 
Sphollw:i: No ... I don't know, sir. 

did you say 20 
i:lpnOKaZI: ... because I said 

at the centre is twice the 
Researcher: There we go. That's 

centre is twice the "size 

on the centre 
at the but I 

it. Because you said the 
at the circumference. So 

what I wrote there is not correct. 

that is 
centre. So 

are at 

because that is also the at the .. , 
to 2.2) ... 2.2 those 

the one is at the centre and the one 
is at the circumference 
for. 

to So that is what you must look out 

sir. 
are you familiar with these sketches. Have you seen it in your 

aPtllic.aticm in the class? 

do it? 

now lets look at Q3. You also said its true. Now why would you say 
its true? 

Sp'holw:i: I used this here r~6'''''_; __ 

and is it correct, 

Re!learcher: What's not correct? 
Spholw:i: Because this is not in that circumference 
Re!learcher: So S is not on the circumference. 

value ofx, how would you do that? 

to S). 
and if! ask you to calculate the 

because ... (explains answer to the orobleml So x 

Researcher: 
Yes, 

Researcher: 

;:'jJ'"U.UUa: Yes, 

to 70 _ 
are Would you still 

Re!learcher: Yes. Okay. Now in your bookwork. What's ABeD? 
Sphokal~i: A 
Re!learcher: what do you think is different from that one and that or are they the 

same? to 2.1 and 
SplllOl,azi: No its not the same. 
Researcher: What's different? 
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opnOKaZI: ••• because aU the are in the circumference, and the other, onlv three in 
the circumference. to 2.1 and 

Researcher. Okay, so that's not a cyclic So means '" can we still apply that 
property to the quad? 

Sphokazi: No ... 
Researcher: No ... . .. So how do you think calculate the value of X, 

there? 
OpnOII<82:I: I must found this 
Re.!;ear·ch€~r: And how do I 
SpllloB[lIZi: This 1 minus 360 

minus to this 
Researcher: now lets look at 

at the reflex angle 
is ... what? 

SpllOkazi: 360 minus 110. 
Re:seardler: 360 minus 110. So 

must add up to 
"p .. UI\iU.. .. Yes. 

Spbokazi: Yes. 
Researcher: And the at the centre is 

0). 

plus that one (110 ""l'9"""J. 

aUhe centre of the 

circumference. So the one at the is ." 
Sphokald: ... 110 
Re~""rd' .. r' So this one (0) would be double and that will Jl;ive you ... 220 
Sphokal&i:220 
Re!learcher: 

Re!learcher: 

Researcher: 
between 

interior '" in the 
Re!learcher: Its okay. And U is not 
Sp.hol~az:i: No, its equal to x. 

and chord is 
So its U. 
tax? 

in ... is 

you 
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Researcher: so do you know how to solve that one? 
SpllOk:azi: x? 
Researdller: 1a ... do you know how to find the value of x? 
Sphomi: I don't know ... 
Researdler: Now, remember 

remember? 
gave me a statement here. What is this statement. Can 

to 
PAUSE ••• 

Researcher: 
Sphollw:i: ... Because there's no 
Researcher: Outside 
Spbolli;a2:i: ••• inside the circle? 
Researcher: so x cannot be 82 
Spll0kazi: Yes. 

if! 

Spbokm!i: No. 

and what is the between the 

your radius. 
here at Tis ... 

to QTS) ... What must that one be? ... 

to that 82 inside. 

can I do it there? 9shows the 

69 

Researdler: Why not? 
Sphomi: •.. because x is not in the circle. 
Researcher: ... because x is not in the circle. 

Now again look I said x is 
to QR, tangents drawn from a common 
with me. Alright! Do you still agree 

~pbollw:i: I don't know this circle. 
Researcher: now you gave me a statement here. Can you remember what this 

statement was for, 2.91 (refers to 
Spbolluu:i: (Says something unclear). 
Resea.rdler: Is what? 
:Spbolka2ii: (mumbles to herself) ... to the opposite interior Is it that one? 
ResI'Jlr ... .tIf'r: You forgot. ." what is CA? CA is a tangent, and CB? 

and tangents drawn from a common point? 

are equal. Now, is QF a tangent? 
Sphomi: Yes. 
Researcher: Yes. Why is it a tangent? 
Spholw:i: ... Because it touches the circle at one point. 

. .. and is QRa 

why not? You said no ... I'm just asking why not. 
... It's not a tangent. 

Does it cut the circle in one place? or in two 

then it would be a 
one place ... I don't 

so I cannot use that as a reason, 
Lets take one more. Q 14 . You said its 

is eoual to the interior 

to the 
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Researcher: 
it cannot be True. 

Researcher: Alrillht. Thank you very, very much, 

Now we know that that is false because 
now all you need to do is 

said S is not on the 
30 del!Tees and 50 

lNTERVIEW 17 (CIK1ZWAl Researcher: 

Researcher: Now the first one I want to ask you to You said its true. Can 
you said its true? 

Cikizwa: I its true because subtended the same chord are So the 
arc PR subtends it. 

Researcher: So that is 40 freferrina to 
Cikizwa: Yes. 
Researcher: And number 2. Can you your there? You can tum it if 

you want to. page closer to student to enable her to see 
Cikizwa: Okay, I said 2 is true because the at the centre is double 

at the circumference. (inl:!ic!ltes 
Researcher: Okay, so in that one, 

with that. 
Cikizwa: Yes ... and this is the angle at the angle C. 
Researcher: Okay, and if you look at one and two, are they the same kind 

are they different? 
Cikizwa: They are the same kind of question. They are not different. 
Researcher: Alright, so now would you want to look at no.l again? 
Cikizwa: Yes. 
Researcher: And then what are you going to tell me? 
Cikizwa: PAUSE ... I think x is 20 degrees. 
Researcher: You think x is 20 degrees, and what would your reason be? 

or 

Cikizwa: The at the circumference this to marked x) 
Researcher: So you will be which one? 2.2 here or 2.61 
Cikizwa: 2.6. 
Researcher: 2.6 .. , So you see where you went 
Cikizwa: I see, 
Researcher: what about Q3. You also said its true. Can you 
Cikizwa: (speaks to herself while working out the answer). This to 

S) not on the circumference. 
Researcher: ... you talk a little bit louder so that he (video-operator) can 

you up there. 
Cikizwa: okay. sir. 

so S is not on the circumference. So can you then calculate the value 
ofx for me ... Can you the value of x? Do you know how to get to 
the value ofx? 

Cikizwa: No I don't, 
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Cikizwa: •.. because RTS is a isosceles 
Researcher: Right, so x will be? 
Cikizwa: 40 degrees. 
Researcher: 40 ... Great! 

you said there that it's 
centre ... alright. 

Cikizwa: Yes. 

are 

Researcher: ... is equal to twice the size of the at the circumference. Do you still 
agree with what you said there? 

Cikizwa: Yes, I do. 
Researcher: Okay, so you're saying x here is 'equal to 220 degrees and can I ask a 

question? 
Cikizwa: Yes please. 
Researcher: lfx is equal to 70 degrees, can my reason be: angles ofa 

quad are supplementary, 
Cikizwa: No ... it's wrong, because that is not a cyclic 0 is not touching the 

circumference of the circle. 
Researcher: So that is not a cyclic quad so that's why we can't use it. 
Cikizwa: That's right, we can't use it. 
Researcher: Let me what you did. You more or less correct. The 

that this the that's 220 degrees ... the reflex ... that 
So the at the centre is twice the size at the 

circumference. So this angle (refers to reflex anllJe 220 
So what would x then be? 

Cikizwa: 360, The revolution 220 subtracted by 360 
Researcher: And that will 
Cikizwa: It win me 160. 
Researcher: No .. , 140 
Cikizwa: 140 ... yes! 
Researcher: But you know it's 360 minus 220. 
Cikizwa: Yes. 

so that would have been correct, there. What about Q8. You said it 

is 

was true, and the reason is: the between the tangent and the chord is 

Cikizwa: Yes I 
Researcher: 

to the amde in the other segment. You still agree with that? 

this one correct in the exam. Can you remember the 
this? 
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1 
Cikizwa: Yes I do. 
Researcher: That's _ _ 
Cikizwa: Ja ... the between the tangent chord is to the in the 

opposite "",!!;m<", •• 

Researcher: Okay, that's one we're Can we use this theorem to solve 
that? (refers to 2.7, to solve 

Cikizwa: 
different? 

are see on the but here (Q8) its P and Q 
on the circumference. 0 is not on the circumference. 

Researcher: so we can't use that one. That is that would then be false. Okay, 
but now ... or can you calculate the value for me? 

Cikizwa: can I ask a rlm'Mi,,,n') 

Researcher: 
Cikizwa: Is 0 the centre of the circle? 
Researcher: Yes, 0 is the centre oHhe circle. 
Cikizwa: What I can say is if 0 is the centre of the then OQ and OP are radii. 
Researcher: That's correct. 
Cikizwa: And then 65 degrees is the exterior of the 
Researcher: Okay ... POQ. SO is that one (referring to 08). Okav. and is that the 

angle? I was what 
what ifI can say so? 

Researcher: JIl, but that's not 
statementto this ... 2.5 
theorem ... That's a radius and that is tangent? {refers to radius OC 
and and what is the rehltio:nship 

Cikizwa: The radius 
Researcher: The radius got the radius 

Cikizwa: ... And the 
Researcher: This 
Cikizwa: 90 
Researcher: So one is 65 
Cikizwa: 25 

then OQP would be what? 

Researcher: ... and then you said this is so this one would also be 
(re&.mnlJ' to P) ... 

Cikizwa.: 25 
Researcher: That's angle P, yes ... and therefore what is x? 
Cikizwa: Its 140 
Researcher: One and , .. 
Cikizwa: 130 
R"' ......... J.' .. r· Yes so you see how you can use your bookwork and solve there ... 

Cikizwa: I can see, sir. 
Researcher: But it's also easy to make a mistake. 
Cikizwa: Its confusing. 
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Researcher: 
drawn from a common x must 
Would you agree 

Dtl' ..... \.U .... U'Ul~.u! SOMEONE Srn1Ul.J.l'lu 
Cikizwa: No, I don't agree Wltll you. 
Researcher: Why don't you agree with me? 
Cikizwa: Because this is a tangent. to 
Researcher: which is a QP? 
Cikizwa: a tangent. 
Researcher: ... and what about QR? 
Cikizwa: I don't is a tangent. 
Researcher: Why not? 
Cikizwa: Because a tangent is the line which touches the circle at one 
Researcher: so could we use the statement of this theorem to that? (referring 

to DO you know the statement to 2.9? 
Cikizwa: Yes I 
Researcher: What is it? 
Cikizwa: drawn from common 
Researcher: so can we use it 

are 

Cikizwa: No, we cannot. 
Researcher: No ... and that is that would have been mise. You see there? ... Because 

that's what I'm 

Cikizwa: 

let me take you 
ofa cyclic 

with 

Researcher: Why not? 
Cikizwa: Because T is the exterior 
Researcher: Because T is the exterior 

that? 
Cikizwa: PAUSE ... 

Last one. You said true. Can 
my reason. I said x == 57: the 

And 

Researcher: And remember when you are an you need to 
at the So you can see, the I'm 
the between the tangent and the chord. to So that's 
sort hint. So can tell me which in the other segment? 

Cikizwa: Which is equal to this (referring to marked 
Researcher: Ja .. , 
Cikizwa: 1 think its 
Researcher: Angle S, is disturbed 

which 
..., .... ""'a; 1 think 
Researcher: The angle S1 RSU 
Cikizwa: RSU no not the whole 
Researcher: So name it for me? 
Cikizwa: Its UST. 

someone who to So 
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Researcher: So that would then be 57 
UST. So you could get 

and this is then a 
and that, the base 

(~+'A""M~ to anwes at U and 
Cildzwa: Base angles are 
Researcher: Yes, and remember that TRSU is called what? 
Cikizwa: A 
Researcher: And opposite angles? .. ' to x and U), 
Cikizwa: .• , Are supplementary. 
Researcher: Are And that's how 

So that's one was worth a few 
much, 

Cikizwa: 

INTERVIEW 18 

immediately with 

Etienne: 

Researcher: with that? 

Umm ... do you think 

Etienne: Yes. 
Researcher: have a second look at it, do you still go with the same 

Etienne: I wasn't sure, 100"/0 sure, because I know it as ... it supposed to be 
touching the circumference. 

Researcher. What, what's to 
Etienne: This (indicating to 0 on 
Researcher: 0 '" Okay, and what about number 2. 
Etienne: I go with the same reason as I said over there, 
Researcher: Alright, now if you look very, very carefully at the two, are they the same 

or are they different? 
Etienne: They the same. [NOISY CHILDREN 
Researcher: They the same ,.. in what way are 
Etienne: Umm .. , Its .,' in both cases its to and 
Researcher: Okay, now look at the reason.ing 

is equal to 120 
at the cin:und'erenc;e 

Etienne: Yes, this one to make out answer, 
went from loud to mdlistmC1t), 

Researcher: Okay, so that you agree Now mv QuestIon agam IS ... 

Are those two different or 
Etienne: The same. 
Researcher. Just check no. 1 and then tell me still haDDv with true? 
Etienne: Umm '" partially. 
Researcher: What's confusing here? 
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Etienne: Its not confusing me ... I'm to be the 
reason (refers to reason in 

Researcher: Okay, so would x still be 40 
Etienne: Yes ... no! x should be 20 
Researcher: It will be ... 20 
Etienne: 20 
Researcher: ... then that's not correct (referring to solution in 
Etieune: No ... 
Researcher: because the one that you were at .. , for the one at the 

circumference ... that's different... we've established 
that. That's fine what about Q3. How you go about that 
11I"'8tion? You ended up with true, which means you agree with 

statement? 
Etienue: over here I wasn't sure ifl ... same (referrinp" to reason 

in 
Researcher: So, W that'll what I want to up. What' II not 
Etienne: The fact that it the circumference (relferrinll; 
Researcher: so that was the ... that it wasn't Hlllell"''' 

circumference ... Because answered that Q2,2, 
That's the theorem Can you 
remember the statement? 

Etienne: subtended by the same arc ... should be equal. 
Researcher: Yes, and if you check carefully ... A and B are at the circumference (refers 

to 2.2) .. , Right! ,., So ifI should ask you... ... so not 
that's true (Q3) or would you still 

Etienne: I wouldn't say its true, 
ResearCher: And ifl should ask you how you would go about finding the value ofx ... 

How would you do that? 
Etienne: Umm ,., I'll find that angle over there (Dointinll to T on 
Researcher: Ja ... 
Etienne: QTP .. , 
Researcher: QTP 
Etienne: It shall be 180 minus 80, the sum ofthat two 

because the sum ofthe interior 
then that would be vertic~llIv 

and it should be 100 and 
divided by two is 40 

because the two sides are the same. 
Researcher: so x is equal to 40 

Etienne: 

to 40 degrees. 
great. Alright, now 

Researcher: Ja You said false, but you 
did you think it was false? 

there. So I want to ... why 

Etieune: False ... umm ... 
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Researcher: Because false, you obviously with my statement 
which is 

so ... 
... how do 

Etienne: Ja, I was 

Researcher: 

about the one at the top. That one and 110 would give me 180 
was a 

Etienne: What I is '" in my mind, I put two lines on 
Researcher: That's fine .. . 
Etienne: Okay, and then ... umm ... if! see that's 110 there then that's 110 to me as well 

(refers to because then that's 70 
near top and 70 and no me 

Researcher: Alri2ht to the x. How did you get 11 0 for x? ... You see 
with what you're I'm just a little 
70 dellTees. but vou x must 110 

and remember 

to same sketch on 
point R to top of circumference 

at top of 
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Etienne: 

radii are 
Researcher: Okay ... 
Etienne: And ... umm ... me 50 and to get that one to 

is 180 minus 50 will me 130 because ... /bis answer fades 
away because researcher intf~Ije.;tS) 

Researcher: I'm with that... look at what I said, x is 65 
and at my reason. What's wrong with my reason? 

Etienne: Tan and chord theorem ... umm ... the chord isn't touchimt the circumference of 
the circle. 

Researcher: •.. the chord. 
Etienne: Ja, ... the the ... 
Researcher: What's not tOUChing', 
Etienne: know that the to is to touch the circumference. 
Researcher: The 
Etienne: Ja 
Researcher: I'm with you ... Now ... 

there? 
••• The structure of the 

You didn't answer ... What 

Researcher: Because I see you filled in some there ... can you talk me 
that. 

Etienne: ... If that's 25 

theorem. 
Researcher: So that would be ... 
Etienne: indistinct). 
Researcher: 
Etienne: And if that's 25 

because the 
over there \Yv ....... O 

what got there. 
VERY LOUDl 

Etienne: words drowned out bv the 
on O. 

Researcher: Yes. t)oint O. 

that one (referring 

Y"!5' """), then 
the 

away from the answer with x, with 
OUTSIDE - NOISE 

over there, is it 0 ... is that 
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Etienne: So over there ... 90 ... that's 25 
and there that's as far as I 

Researcher. And then ... Are we 
Must we talk a bit so 

true ... 
calculations on the sketch. 

Etienne: x is 
Researcher: 
Etienne: You 
Researcher: 
Etienne: ... 82 

doing there? 

Researcher: That's as far as you got ... okay, now would x be 82 my 
reason there? 

Etienne: No it can't be 82 That's what I told 
then 82 that 98, all that would do is you 180. So that's 

SUIlposed to be a ... there to Q). because its a 
word is ind.istillct). 

Researcher: Okay ... that's no.16 ... Q 16. You got 4 pOints, can you 
talk me that one? 

Etienne: Umm ... I started off here 57 took it up over there to usn. that 
tanlchord theorem. 

Researcher: Ill. 
Etienne: And umm ... that 57 over there still view 

and STR must also be 57 because there are two 
and umm ... is 57 PAUSE ... 

to ST and SU) ... which is it an isosceles 
and that is 180 minus 57 ... And the 

answer divided two, which I 61.5 ... SIREN GOES OFF 
LOUDLY ... and I said 180 - 61.5 gave me 118.5 .. , SIREN STILL 
GOING ... because x is in the 

Researcher: ... What a noise! LONG STILL GOING 
ON AND ON ... Does it 

Etienne: (nods yes) ••• fur the others at the 
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Researcher: SIREN STOPS ... so I'm haDDv with that. and vou obviouslv didn't 
agree with my fel3IS0illlng, 
... Is that an exterior 

Etienne: No, it can't be, umm ... because its to be inside ... follow with the line 
,"< ....... c. on line like that. 

Researcher: great. Etienne thank you very much. 

INTERVIEW 19 

Some were to the student to obtain some 
"ht'nkwnrk" km)wlied~:e. These included auestion 1.4. 2.4 and 

say that is true? do you think that's true. You 

with the reason? Ifx is equal to 40 
subtended the same arc PRo 

Paul: I'm happy, because I look at it this way 
Researcher. and then ... is that the same as 2.2? 

spare page 2 to indicate his ~v''''-''-m!; 
Paul: No ... 
Researcher: What's different? 
Paul: That 2.2 ... that is the circumference. 
Researcher: What is circumference? 
Paul: All four ofthe ... 

okay. And in that one? 
are touching. 

nesearcner: So are we using the same theorem? 
Paul: No. 

on sketch). 
Researcher uses 

Researcher: No ... now if we gO to 02. Can vou exolain the reasoninl[ for that one 
because there you 

120; Angle at centre equals two angle at circumference. 
I said true, I sort of ... umm ... the theorem that we have with the 
and that we do in class. that's why I said its true. 

Researcher: Okay ... so this is familiar to you. 
Paul: 

... What about Q3 You said false. Why did you say false? Because 
I'm not sure I understand what you did there? 
LONG PAUSE ... STILL VERY NOISY IN BACKGROUND. 

'paul: I'm not sure why I said false. 
Researcher: You're not sure? Okay. And tell me. Is this one the same as 2.27 

{r .. 'cn·inn to sketch 
Paul: it's not the same. 
Researcher: Why what's different? 
Paul: Because onlv three tloints is the circumference of the circle. 
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x. 
Paul: First of all, it's not a 
Researcher: So that's not a 
Paul: And then I said that ... I 

Researcber: 
here is twice that 

so this is the 
and Q8. 

to sketch) elIl1pnllSISllG 
you seen it before? 

Paul: I did see like that. 

to 50 

Researcher: Q8. you say that's true? or do you agree with the statement. 
Paul: I agree with the statement, yes. 
Researcber: ... Now with the statement, then we're the 

between chord So that would be the theorem that we 
and are 

Paul: too to make out 
Researcber: So there's no difference between 
Paul: No ... there is a difference. 
Researcber: what's the difference? 

it correctly? 

Paul: The ... the three parts of the triangle is the circumference, but 
it's only two. 
so here we have three touch the circumference, and there we 

A, B and C on and the latter part 

Paul: Two last few 
Researcber: So can we still use the same reason? 
Paul: No, sir. 
Researcher: No, 

of sentence not 
Paul: we are it. 
Researcher: So you agree that if that is 25 then x must also be 25 

and tell me did you get a strategy or mechanism to use to solve the 
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SO MUCH BACKGROUND NOISE THAT STUDENT'S ANSWER IS 
HARDLY AUDmLE. 

Paul: No (rest of sentence mUI~tmCLJ. 
Researcher: Alright, so at it and seeing if that tries to work there? 
Paul: Yes. 
Researcber: Okay ... Lets over page) ... Here we go ... in QlO. You said that 

the at the centre twice the ... so you agree with that 
statement. So you don't have a with 

Paul: No, sir. 
Researcher: Its fine ... So is AOB the 
Paul: too 
Researcher: Okay, okay go onto QU. which means 

you don't agree with that reason. 
Paul: LONG PAUSE ... 
Researcber: And that means you don't agree: The between tangent and 

chord is eaual to the anale in the to reason of 
no. 11). 
the same 

to 2.7) ... Is it 

Paul: It is the same _ _ 
these line' r6-1'6"';nft 

Researcher: This line between tbat one 
and that one 

Paul: There's no there. 
Researcher: Thev're exactlv the same? 
Paul: Yes .. 
Researcher: So I can use the theorem fur this one to sketch no. I I ). 
Paul: Yes softly). 
Researcber: But you said it was false. 
Paul: '" PAUSE. 
Researcher: So you still 
Paul: No 

with it 

Researcher: I'm you now? 
Paul: •.• 

false? 

now go to You said that is true. Now, are we 
same strategy as we used in no.ll. 

the same, sir. 
Researcber: Okay, so the between the tangent and the chord is equal to the 

the 

in the other So the between and chord is to 
the in this the same 
theorem and no.l1). So 
you don't have a 

Paul: No, sir ... I'm 
Researcber: ... lets go onto Again you said it was false. What I want to 

look at is do you say it is false? Because say it is false then 
obviouslv don't agree with my statement. So don't you agree 
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LONG PAUSE ... 
Paul: I'm not sure why ... 
Researcher: is QP a 

QP isa 
Researcher: is it a tangent? 
Paul: As its drawn to the circumference ... 
Researcher: Because its draw? ... 
Paul: ••• to the sir. 
Researcher: Okay ... will QR be a tangent? 
Paul: Yes, it can be a tangent. 
Researcher: 
Paul: Because umm ... because it's drawn to the circle. 
Researcher: So it's drawn through the 
Paul: Yes. 
Researcher: and how do you define a 
Paul: A tangent is a line that touches the circumference of a circle. 
Researcher: That touches the circumference of a ... circle, so QR, does that line touch 

the circumference of a circle? 
Paul: Yes, it touches. 
Researcher: where does it touch. 
Paul: ••• 
Researcher: R ... 
Paul: There at Q 
Researcher: But is the circle 
Paul: No ... 
Researcher: so there's still that confusion about what's meant 

lets look at no. 14. How did you go about deriving that's true. 
show me or show me how that. 

Paul: I remember that we used to exterior 
to 78 is equal to the 

Researcher: Okay, so 
Paul: •.• x, yes. 
Researcher: not the 

that's theorem we're 

Paul: No ... 
Researcher: What's different? 
Paul: This line here ... line TV ... 
Researcher: Okay, the line TV is 

line TV away, will that angle 
Paul: it will still be x. 
Researcher: Just that part there llnlllcates x on 
Paul: Yes. 
Researcher: 

(does not indicate here what he is 

word ... and if we take the 
be x? 

to the interior 
Now what 
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exterior is ... is 
the same as no.14. 

Paul: Yes it is the same. 
Researcher: so there's no with that? 
Paul: No 

if we check 

INTERVIEW 20 (WARDA) 

Researcher: ... onto Q1. You said Ql is true, do you think its true? 
Do 

Warda: No, I 
Researcher: 

the statement? ... PAUSE __ . Would you still say its true? 
so now. 

not? ... Can you hear her? Must she talk louder? to video-

Warda: No, now it's the same, sir. 
Researcher: It's the same? 
Warda:Umm 
Researcher: 

sketches the same to you or are 
Warda: different. 
Researcher: and are they different? 
Warda: That is umm ... I think, of a are the same, the segments are 

... and that is at the centre is the same as anl!:Je at the 
circumference. 

Researcher: so number 2 is based on 2.6 back to Okay, that's the two 
theorems that you gave me. what about number 3. You said its true, 
so that means agree with the statement: subtended 
arc QR, you happy with that? You its true, 
LONG PAUSE... is that the theorem we're 

Warda: That is the theorem I don't think so. 
Researcher: What, what doesn't look to 
Warda: Because S don't touch the circumference. 
Researcher: Because S is not on the circumference .. , Okay. fine. Now what about no. 4? 

. . is it the same as 
Warda: No. it is not the same. 
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Researcher: And are we using that one ... (refers to 2.2) 
Warda: We're using that one. 
Researcher: And did your teacher give you a strategy to find the angles that are equal? A 

way of finding it or do you just look and make a deduction? 
Warda: Look and make a deduction. That's how we do it in class. 
Researcher: And Q4 and Q6 are more or less the same? 
Warda: Umm (agrees). 
Researcher: Would you say that in Ql,2,3,4 and 6 we're using exactly the same 

theorem? or which ones? 
Warda: I think this one is different (pointing to Q2). 
Researcher: That one? only no.2 is different? 
Warda: ... These are the same (points to Ql,3,6 and 4). 
Researcher: So 1 and 6,3 and 4 are the same. Alright now, Q7. How did you go about 

making that deduction. Do you agree that opposite angles of a cyclic quad 
are supplementary? 

Warda: Yes. 
Researcher: So that's why that one is 70 degrees. Okay ... what is a cyclic quad? 
Warda: Its umm ... its four comers ... say with a circle its four comers .,. which ... its in 

the ... how can I say it ... a quadrilateral inside the circle '" four points 
that's on the circle. 

Researcher: The four points must be ... on the circle. 
Warda: On the circle. 
Researcher: Okay, so is that a quadrilateral with the four points on the circle? 
Warda: No, it isn't ... (rest of sentence not clear, too much noise from other children in 

the background). 
Researcher: Okay, so it's still a cyclic quad for you? 
Warda: ... (must have nodded affirmative, cannot see or hear her answer). 
Researcher: And if it is a cyclic quad then that is true ... okay ... but now remember you 

defined the cyclic quad as the four points must be on the circle, so ifthat 
point (refers to point 0) is not on the circle then is that still a cyclic quad. 

Warda:No ... 
Researcher: And it can't be ... and that means you can't make use of the property. Okay 

... umm '" Is there some way that you would try and calculate x? How 
would you try and calculate angle x there? ... Now that you know it's false 
... What would x be? 

Warda: I don't know. 
Researcher: Not sure? ... Okay, that's fine. Lets go onto no. 8. How would you go about 

solving Q8? 
Warda: Exterior angles is equal to the interior opposite angles. 
Researcher: The exterior angle? 
Warda: ..• Is equal to the interior opposite angle. 
Researcher: Of a cyclic quad, or ... of what ... Of the triangle? 
Warda: Ofa cyclic quad. 
Researcher: Okay, of a cyclic quad. Now if you check with me. I've said that x is equal 

to 65 degrees. The angle between a tangent and a chord is equal to the 
angle in the other ... segment. Now you've already mentioned that theorem, 

85 

Warda: Yes. 

that one there ... (refers to Q2.7). Are we using this over there? (refers to 
Q8). 

Researcher: Are the two sketches exactly the same? 
Warda: No. 
Researcher: What's different? 
Warda: The point is not on the circumference. 
Researcher: ••• Not on the circumference. Okay, so ... can we still apply that? (refers to 

2.7). 
Warda: Yes, sir. 
Researcher: You can still apply that even though the point is not on the circumference. 

Okay ... and what about Q9. You said its true and I'm using exactly the 
same reason: Angle between tangent and chord, so that's the theorem there 
... Can we use that theorem there? 

Warda: Yes 
Researcher: Okay, so we can still use it there, because that's why you said its true, hey! 

... Okay, lets go onto QlO, quickly ... (researcher turns page). You said that 
was true, that's fine. Okay, Ql1. Again its angle between the tangent and a 
chord, that's why x = 82 degrees. Would you agree with that, and then, are 
we still using that theorem, are we applying that one (refers to 2.7). 

Warda: Yes ... (speaks softly). 
Researcher: What do you think is the difference between this one (refers to 2.7), if there 

is, and Qll? 
Warda: •.. (points to sketch, but says nothing). 
Researcher: ... the x? 
Warda: ... the x is outside. 
Researcher: the x is outside of ... 
Warda: ••• the circle. 
Researcher: Of the ... where as here (refers to 2.7) everything is inside. So could we still 

use this theorem (refers to 2.7) to answer that one (refers to Qll). 
Warda: No ... 
Researcher: No, because x is outside. Okay, so obviously then it wouldn't be true. Okay 

... umm ... what about Q13. What do you understand by a tangent. What is 
a tangent? 

Warda: It's a line that touches the circle at a certain point. 
Researcher: At one point ... So would PQ be considered a tangent? 
Warda: Yes ... (speaks softly). 
Researcher: And would RQ be a tangent? 
Warda:No ... 
Researcher: Why wouldn't it be a tangent? 
Warda: Because it touches the circle at Rand S. 
Researcher: Right, because it touches the circle at Rand S. Okay, so I said x = 57, that's 

x there (indicates on sketch) and my reason: is because PQ = QR and ... 
what I'm doing ... I'm looking at this one. Can I use that theorem, there? 
(refers to 2.9) ... Because for this to apply I need two tangents? 

Warda: No ... . 
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Researcher: So that means you cannot use that particular theorem. 
with that so you were that the exterior 
to the interior Would you agree 

Warda: Yes. 
Researcher: So there's no oroblem with that. 
Warda: No. 
Researcher: Okay, and is that exterior angle the same as nO.14'8 exterior 
Warda: No. 
Researcher: think is different? 

divided into two. Warda: This is 
Researcher: line Okay, but that is a 

you can still use it 

INTERVIEW 21 \<>V1UHj 

Researcher: ... So we'll start with ... Here we 
means you agree that 
Do you still agree with 

Okay, you said it was true. That 
the same arc or chord are equal. 

Sonia: No. 
Researcher: 
Sonia: it This one here, are you me this one (points to Q3). 
Researcher: Ja 
Sonia: Because it'll not the circumference (pointing to 
Researcher: So S is not on the So can you use that theorem (refers to 
Sonia: No ... its not the circumference. 
Researcher: No because not So you won't with your answer there 

that's fine. are more or less same. Am I 

Am I right ... And do answers? LOTS 
OF NOISE IN BACKGROUND. 

Sonia: No. 
Researcher: So that's fine. What about 
Sonia: I do not like that one. 

with the 
we have the same ... 
with it. 

Researcher: Can you what to do or what you were 
there. 

Sonia: I mistook it for this to saw this ... the centre angle at the 
centre '" So I took it ... angle at centre is twice the angle at the 
circumference. 

Researcher: Okay, so that's x is 
Now I also said x == 70: 
with that? 
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Sonia: No. 

the circle line. 
you had to look for another 

Sonia: Yes. 
Researcher: Now, let to you, what should have If that is 110 

to then this one here (refers to reflex POR) will be 220 

Sonia: the outside. 
Researcher: Outside ... and if that is 220 ... from 360 ... will you x, 
Sonia: Oh! 
Researcher: ... because 

above 0 on the ... then this at 
the centre for that one, but since its here 
outside. 

Sonia: 011, yes. 
Researcher: so that's what went astray there. Umm ... QS. You said its true, which 

Sonia: No ... 
Researcher: 

Researcher: 

means you agree with my and since all the other 
correct to test 1)... is the theorem we're 

about to 2.7) ... so are we aDDlving this theorem over there? 

tOllchinll' the circumference 

... Can you talk me 

Sonia: Isn't there a clearer one had scribbled allover her 
Researcher: You want this? hands her a clean sheet with sketch. 
Sonia: I had the same one like this in the exams ... What did I say, sir ... It's false. 
Researcher: You said false, 
Sonia: AmI 

back here. I've said ... I said x 25: 
to the in the other 
because that 

to tell me is .. . 
decided there ... false. 

25 dee:rees (refers to B) ... then how can this be 

Researcher: So it can't 
Sonia: Umm ... I took it 
Researcher: But its conlUlllII1$ 
Sonia: Yes. 
Researcher: '" the solution to the 
Sonia: 
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I 
I 

Researcher: 

Sonia: I'm now. Is it this one (-~ .• -.;--
is not on the outside. 

Researcber: Its not on the outside. Okay, so it would be false. So if x was inside there 
1) and S was on the circumference. then it would be 

Sonia: Yes. 
Researcher: fine. Q13. You said true. That means you with my statement? 

GOES IN BACKGROUND 
... Can you hear us? 

Sonia: 

Researcber: 
Sonia:Umm ... 
Researcber: Or let me ask. What is 
Sonia: Its ... I want to draw it. 
Researcber: Ja ... here ... 
Sonia: (she 

... only at one 
Researcber: ... so that's a tangent. So 
Sonia: Yes. 
Researcher: And 
Sonia: No, I don't think so, because its not 

... but its bisecting the 

What do you understand by a 

here's a line lwinl!: (draws line under 

the '" to circumference of 

... so then that would have been ... 

Researcber: 

Sonia: That's an 

interior so 78 
to that okay, then divided 

_ to the one side. 
the reason? The exterior angle is eaual to the 

... no. 16. You said true. 

Researcber: .n So by saying true, you with what I said there. x 57 
is eaual to the interior the exterior of a 

Is that true? 
sir its not ... 

Researcher: 
Sonia: Umm ... was my exterior wouldn't this be my interior 

to I!:iven 57 and 
Researcber: of course is is that the exterior ofa 

Sonia: Ohh ... No! 
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Researcher: 
Sonia: I would to my), because ... or it could be an 

outside, here, or here to at T 
and 

Researcher: So you would 8IUee that that's a headache. 
Sonia: Yes. 
Researcber: now let me just show you ... {rp_qearr:ner 

Sonia: 
the 

90 




