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ABSTRACT

This study investigates how grade 12 students understand and solve geometric
problems, A review of the literature on “how students learn and understand geometry”
is used to develop a conceptual framework for discussion. The framework is used to
assess students’ level of understanding and to analyse their difficulties in solving

geometric problems.

The study was conducted at four low achieving schools in mathematics (based on
student performance in the South African Senior Certificate Examination). It involved
267 students across the schools. The students’ level of understanding was assessed
through the use of two tests. These tests were designed to cover 80% of the grade 11
syllabus and involved the testing of a terminology framework (test 1) and problem
solving exercises (test 2). Test 1 included 10 items where stents were asked to
complete statements, as well as 9 items where students were asked to write down

properties from given sketches. Test 2 included 16 items of true or false responses.

An in-depth analysis of 21 students, who produced a score of more than 70% in test 1,
provided greater insight into how students learn and engage in problem solving
activity. The 21 students were interviewed and questioned in connection with their

performance in test 2.

The results of the study suggest that the majority of students do not possess a
theoretical framework, consequently showing that they are unable to engage in
problem solving. However, the fact that some students possessed a theoretical

framework, did not necessarily mean a better performance in problem solving. The



findings suggest that students’ lacked a strategy for applying their theory. They were
looking for “prototypes’, as presented by their teacher and were unable to engage with

the problems where the orientation of the diagrams was different.

The overall findings of the study revealed that at least 75% of the students had low
levels of understanding geometry. There will be very little improvement in geometry
performance, unless teaching practices change and teachers take into consideration
the difficulties that students experience. The potential value of the results in this

research for use in geometry classrooms is discussed.
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CHAPTER 1
INTRODUCTION
1.1. Background

“Sir, I hate geometry”

These were words so éommonly expressed by my grade 10 students virtually
throughout my 19 years of teaching senior mathematig:s. This expression, I believe, is
also common to teachers in a vast number of schools. This hate for geometry
manifested itself in many different ways, including, absolute disinterest in geometry,
avoiding problem-solving activities and just poor results in geometry tests and
examinations. As a sub-examiner for ten years and examiner for 3 years in the Senior
Certificate Examination, I have witnessed the poor performance of students in the
geometry section of the South African school-leaving matriculation examination. It
was sad to see the errors that students were guilty of. Simply reading through the

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

Was the above related to poor teaching? Was it related to the way students learned or
understood geometry? Was it a combination of the two? I discovered that the majority
of my students came through a very traditional mode of teaching. They were
undoubtedly passive learners and were not encouraged to engage in a ‘hands-on’
approach. The teacher, according to my students, would simply write on the board:
Theorem 1, write down the statement, draw the sketch, write down what was given,
what was required to prove and add any construction lines. This presentation was

common in all textbooks (or should I rather say, reluctantly, most, since all the text



books we used at school had the same approach). After the third or fourth theorem
was completed in exactly the same way, students who had already switched-off, were

expected to apply those theorems to an exercise.

My response to this was to allow students to explore and investigate theorems through
the use of tracing paper or cutting out angles. This had the desired effect in that
students suddenly became more interested and more invblyed in their own learning
and understanding of geometry. This hands-on approach really rekindled their love for
geometry. However, despite their enthusiaém, knowledge of theorems and better
results in tests, I realised that the students still battled with some problem-solving
_activities. Unscientifically, I looked at issues of strategies for problem solving,
development of schemas (I may have used different terminology for this
development) and effects of prototypes. I say unscientifically, simply because I would
think of something and react or respond accordingly, purely based on my “gut-
feeling” and not on any statistics. This kindled a desire to do some formal research in
geometry, especially circle geometry, because of the value attached to it in the
matriculation examination. I always asked myself the question, how do my students
think, learn or understand geometry? Sometimes they responded so positively and
seemed to understand concepts that I was taken aback by their poor responses in a test

or examination.

I left the teaching profession with most of the above thoughts mulling around in my

head and entered into a new domain by working predominantly with teachers in NGO

project work. Immediately, I discovered that the teachers I worked with had enormous




problems with the teaching and learning of geometry. This really 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 18-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 ﬁeriod across the four schools with

limited success. Students were not encouraged to do mathematics on the higher-grade.
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TABLE 1.1: Number of students and pass rates per school for 1996 — 1999

Number of students

SCHOOL 96 | 97 98 99
PORTLAND 98 | 112 | 144 88
GLENDALE 30 | 62 50 32
ESANGWENI | 59 | 49 61 40
SINETHEMBA | 41 37 61 53

Pass Rates in %

96 97 98 99
255 | 214 52 72.7
133 4.8 34 40.6
11.8 8.1 15 12.5
219 | 351 27 49

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

pass rates in 1996 and 1997. The above pass rates reflect the overall results for

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

(Euclidean Geometry, Analytical Geometry and Trigonometry) results.

I have also included the following statistics merely to emphasise my concern for the

teaching and learning of geometry. The table below (table 1.2) reflects the average

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

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

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

TABLE 1.2: Average Marks per question in geometry examination

school s Average mark Average Mark total (50) | number of
for question 6. for question 7. students
Total mark (25) | Total .mark (25)

Esangweni | 2.7 12 3.0 28

Sinethemba | 4,8 3,9 87 35

Portland 6,7 5 11,7 88

Glendale 5,1 0 5,1 55




Question 6 included the previous year’s grade 11 geometry, which involved the
following sections: subtended angles of a circle, tangents and cyclic quadrilaterals
(sections that form the core of this investigation). One formal proof was included for
7 marks and two problem-solving activities forAIS marks. The average mark for this
question across the four schools was 4.8 or 19%. This result raised alarm bells for me

and I wanted to try to find reasons for these poor results.

Question 7 included the grade 12 geometry, namely, proportional theorems and
similarity (sections not included in this investigation). One formal proof was included

for 7 marks and two problem-solving activities for 18 marks.

It must be noted that the geometry component counts approximately 34% for standard
grade and 35% for higher grade in the matriculation examination paper 2. The grade
11 geometry plays an important scaffolding role in the problem solving activities for
grade 12. For this reason I decided that the focus of this investigation would be based
on grade 11 geometry. More specifically it would be based on the sections mentioned

earlier: subtended angles in a circle, cyclic quadrilaterals and tangents.
1.3. CONTEXT

I found the following statement by Clements and Battista very useful in terms of the
difficulties in geometry in the United States. It made me realise that it is not only a

problem in South Africa. Clements and Battista (1992, pg 420) claims that:

According to extensive evaluations of mathematics learning ,

elemeniary and middle school students in the United States are



failing basic geometric concepts and geometric problem solving ;
they are woefully underprepared for the study of more

sophisticated geometric concepts and proof.

There are similar trends in South Africa of students being woefully underprepared or
in some cases wholly unprepared. This could be ascribed to a number of factors that
include the following: overcrowded classrooms, a shortage of qualified teachers,
home environment of the majority of our students, inadequate facilities, gangsterism
or peer pressure, disruption of school time, student motivation and a lack of teaching
materials. These factors, amongst others, contribute toward low levels of attainment in
mathematics generally and geometry particularly. The fact that South African pupils
were declared “worst in maths, science” (Cape Argus, 7 December 2000) and “dunces
of Africa” (Sunday Times, 16 July 2000) places, to some extent, this study into
context. Some teachers have rated geometry as the most difficult mathematical tépic
to teach and difficult for students to learn. An attempt to answer the following
question:

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

lies at the heart of this investigation.

A number of reasons have been cited for the low achievement in geometry, one of
which refers to the teaching of geometry. Instruction is assumed 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 claimed that an enhancement of teachers’ content knowledge will influence

instructional practice (Swafford, Jones, & Thornton, 1997).



Some mathematicians also claim that much learning of geometric concepts has been
rote (Clements, & Battista, 1992). Mayberry (1983) suggests that some properties,
class inclusions, relationships, and implications are often not perceived or understood
by students. The South African geometry curriculum in lower grades is based on
students recognising and naming geometric shapes, writing the proper symbolism for
simple concepts, developing skill with measurement and construction tools such as a
compass and protractor (in some cases these instruments are not even used) and using
formulas. It seems like a “hodgepodge’ of unrelated concepts and could be the main

reason for an impoverished geometry curriculum (Porter, 1989).

Porter (1989, pg. 11) also highlights, what has already been mentioned, an interesting
phenomenon that some teachers spent “virtually no time teaching geometry” and
geometry was merely taught for ‘exposure’. I have encountered similar experiences
with teachers who avoid teaching geometry. Students are only taught algebra,
trigonometry and co-ordinate geometry. Many teachers rated the opportunity (in terms
of time spent) to learn geometry much lower than the opportunity to learn any other

" topic and the traditional emphasis has been placed on formal proof, despite the
inability or lack of readiness of students to deal with such proofs (Clements and
Battista, 1992). Apart from the fact that some teachers are unqualified and have
difficulty teaching geometry, they are unaware of the difficulties that students

experience.

I was specifically interested in a research area that would in some way provide
solutions that would assist in the teaching of geometry or provide a framework for

further research in geometry classrooms,



1.4 Rationale and Title

The focus of this study is on students and how they understand and solve geometric
problems. It was difficult for me to ease the tension betv?een skills-development and
conceptual development. Should teachers spend more or less time on conceptual
development? How do we then assess conceptual development? Is it the ability to
articulate a concept? Is it the ability to apply the concept in a problem-solving
activity? Does mere regurgitation of definitions or theorems reflect a lack of

understanding?

It must be noted that the matriculation examination requires that students have a clear
understanding of theorems and that they engage in abstract thought. It is expected that
students know their definitions and theorems. They are required to write down the
definitions and theorems in words. The problem-solving activities are based on a
given sketch and students have to answer questions based on these sketches by

applying their understanding of the theorems and definitions.

There are many teachers who believe that once these definitions and theorems are
well known, then their students will do well in problem solving activities. It was
precisely these thoughts that prompted the use of the following scheme as a model

(table 1.3) in this investigation.



TABLE 1.3: Rationale

C

A B
COMPLETE
STATEMENTS VISUALISATION

APPLICATION
(PROBLEM SOLVING
ACTIVITIES)

The above table represents the rationale for this investigation, which involves three

crucial areas in the understanding and learning of geometry. The model presented in

table 1.3 above is based on what grade 12 students are expected to do and highlights

the following:

e Block A represents the ability of students to articulate their definitions and

theorems in words, by completing given statements.

e Block B represents the ability of students to visualise the definitions or theorems

from a given sketch.

o A and B combined provides a geometrical register from which students operate. By

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

contains the terminology needed to solve problems. This register is assembled in

two ways, namely, through rote (memorisation) or understanding or a mixture of

both.

¢ Block C represents the ability of students to apply their geometrical register to

problem solving activities.




The aim of this study was to examine and focus on the following assumption:

e If A and B are not in place (or if the geometric register is non-existent), then
students will struggle with C, i.e. they will have difficulty in problem-solving
activities.

e If A and B are in place (or the geometric register exists), then there exist at least

two possibilities, which form the core of this investigation. |
1. Students should perform well in C.
2. Students may struggle with C, because the orientation of the
sketches are different to those that occur in B, It is at this point
that the role and impact of prototypes may be the cause or
attributing factor of a low-achievement in C. By prototypes I
refer to sketches that are used to introduce a theorem and its
that visual impression (i.e. a particular orientation) of the
theorem that students use as the only indicator for the

application of the theorem.

1.5.  Title and Aim(s)

Using the framework presented in table 1.3 the aim(s) of the study can be formulated

in the following way:

1. To look at student performances in geometry tests and to ascertain whether the
students have a basic knowledge of circle geometry. This is an assessment of the
geometric register and will provide an answer to the question: Do students have
the ability to complete statements in words and to visualise these statements

through given sketches?
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2. To compare results of test items across the different tests, by noting differences
between the visual and the writing down of statements.

3. To look at examples of items in students’ geometrical register, by highlighting
issues of language and misconceptions.

4. To look at the role of schemas and prototypes in the students’ geometrical register

and its impact on problem solving.

The focus of this study is to investigate how grade 12 students learn and understand

circle geometry. I have used the following title for this study:

AN INVESTIGATION INTO HOW GRADE 12 STUDENTS

UNDERSTAND AND SOLVE GEOMETRIC PROBLEMS.

1.6. Outline of Contents

Chapter 1 provides the background to this study. I use my experience as a
mathematics teacher, examiner and teacher trainer to convey issues around the
teaching of geometry. The chapter also refers to the difficulties that teachers’
experience in teaching mathematics, in general and geometry specifically. It includes
aspects of mathematics teaching in the South African context. The rationale and aims

are used to introduce the title of the study.
Chapter 2 provides an understanding of research in the teaching of geometry. Issues

around the reasons for the development of an effective geometric register are noted.

The impact of prototypical teaching is highlighted. The chapter also depicts the

11



development of geometric thinking by referring to Piaget and Inhelder, the van Hieles

and others.

Chapter 3 describes the research design and defines the aims and focus of the study. It
provides a detailed procedure for addressing the aims and explains the data collection

techniques and process.

Chapter 4 provides an analysis of the tests and interviews. A detailed item analysis of
test 1 and test 2 is given. There is a discussion on the impact of a geometrical register,
or lack thereof, in problem solving. Striking features arising out of the interviews
provide insight into how students go about solving problems and the difficulties that

they experience.
Chapter 5 concludes with a summary of results stemming from the research. It then

provides recommendations arising from the study and recommendations for future

research.
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CHAPTER 2

LITERATURE REVIEW
2.1. Introduction

This chapter provides an overall perspective of the teaching and learning of geometry.
The 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 register, the impact of prototypes and the development of geometric

thinking.

2.2. Why a Geometric Register?

In all school subjects, but especially mathematics, there is a dire need for teachers as
well as students to see connections in different facets of life. Meaning emerges from
context and connectedness. Without context, nothing makes sense. From a
sociolinguistic perspective, the full meaning of the text is achieved only by
understanding its context (Atweh et al, 1998).

Mathematics teaching poses many challenges for students and teachers. Mathematics
education attempts to understand how mathematics is created, taught and learned
effectively. To achieve this aim the teacher should pay attention to linguistics and
should include the two essential ingredients of mathematics, namely, people and
communication (Durkin, 1989). The role of language is crucial to the development of

mathematics education, as noted by, “mathematics education begins and proceeds in
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language, it advances and stumbles because of language, and its outcomes are often

assessed in language” (Durkin, 1989).

An important function of language is to transmit meaning. A major problem in the use
of language in mathematics education is that meanings conveyed are sometimes very
complex and the words we use tend to have alternative meanings (also a problem in
our multilingual classes). There are many mathematical words that have multiple
meanings and research has provided evidence that students have difficulty interpreting
the words as teachers intend them (Durkin, 1989). It is possible to list ambiguous
words used in mathematical text. This raises an important question: Should
mathematics be taught in ‘mother tongue’ languages? This is an on going debate in
South Africa where Xhosa, Zulu and other Language speakers, especially at

secondary level, receive mathematics instruction in English.

Confusion occurring as a result of differing linguistic interpretations is also
highlighted by Pimm (1987), where teachers use a mathematical ‘dialect’ and students
use non-mathematical meanings in a mathematical context. In this way we have a

development of a mathematical register, which Halliday (1975, pg 65).describes as:

A set of meanings that is appropriate to a particular function of
language, together with the words and structures which express
these meanings. ... We can refer to a ‘mathematics register’, in the
sense of the meanings that belong to the language of mathematics
(the mathematical use of natural language, that is: not mathematics
itself), ... We should not think of a mathematical register as
consisting solely of terminology, or of the development of a

register as simply a process of adding new words.
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A subset of the mathematical register is the geometrical register. This ‘geometrical’
register would therefore include the use of technical terms, certain mathematical
phrases, modes of arguing, coining of new terms, the use of specialist terms, as well

as the visualisation of objects.

The aim of this register is to describe more precisely the relation between
mathematics (geometry in particular) and English, having to do with the social usage
of particular words and expressions and initiate ways of talking, but especially
providing ways of meaning (Pimm, 1987). The register provides mechanisms or ways
to create meaning, that is, ways in which teachers take seriously the function of
transmitting this register and the degree of awareness of the existence of the register
by teachers and students (Pimm, 1987). I see this register as the bridge to

understanding especially in multilingual classrooms.

The creation of meaning within this regi‘ster can occur in a number of
different ways. In the area of proof, which emphasises the role of van
Hiele’s level 3, students develop reasoning ability, as well as the ability to
understand formal definitions (de Villiers, 1987, 1994). De Villiers (1994)
refers to the usefulness in the negotiation of linguistic meaning and
functional meaning for hierarchical classification as depicted by the van
Hiele model. He also found that students could classify hierarchically, but
the students did not find it necessary to do so. This could be a consequence
of the traditional approach to geometry teaching (de Villiers, 1994). This
traditional approach places emphasis on skills and content development

and hardly any time on conceptual development ( Fuys & Liebov, 1997).
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The involvement of students in the learning process cannot be under-
estimated. To increase “understanding of geometric definitions and the
concepts to which they relate, teachers should involve students in the
process of defining geometric concepts” (de Villiers, 1998, pg 2). De
Villiers (1998) suggest that teachers have difficulty in coping with student
responses or ideas in providing their own definitions, hence they avoid
problematic interactions with students. De Villiers (1990) distinguished
between the different functions of proof, by allowing students to record
their own conclusions and conjectures. This approach led to the first stages

of proof.

Within this geometric register, misconceptions can easily occur. Finzer
and Bennet (1995) explored the misconception between drawing and
construction when using Geometer’s sketchpad. They admitted that
students needed a few hours to appreciate the importance of dynamic-
geometry investigations, but by using this approach they claimed that the
understanding of geometry concepts increased. Qing (1997) supports the
use of com;Suter software as an alternative approach to teaching geometry.
Qing found that students struggled with paper, pencil, ruler and compass
exercises and consequently were unable to draw a perfect equilateral
triangle. Students needed to become familiar with most of the features and

this familiarity was achieved by using computer software (Qing, 1997).
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2.3. Prototypgs/

Presmeg (1992) refers to a prototype as a mental representation. Prototypes also exist
or abound in the thinking of all children and these prototypes may be helpful (if
constructed correctly) or unhelpful. Presmeg found that students had a prototypic
image of right angled triangles and that students tended to rearrange the triangles to
conform to their own image of a right angled triangle. These prototypic images are
also found in the mathematical thinking of children at an early stage of schooling.
This also supports the findings of Clements et al (1992) where pre-school children

developed visual (prototype-based) descriptions.

The research findings of Schwarz and Hershkowitz (1999) provide valuable insight
that could easily be used in the teaching of geometry, since there are similarities
between learning the concept of function and learning geometrical concepts. They
suggest that in ‘concept learning’ there are some examples that are more central to
learning than others and these are called prototypes, which have been found to be
important in conceptual judgement. If a verbal definition was presented for a
geometrical concept without any example, students as well as teachers produced the

same prototypical examples.

The findings of Vinner and Hershkowitz (1983) are valuable to this investigation and
could provide a reason for poor performance in geometry. They found that very often
children’s concept images only include the prototypes, which indicates that prototypes -
are the examples of the concept that are constructed first. This provides a reason why

students “tend to identify a concept with one or a few prototypical examples and why

17



the concept image often develops from one unique prototypical example”(Schwarz
and Hershkowitz, 1999, pg 364). These prototypes lead to ‘prototypical judgement’
and serve as a frame of reference so that problems are judged by referring to the

prototype.

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

{(a) visual - refers to the shape of the prototype which serves as criteria for judgement.
It is this kind of judgement, I believe, that leads to ER (Extreme Rubbish)
responses and causes the downfall of many students.

(b) self-attributes of the prototype .

Concept learning is governed by prototypes, which can be beneficial or detrimental
depending on how they are used as a frame of reference to solve problems. A typical
example to represent the above would be the teaching of circle geometry. The
theorem that states ‘The size of the angle, which an arc of a circle subtends at the
centre, is double the size of an angle it subtends at any point on the circle’ is
problematic because of the prototype example used. This aspect is highlighted in the

findings of this study and explained in table 2.1 below.

TABLE 2.1: Prototypes

PROTOTYPE NEGLECTED PROTOTYPES THAT CAUSE ERRORS

£
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In table 2.1, a particular prototype image is given (an image that textbooks and
teachers tend to use to introduce that theorem). The other two images in table 2.1 are
the neglected prototypes that are not often used to introduce that theorem. These
neglected images, I contend, causes errors in the way students’ solve geometric

problems. These are also images that are often not found in the students’ geometric

register.

The prototypicality, according to Schwarz and Hershkowitz, is assessed through the
examples that students invoke, the methods they use pertaining to specific examples,
the links they make and the examples invoked to solve problems. They were able to
ascertain “students’ mental concept images” through qualitative and quantitative
analysis of written solutions and justifications. In their analysis they grouped items
according to prototypicality, part-whole reasoning, and attribute understanding. Their
findings suggests that prototypes served as levers for concept learning within groups
that had numerous experiences with function examples and transformations in their
daily practice. It was interesting to trace these conceptual developments in the

geometric domain.

Geometry is often referred to as the mathematics of space. For some teachers it is seen
as a means of connecting mathematics to the real world. Geometry is an integral part
of the mathematics curriculum and its concepts (perimeter, area, volume, etc)
contribute to the students understanding of number and measurement. Recent studies
emphasise key issues in learning geometry that could lead to greater understanding.

These include spatial visualisation (Triadafillidis, 1995), levels of thinking (Clements,

& Battista, 1992), 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 Piaget, 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 Geometry

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 of the
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 of young children to draw a copy of even
simple shapes is taken as an indication that co-ordination of

actions, rather than passive perception, lies at the foundation of the
conceptual development of space.

I do not want to engage in criticising or endorsing their work since this falls outside
the scope of my investigation, but merely include a report that 2-3 year-old children
are able to distinguish between curvilinear and rectilinear shapes, which is contrary to

their theory (Lovell, 1959).

(b) The van Hieles: Levels of geometric thinking

They suggest that students’ progress through levels of thought in geometry and these

levels include:

e Level 1: Visual: students identify and operate on shapes and other geometric
configurations according to their appearance. These are sometimes visual
prototypes.

e Level 2: Descriptive/Analytic: students recognise and can characterise shapes by
their properties. They see figures as wholes, but now as collections of properties
rather than visual gestalts. These properties arise by observation, measuring,
drawing and modelling.

e Level 3: Abstract/Relational: students are able to give abstract definitions, logical
arguments in the geometric domain, classify figures hierarchically.

s Level 4: Formal Deduction: students are able to establish theorems within an
axiomatic system when they reach this level. Able to construct original proofs and
reason formally by logically interpreting geometric statements.

e JLevel 5: Rigor? Metamathematical: Students are now able to reason formally

about mathematical systems.
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Each van Hiele level is integrated by four key processes of thinking, namely,
identification of an object, working with the definition, classifying objects into
different families and proof of statements, For students to obtain certain levels, they
must master all the processes of that level. My investigation also includes the use of
van Hiele levels, but it integrates the visual (recognition of shapes) with the ability to
articulate statements or theorems and then to make formal or informal deductions.
There are numerous studies that use the van Hiele levels to accurately describe
students’ geometric thinking or simply confirm the usefulness of the levels. These
studies include, amongst others, the following:

e Usiskin (1982) found that 75% of secondary students fit the van Hiele model,
noting that classification at each level varies and is dependent on the instrument
and scoring scheme.

e Burger and Shaughnessy (1986) reported that the behaviour of students was
generally consistent with the van Hieles’ model.

e Clements and Batﬁsta (1992) in summarising declare that the levels appear to exist
and describe students’ geometric development. These were validated through
interviews and written assessments.

e Swafford, Jones, & Thornton (1997) used the van Hiele model as a framework for
discussing students’ cognition and for describing how teachers’ grew in geometric

understanding.

There are also critical issues in using these levels of van Hiele that should be flagged.
Briefly, these issues revolve around interpretation of results as a support for its
validity, the meaning of students ‘at a level’, the meaning of thinking of shapes in

terms of their properties and the observed lack of ‘discontinuities in learning’.
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A common trend in all the studies is the realisation that students are failing to learn
basic geometric concepts and geometric problem solving. T concur with the belief that
in teaching for understanding one should build on a child’s existing ideas. There is
common support for the idea that “one’s representation of space is not a perceptual
‘reading off” of the spatial environment but is built up from prior active manipulation

of that environment” (Clements, Swaminathan, Hannibal, & Sarama, 1999, pg. 192).

In their investigation (Clements, et al, 1999) based on the criteria that young children
(ages 3,5 to 6,9) use to distinguish geometric shapes common in our social-cultural
environment, there was evidence that indicated that the children matched the shapes

to a visual prototype.

Clements, et al (1999) also propose that children at this leve] are starting to form
schemas, which refers to a network of relationships connecting geometric concepts
and processes in specific patterns. It is the unconscious schemas that lead to pattern
matching. These schemas widen to accept more forms to such an extent that it must be
constrained. This theory is supported by evidence “that the largest internal

consistency was for those shapes with less visual and property variance within the
class (circles and squares); the more variance (from rectangles to triangles), the less
internal consistency we found” (1999, pg.207). There are similar problems with older

children.
Pre-school children exhibit working knowledge of simple geometric forms and as

teachers we should build on this knowledge and move beyond it. There are claims that

students fail to reach the descriptive level of geometry in part because they are not
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exposed to it in their early years. This period of geometric inactivity, I believe, leads

to ‘geometrically deprived’ children.

Chinnappan (1998) investigated students’ ability at accessing and making flexible use
of previously learnt knowledge by examining the potential links between mental
models constructed by students, the organisational quality of students’ prior geometric -
knowledge and the use of that knowledge during problem solving. I found this
investigation useful in that some questions concerning students’ ability to remember

or recall prior knowledge and even the way in which they ‘file’ or ‘order’ their

knowledge has been answered to some extent. Chinnappan (1998, pg. 201) notes that:

Studies of this nature that target knowledge building and
application in mathematics are essential if we are to understand the
problem of student fatlure to apply previously learnt mathematical

knowledge to the solution of new problems.

It is essential for us és educators to create student interest and student participation in
classroom learning activities in geometry. Chinnappan’s research shows that student
failure to activate and apply prior knowledge “can be largely attributed to the poor
quality of their mathematical knowledge base”(pg. 202). This knowledge base is
similar to my reference to the geometrical register. The way in which students
organise and assemble their vast geometric information (including definitions,
axioms, theorems, etc) has a strong influence on how this information is activated.
There is a need to focus on the ‘quality of the geometric knowledge structures’ of
students’. This could be achieved through the notions of ‘schema and mental models’,
which according to Chinnappan “serve as powerful constructs in our investigation of

students’ geometric El‘:nowk-':dge base that drives the solution process” (pg. 202).
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Chinnappan (1999) refers to schema as “a cluster of knowledge that contains
information about core concepts, the relations between these concepts and knowledge
about how and when to use these concepts”. (pg. 202). These schema’s will influence
how students organise their knowledge to solve general problems. The organisation or
visualisation of these schema involves looking at key concepts and diagrams that play
a central role on which axioms are built. I argue that in each geometric register there
exists different schema, for example, in circle geometry, you could have a schema for
subtended angles, or cyclic quadrilaterals, or tangent theorems. The use of a
combination of these schema forms a mental model which students use in a problem

solving activity.

Chinpappan highlights two characteristics for understanding geometric schemas:

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

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

The high degree of organisation and spread determines the level of sophistication or
complexity of the schema. To observe the way in which students’ integrate their
schemas means an examin‘ation of their mental models during problem solving
activities. These mental models provide a big picture of the students’ application

ability during problem solving.

The aim of Chinnappan’s study was:

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

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

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

construct.
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Chinnappan (1999) concluded that the knowledge structures of the HA (High-
achieving group of students in mathematics) group was qualitatively superior than
those structures used by the LA (Low-achieving group of students in mathematics)
group. The HA group could integrate their schemas with the demands of the problem
in that they could “search their memory for the relevant geometric schemas” and
bridge the gap. The LA group failed to see connections and focussed on “superficial

aspects”. Chinnappan (1999, pg 213) ascribed this to the fact that:

... these students do not build models of the problem which draw
out the links between their prior schematised knowledge and

elements embedded in the problem,

It does seem to follow from the findings that those students who structure their prior
geometrical knowledge into schemas also develop an understanding of hpw to use that
knowledge productively during problem solving. As educators we need to pay
attention to the conscious (in the case of low-achievers) organisation and development
of a range of schemas and also to the activation of strategies (cannot be neglected) to

solve problems.

Battista (1999) utilised psychological and sociological components to analyse the
cognitive constructions that students made as they enumerated 3D arrays of cubes. He
emphasised the mental processes of abstraction, reflection, perturbation, spatial
structuring, co-ordinatio}n and especially social interaction within pairs, and how these

processes brought about meaningful and powerful student learning,

Battista (1999) refers to the critical mental mechanism of ‘abstraction’, which is the
process “by which the mind selects, co-ordinates, unifies, and registers in memory a

collection of mental items or acts that appear in the attentional field” (pg. 418).
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Understanding, according to Battista, needs more than just understanding, but requires
reflection, which he sees as “the conscious process of re-presenting experiences,
actions, or mental processes” (pg. 418). Meaningful learning occurs when a
perturbation, seen as a “disturbance in mental equilibrium causgd by an unexpected
result or a realisation that something is amiss or does not work™ (pg. 418), occurs.

These perturbations arise as students interact with each other.

He also refers to mental models (that link strongly with Chinnappan’s ideas) as “non-
verbal recall of experience”. He introduces the notion of a ‘scheme’, which he calls
“an organised sequehce of actions or operations that has been abstracted from
experience ankd can be applied in response to similar circumstances” (pg 418). There
is a strong overlap with Chinnappan’s notion of schemas. The terminology mentioned
by Battista was useful in terms of providing some ideas about processes that takes

place in the geometrical register.

Students had to work collaboratively in pairs to predict how many cubes could fit in a
graphically represented box and then to check their predictions. The teacher
monitored the interaction and encouraged communication and collaboration, and
promoted individualy sense making. Case studies were based on pairs of same sex

students in both a high group and a low group.

It was found that differences between their predicted and actual answers resulted in
perturbations that forced them to reflect on their enumeration strategies and their
structuring of the cube arrays. Crucial to the study was the strategy of prediction,

since students could establish the viability of their mental models and enumeration
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schemes, and reflect on and refine their mental models. The perturbations acted as a
stimulus and forced students to refine their strategy and this process could be used in
our inquiry-based geometry classes. Personally it is a useful tool to employ in my own
classroom. Working collaboratively also proved to be useful because students had to
continually establish consensus about problem solutions. In some cases students
consciously tried to make sense of their partners responses, while some did not
understand their partners explanations, but “their final conceptualisations are
influenced by things their partners say and do” (Battista, 1999, pg. 443). However,
personality traits of students (e.g. overbearing students) cannot be underestimated and
this could hinder the collaboration between students. The aspect of
miscommunication, where students interpret their partners’ understandings only in
terms of their own conceptual structures. Battista claims that students generally made
sense of their partner’s communications. This idea of making sense of your partner’s
communications is vital for effective collaboration and even developing the
geometrical register. The success of the study, despite the small sample, was based on
the willingness of students to complete assigned tasks, working collaboratively and
attempting to make sense of solutions. It would be ideal for our students to regularly
engage in active participation, where students reflect on and analyse ideas,
communicate ideas to others and most of all to make sense of what is communicated

to them.

A very important aspect of the study is the acknowledgement that theory building is
guided by teachers and also instructional materials. Teachers, have the power to
establish the culture of inquiry, where students could be encouraged to construct more

sophisticated structurings and enumeration procedures. The findings support the
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notion that direct teacher intervention is sometimes critical to students’ progress and
achievements. Within problem-centred inquiry-based learning, we need to be aware
that the “development of viable theories and concepts is often confused, irregular, and
untidy” (Battista, 1999, pg. 447) and students regularly make mistakes and struggle to
make sense of ideas. The crucial question to teachers is simply when to intervene and
what this intervention entails. Students need repeated and varied opportunities to
properly construct difficult and complex concepts, as well as an ability to check the

viability of their developing mental models in which well organised schemas exist.

Triadafillidis (1995) suggests that students, at secondary level, are unable to identify
| and name shapes like kite, rhombus, trapezium, etc. Their understanding of general
properties of these shapes is poor.‘ Perhaps, there is a problem with the teaching of
these shapes. Triadafillidis (1995) claims that learning in lower secondary school
mathematics has become didactic and analytic, and a ‘hands on’ involvement of
students occurs sporadically. He is concerned with the idea that the learning of these

shapes may be supplemented by active teaching.

Triadafillidis accepts that there is no generalised diagram for a given shape, and
suggest that there is a tendency to rely on certain prototypes. His ideas connect
strongly with earlier thoughts on prototypes. The ‘visual limitation’ is emphasised by
the way concepts are introduced in teaching geometry. If concepts are introduced by
some “prototypical examples, students’ knowledge of a concept is constrained to the
cases that are more often addressed in a textbook or by a teacher, neglecting
uncommon cases” (Triadafillidis, 1995, pg. 226). He suggests that to build a concept

around certain diagrams intensify the misleading potential of prototypical examples.
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Perhaps the development of a schema incorporating a variety of these prototypical

examples could form a basis for geometry teaching,

The representation of a geometrical object should involve the use of diagrams, along
with words, apparatus and activities. Triadafillidis claims that a stimulus does not
have to be figural to be processed visually. He refers to visual processing, which
places emphasis on the process of the stimulus, as a means of overcoming geometry’s
visual limitations “through the recognition and discrimination of a concept’s critical
attributes and the dismissal of the additive ones” (Triadafillidis, 1995, pg. 227). These
visual processing skills are also trainable to some degree. This training should include
perceptual stimuli referring to the concept with other senses apart from vision and
therefore could include touching, manipulating, drawing, etc. This will provide a
‘hands on’ experience for students, which Triadafillidis refer to as haptic exploration.
Haptic exploration includes visualisation and action, and could circumvent some
visual limitations in geometry teaching. These exploration strategies are regulated by
developmental changes in children. At first objects are simply grouped (age 3-4), then
systematic explorations (age 5-6) and methodical (at 6). Strategies are more efficient
as children start to use their fingers. The’se visual and tactile experiences provide
students with an external frame of reference. Triadafillidis claims that by using the
van Hieles model there is a correlation between the development of geometric thought

and the strategies employed in haptic exploration of shapes.
Jerry (1994) plea’s for the defence of geometry, which means handling and feeling

shapes, both two and three-dimensional shapes. Jerry, like Triadafillidis, appeals for a

practical hands-on approach to geometry, which could be a starting point for new
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ideas and investigations. Students should develop a feeling for beauty and symmetry

for underlying patterns (Jerry, 1994).

A limitation to the visual aspects of geometry is that only one hemisphere of the brain
is used when teachers provide these visual aspects of geometry (Hoffer, 1981). For
understanding it seems as if the visual aspects does not provide enough stimulation,

since we need to involve the full brain (Hoffer, 1981).

The aspect of proof or the nature of proof has already been mentioned, but Durrel
(1976) suggest that theorems were ordered completely thematically and that
constructions were treated separately from theorems, Durrel emphasised the use of
‘subtle’ proofs. However, he acknowledges that it is problematic to confront students
in the early stages of geometry with proof. Consequently, he provided proofs in the

appendix and not in the text.

The potential to pick out misunderstandings is useful and valuable as a teaching aid
and as educators we “should aim to provide experiences and support in order to
promote understanding and build positive attitudes towards mathematics and learning
in general” (Triadafillidis, 1995, pg. 234). One way of achieving this positive attitude
is to allow students the space for their own productions and to allow them to evaluate
the work of the fellow students to clear up misapprehensions within a students own

theory (Van den Brink, 1995).

We should allow a tacit interaction among our students and to ensure that students are

able to deliberate the various definitions. The students should be 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 Brink, 1995).
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CHAPTER 3

RESEARCH METHODOLOGY

3.1. Introduction
This chapter reviews the procedures used in the study to investigate how grade 12
students understand and solve geometric problems. It includes a description of the

research design, population and sample, and data collection.
3.2. Research Design

3.2.1. Introduction

Since the focus of this study is based on how grade 12 students understand and solve
geometric problems, the research design involves tests (based on the grade 11
syllabus) and interviews with students based on their performance in the tests. The
aim of the interviews is to focus on the student’s responses in the tests, to look at
procedures and structures, as well as difficulties in their understanding of the
geometric concepts. The interviews will also be used to analyse their ability to reason

carefully and to look at their efficient or inefficient use of their geometric register.
Through this design I will attempt to begin to form an opinion concerning the

following questions:

How grade 12 students perform in tests based on the grade 11 syllabus?
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Do the majority {say 60%) of students have an efficient geometric register? Is this
register intact (are definitions, axioms and theorems known?)

Are students able to complete statements and visualise geometric theorems from
sketches?

Are those students with an intact geometric register able to solve problems?

What are the difficulties around problem solving?
3.2.2. Population and Sample

The study was undertaken at four senior secondary schools during the third term in
2000. These schools (as already mentioned in chapter 1) were involved in an 18-
month pilot project called the Secondary Schools Partnership Project (SSPP) initiated
by the University of Cape Town which ran from July 1998 to 1999, but extended to
2000. All grade 12 mathematics students at each of the schools were included in the
study. The following table 3.1 shows the names of the participating schools, the areas
in which the schools are located, the number of students involved in the study, the

number of teachers teaching grade 12 mathematics and the medium of instruction.

TABLE 3.1: Population and Sample

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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SINETHEMBA | PHILIPPI — 93 2 ENGLISH AND

CROSSROADS XHOSA
ESANGWENI | KHYALITSHA | 79 1 ENGLISH AND
XHOSA

The majority of the students at the schools v}ere from a lower socio-economic
background. All the schools are co-educational. A sample of 267 students was
included in the study. This sampl'e included those students who failed grade 12 in
1999. The schools were also chosen for the study, because geometry was taught at the
schools and the grade 11 geometry, in particular, was completed in 1999. Some grade
11geometry revision also took place, through a series of tutorials after school hours,
in preparation for the June examination in 2000. The majority, if not all, of students
were tested in examinations in June 1999, November 1999 and June 2000. In between
the examinations class tests (control tests for continuous assessment) were used to

assess geometry as well 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.
Testing was a common means of assessment in the four schools. Hence, the reason for
using tests as an instrument.

3.2.3. The Instrument

Two tests were designed. The first aimed to test the geometric register of students

(their bookwork knowledge or theoretical framework), and the second to test their
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ability to apply their geometric register to problems. These tests were designed in the

following way:
(a) Test 1

The matriculation (grade 12) geometry syllabus includes, amongst others, the

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

tangents. Test 1 (See appendix 1), basically a bookwork test, consisted of two parts:

e Part 1 was designed to test the student’s definitional framework as well as their
ability to complete the statements of most of the relevant theorems based on the
three core sections. Part 1 consisted of 10 items.

e Part 2 was designed to test whether students were able to provide a definition or
theorem statement from a given sketch or simply to test their visualisation skills

based on the three core sections. Part 2 consisted of 9 items.

The aims of test 1 were the following:

¢ To see how many students had their geometrical register in place in terms of a
basic geometrical vocabulary.

¢ To see whether they were able to recognise or link a diagram (sketch) to a theorem
or definition.

¢ To look at student performances in the tests by categorising their responses.
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(b) Test 2

Test 2 consisted of 16 items. The test was designed to test students’ ability to apply
their understandings of test 1, through problem solving activities. This test was based
on true or false responses. Students were given a sketch in which they had to solve for
x, where x was a given angle. However, they were also given a solution to each of the
problems. They had to decide whether the given solution was true or false. If false,
students’ had to give a reason and then find the correct value for x. The items were
selected in such a way that all three core sections of the syllabus were tgstéd. Both
tests were submitted to three senior mathematics teachers and my supervisor for

comment and refinement.
3.2.4. The Procedure

~ Students wrote the tests in the week ending 28 July 2000. Dates and times were
finalised with each school. Students were allocated 15 minutes for test 1 and 45
minutes for test 2, without a break between tests. Outside invigilators were used to
administer the tests at each school. A meeting was held with the invigilators to
explain their role in administering the tests. In this way instructions to students were
uniformed and standardised. Invigilators were not allowed to help or assist students,
after the instructions were given. Teachers were not allowed to enter the test venues.
There were no problems or difficulties in administering the tests. All the schools,
especially the mathematics teachers and those teachers who gave their periods for the
tests, as well as the students, co-operated very well with the invigilators. The

researcher supervised the administration of the tests.
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Two experienced mathematics teachers formed a marking panel, while the researcher
acted as the moderator. A detailed training session was held with the markers to
ensure correct application of the memorandum. The following coding system was
used to mark the tests:
() TEST 1: 0 marks for no attempt by the student.

1 mark for the wrong answer.

2 marks for the correct answer.
(b) TEST 2: 0 marks for no attempt by the student.

1 mark for wrong response true or false

2 marks for correct response, i.e. false with correct reason.

3 marks for correct solutioﬁ, i.e. true.

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

for x.
The purpose of the coding system was to provide the researcher with information
regarding ways in which students answered the questions, that is, how many students

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

The results of the tests were returned to the schools within a week. Teachers did not
receive the coded system of marks, because they (and their students) were merely
interested in how their students performed in the tests. So, for test 1, the marking team
only added the solutions with 2 marks. For test 2, the marking team only added the
sblutions with 2, 3 and 4 marks. In other words, the schools only received the name of
the student and their mark for the tests combined. The teachers at each of the schools

were very interested in the results, because they felt that the tests were well designed.
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Some teachers even used the results of the tests as a control test. It must be noted that
this arrangement was not part of the research design agreement, except that schools

would receive the results as soon as it was available.

3.2.5, Interviews

As already mentioned in the rationale for the investigation, it was pointed out that
some students may or may not have their geometrical register in place. Both situations
would impact on the performance of individual students. However, for the purpose of
this investigation, it was decided that only those students who performed very well (at
least 90%) in test 1 would be interviewed. The rationale for this decision was based
on the notion that this group of students would be expected to perform well in test 2
since they knew their theory. This particular group was also chosen because I wanted
to see how they would be able to use their register to solve problems in test 2.
However, this was not the only criterion for being selected as an interviewee. I also
looked for students who obtained a mark of 70% in test 1, but produced interesting
responses in test 2. It was hoped that students chosen to be interviewed would have
used their register and in this way guessing could eliminated from the problem

solving activity in test 2.

Only a sample of the students who did well in test 1 was interviewed. As a focus
question for the interviews the following was highlighted.
If the geometrical register is in place does this lead to better performances in

problem-solving?
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Through the interviews it was hoped that students would reflect on the difficulties and

their struggles or challenges in problem-solving.

After the tests 24 stuvdents (six from each school) were selected and basically included
those who performed well in test 1, as well as those who produced interesting
solutions in test 2. The marking team identified these students. A series of 21
interviews took place. At Portland and Sinethemba 6 students were interviewed. At
Esangweni only 5 students were interviewed, because one of the students did not
arrive for the interview. At Glendale 6 students were interviewed, but only 4
interviews were transcribed. The transcriptions of the two students would not add
value to the investigation ;t)ecause of (a) the attitude of one student who only
answered in monosyllables and showed no interest in the interviews, (b) the home

language of the second student meant that his English 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. The profile consisted of two parts:

Part 1 reflected the performance of the student in the test.

Part 2 provided the researcher with possible lead questions for the interviews.

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

flexibility of the researcher’s interview questions.

The following represents an example of a student profile used in the interviews.
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INTERVIEW SCHEDULE (PART 1 and PART 2)
NAME: BRONWYN DUNCAN
SCHOOL: PORTLAND

ANALYSIS OF TEST RESULTS (PART 1)

TEST STUDENTS RESPONSE | POSSIBLE INTERVIEW
QUEST
TEST 1.1 - 1.10 FULL MARKS
21-29 FULL MARKS except 2.7
TEST 2 4, 5,10, 12FULL MARKS | 1,2,3,6,7,8,9,11, 13, 14,
15, 16

SEMI-STRUCTURED INTERVIEW QUESTIONS (PART 2

Refer Q2.7.  Explain your answer?

Refer Q1. Why do you think this question is true?
Are you familiar with this figure?

Refer Q2: Explain your reasoning in this problem?
How did your teacher explain this?

Refer Q3 How did you go about answering this problem?
Are you familiar with this figure?

Refer Q6 How did you go about answering this problem?
Are you familiar with this figure?

Refer Q7: Why do you think this question is true?
Did your teacher emphasise this definition?

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

Refer Q9: Explain your reasoning in this problem?

Refer Q 10. How-did you go about answering this question?
Are you familiar with this type of figure?

Refer Q11.  Why do you think this question is false?
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Are you familiar with this figure?

Refer Q12.  How did you go about answering this question?
Why did you choose that strategy?

Refer Q13.  Explain your reasoning for this question?
Are you familiar with this figure?

Refer Q14  How did you go about answering this question?
How did your teacher explain this?

Refer Q15 Explain your reasoning for this question?
Why did you choose this strategy?

Refer Q16.  How did you go about answering this question?

What do you mean by that response?

The researcher made a careful study of the learner’s response in the test and used the
profile to guide his questions, while the student received his script and used it as a

frame of reference.
All interviews were conducted at the individual schools. Generally students were keen

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

explaining the probfems.
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CHAPTER 4

DATA ANALYSIS AND DISCUSSION

4,1, Introduction

This chapter presents analysis of data obtained from:

L. Item analysis of tests land test 2 (a quantitative response).
2. Impact of Geometrical Register in problem-solving
3. Transcription of interviews.

The aims 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.

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

3. To look at examples of items in students’ geometrical register.

4. To look at the role of prototypes in the students’ geometrical register.

It is useful at this point to look at the rationale framework (Table 1.3, 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 B are

covered in test 1, while block C is covered in test 2.

C
A B APPLICATION
COMPLETE e (PROBLEM SOL VING
STATEMENTS VISUALISATION ACTIVITIES)
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4.2. Item Analysis of Results for Test 1

The focus of this section is to raise issues relating to the geometrical 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 of the diagrams

causes the most problems in circle geometry as required for grade 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
statements) and question 2 (the visualisation of statements) on the same item in test 1.
For example (see appendix 1):
Test 1: Question 1. Complete the following theorem or definition:
1.1. Angles subtended by the same arcor chord ..............

Question 2. Write down the theorem or definition for each of the diagrams:

22. Diagram Theorem or Definition
~\ PP e
¢ B
|
I A A W 4 i T Y R
C
D

The table indicates that there were 142 correct responses for question 1.1 and 152 for
question 2, a difference of 3.8 % favouring question 2.

TABLE 4.1: Comparing test 1 items in question 1 and question 2

1.1 22 Angles subtended by the same 142 1152 {531 |569 [38
chord/arc are equal ‘

1.2 2.6 Angle at the centre =2 angleat | 165 | 167 | 61.7 {625 |08
circumference
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1.3 2.1 A cyclic quad is a quad with the | 81 160 | 303 |59.9 | 296
four vertices on the
circumference

14 24 Opposite angles of a cyclic quad | 152 | 123 | 56.9 | 46.0 | 10.9
are supplementary

1.5 23 Exterior angle of a cyclicquad = | 172 | 159 | 644 | 59.5 | 49
the interior angle

1.6 none | A tangent is a line that cutsthe | 92 Non | 34.4 | none | none
circle at one point e

1.7 2.7 Angle between tangent and 109 120 [40.8 449 (4.1
chord = angle in alternate
segment

1.8 2.5 Radius is perpendicular to the 87 104 1325 389 |64
tangent

1.9 29 Tangents from a common point | 143 | 117 | 53.5 | 43.8 | 9.7
are =

1.10 2.8 Angle subtended by diameter= | 90 69 33.7 {258 |79
90 degrees

Coding of table;

QUE 1 and QUE 2 represents the test items from test 1
Statement or theorem represents the item tested.

CR1 represents the number of correct responses in question 1. (sample 267).
CR2 represents the number of correct responses in question 2. (sample 267).
%1 represents CR1 expressed as a percentage,
%2 represents CR2 expressed as a percentage.
%D represents the difference between %! and %2

Definition items

Test 1 covered only two definitions that are important for circle geometry, namely,

defining a cyclic quadrilateral and a tangent.

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

students knew the definition of a tangent. Surprisingly, only 34.4% could define it.

Item 1.3 tested the definition of a cyclic quadrilateral and only 30.3% got it correct in

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

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

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

supplementary. The marking 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 figure.

Theorem Items

Each theorem/statement (excluding corollaries) relevant to circle geometry for grade
11 was tested in terms of completing statements and visualising these statements from
given sketches. It must be 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 af

circumference subtended by the same arc/chord. The percentage difference was 0.8,

The biggest discrepancy between completing statements and the visualisation was‘ for
opposite angles of a cyclic quadrilateral are supplementary. The percentage
difference was 10.9. The majority of students had difficulty distinguishing between
the definition and a property of the cyclic quadrilateral. There is evidence that
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 performances in test 1 less than 50 % of students had some kind of
geometric register in place. In Appendix 2a we note that out of 19 items there were
only 9 items with a correct response greater than 50% and the range of correct

responses from 69 to 172 out 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

activities in test 2.
4.3. Categories of Responses

The quality of responses by students provides an insight into the difficulties that
students have in expressing themselves, I have highlighted some categories of
responses, with examples from scripts, based on responses in test 1. These categories

will be re-visited when the interview is discussed in 4.5.
(a) Bad use of language

Examples based on the completing of statements:

Q1.1. Angles subtended by the same arc or chord ...
- equals to an angle of other segment
- angle or the centre are equal

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

(b) Poor understanding of Basic Concepts

QL1 Angles subtended by the same arc or chord ..
equilateral angles which are subtended by the same chord
- are called supplementary angle
- are twice the size of a inscribed angle
-~ equal each other add up to 180°

Q1.2 The angle at the centre of the circle is ...
- the angle at the centre which is zevo
- equal to 30 degree
- perpendicular to the circle

Q1.3 A cyclic quadrilateral is a quadrilateral with ...
- four equal sides
- two equal opposite angles
- aarc or chord
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- acircle

Q1.4 The opposite angles of a cyclic quadrilateral ...
- are equal

Q1.6 A tangent to acircle is a line that ...
- divides the circle into two equal halves
- touches the centre and the circumference
- is joining the midpoint of the chord to the circle

Q1.7 The angle between a tangent and a chord is equal to ...
- 180°
- one another
- 90°

Q1.8 The radius of a circle and a tangent are ...
- 180°
- equal
- s the centre of the circumference
- both equal to 180°

Q1.9 Two tangents drawn from a common point ...
- is the radius

Q1.10 The angle subtended by the diameter ...
- equals to 186°
- equal 30°
- is twice the size of the angle
- is the radius
-~ is equal to 360°
- drawn from the midpoint is a right angle
- then the sides are equal

(c) Random use of terms or concepts without reference to their meanings

(statements that does not make sense)

Q1.1 Angles subtended by the same arc or chord ...
- is the right angle
- cyclic quad
- is perpendicular to the radius

Q1.2 The angle at the centre of the circle is ...
- quadratic equation
- radius
- chord
- point
- perpendicular to the tangent of a chord.

Q1.3 A cyclic quadrilateral is a quadrilateral with ...
- atangent
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- the A of the angles

- perpendicular

- 4 points joined to one chord of a circle.
- The same tangent

- A extra line drawn fo the circle

Q1.4 The opposite angles of a cyclic quadrilateral ...
- triangle
- is the circle or angle which is a circle and has opp. Sides

Q1.5 The exterior angle of a cyclic quadrilateral ...
- Is the angle that are extended
- tangent angle
- vertical line

Q1.6 A tangent to a circle is a line that ...
- pass through the circle and has an outside angle
- cuts the middle of an angle
- are formed
- is attached to the circle that it is subtended by the same chord
- subtends the circle at both sides

Q1.7 The angle between a tangent and a chord is equal to ...
- the midpoint of a circle
- the bisect

Q1.8 The radius of 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

Q1.9 Two tangents drawn from a common point ...
- diamitre
- are common distance
- opposite angles
- rhombus triangle

Q1.10 The angle subtended by the diameter ..
is made of 360° of the angle
- is called a tangent because it is subtended by the diameter
- is equal to the exterior angle of the chord
- Isa fangent
- isequal

It is possible to extract a few other categories, but for the purpose of this study it

suffices to highlight some of the responses that impact on the problem solving
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capabilities of students. It also indicates a confused state of mind of a number of

students, since the quotations have been extracted from a cross-section of the 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 of
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 false. The first part of the table represents exactly the
same information as in 4.1, the second part represent‘s (from appendix 2b) results of
student responses in test 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], [Q14], [Q15] and [Q16]. The questions that required a false response
are indicated by: [Q?], followed vertically by two numbers. The first number indicates
the correct response, but no value for x or the incorrect value for x. The second
number indicates the full solution, namely the correct response and the correct value
for x. A true response is indicated by: [Q?], followed by one number representing the

number of correct responses.
The coding is exactly the same as table 4.1 (coding repeated below table 4.2}, to

facilitate comparisons between the two tests, 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 [ 1), the correct response (in the false category, does not include the value of x)

and the correct solution (in the false category, includes correct value for x).

TABLE 4.2: Analysis of test 2 compared with test 1

TEST 1 Analysis

QUE1 |QUE2 | STATEMENTOR | CR1 | CR2 || TEST 2
THEOREM | [Question]
* Correct response (False)
** Solved for x
1.1 2.2 Angles subtended by | 142 | 152 [Q4] | [Q6]
the same chord/arc 228 224
Row 1 are equal
1.2 2.6 Angle at the centre = | 165 | 167 [Q2] |[Q10]
2 angle at 185 176
Row 2 circumference
13 2.1 A cyclicquadisa 81 160
quad with the four
vertices on the
Row 3 circumference
1.4 2.4 Opposite angles of a | 152 | 123 [Q15]
cyclic quad are 218
Row 4 supplementary
1.5 2.3 Exterior angle of a 172 | 159 [Q15] | [Q16]
cyclic quad = the 218 1*
Row § interior angle 9 **
1.6 none A tangent is a line 92 None
that cuts the circle at
Row 6 one point
1.7 2.7 Angle between 109 | 120 [Q9] |[Q11]
tangent and chord = 3* 6 *
angle in alternate §xx )1 k%
segment [Q16]
1 %
Row 7 g **
1.8 2.5 Radius is 87 104
perpendicular to the
Row 8 tangent
1.9 2.9 Tangents from a 143 | 117
' common point are =
Row 9
1.10 2.8 Angle subtended by | 90 69
diameter = 90
Rowl0 degrees
Coding of table:
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QUE 1 and QUE 2 represents the test items.

Statement or theorem represents the item tested.

CR1 represents the number of correct responses in question 1. (sample 267).
CR2 represents the number of correct responses in question 2. (sample 267).

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

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

1.1 22 Angles subtended by | 142 [Q4] |[Q6]
the same chord/arc 228 224
Row 1 are equal

(1) In row 1, the first application in test 2 based on the theorem [Angles subtended
by the same chord/arc are equal] only 25 students responded correctly, but only
16 solved for x, while in question 4 and question 6, 228 and 224 students

respectively responded correctly.

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 guessed the correct response, because they performed poorly in test 1 and
their geometric register was not in place. However, another possibility was that the
sketches may have triggered a familiar look about it (teacher’s may have done a

similar 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 repeated very often in my
teaching and so do many other teachers in my observations of classroom teaching.
This same strategy was also applied to question 3 in test 2 where 150 students
responded incorrectly. The orientation of this figure was similar to the one used in test
1, but one of the subtended angles was not at the circumference. Only 25 students
realised that the answer was false and only 16 out of the 25 managed to give the
correct value for x. The fact that the vertex S was not on the circumference served as a
strong distracter and the majority of students inappropriately applied the subtended

angle theorem.

1.2 2.6 Angle at the centre= | 165 | 167 [Q2] | [Q10]
2 angle at 185 176
Row 2 circumference

EY

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

respectively.

Q1 Q2 ROW 2

The orientation of both sketches was very different and a similar strategy, as noted
inrow 1, was used. However, the fact that the correct statement was given may

also have strongly influenced this correct response from students. The angle at

the centre also triggered a familiar understanding of the sketch. This notion was




strengthened by the students response in question 1, where only 41 students
responded correctly, in terms of false, and 37 out of the 41 responded with the
correct value for x. The orientation of this sketch was different to the one in test
1, where 165 and 167 students responded correctly in the completing of

statements and visualising tests respectively,

‘Due to the nature of test 2 it also seems as if students, especially those students with a
poor geometric register, can spot the correct answer (assuming they did not guess) if
its given, hence the good response to all the true statements. This, however, does not
eliminate the use of good guessing by a number of students. This is a common
observation across all the ‘true’ items in test 2. The questions that yielded false
responses, but looked very familiar despite orientation changes, were generally very
poorly done as reflected in table 4.2. Despite the fact that the sketches in Q1 and Q2,
in particular, were based on the same theorem, admittedly with slightly different

orientations, the difference in responses was very striking.

1.3 2.1 A cyclicquad is a 81 160
quad with the four
vertices on the

Row 3 circumference

(3) In row 3, only 22 students realised that the given sketch in question 7 in test 2
(drawn below), was not a cyclic quadrilateral, despite the fact that 160 students

correctly visualised what a cyclic quadrilateral looked like.
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ROW 3

Q7

AN

S

19—~

)

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

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

students. Of the 22 students that gave the correct response, only 14 managed to solve

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

59.9% could identify a cyclic quadrilateral in test 1.

1.5 2.3 Exterior angle of a 172 | 159 [Q15] | [Q16]
cyclic quad = the 218 1*
Row § interior angle g **

(4) In row 5§, the theorem (the exterior angle of a cyclic quadrilateral is equal to

the interior opposite angle) involved in question 14, 15 and 16 yielded the best

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

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

sketch.
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Q14

Despite these good statistics in test 1 (suggesting that a number of students knew
their theory) only 1 student responded correctly to question 14 (drawn above) in
test 2 and said that x could not be calculated. There was insufficient information.
Perhaps the fact that there was not enough information was something very new
for the students. The orientation of this sketch was similar to the one in test 1, but
included a diagonal, which served as a distracter. This really distracted the
students in that 179 said the given statement in question 14 in test 2 was true.

Students were simply unable to give the correct interior opposite angle.

However, in question 15 (drawn above), 218 students responded correctly. But,
once again question 15 was a true statement. In question 16, 188 students said the
given statement was true, an incorrect response. Only 10 students responded
cotrectly and 9 of them managed to solve for x. In question 14, distinguishing the
interior angle was a problem. While in question 16, they failed to recognise that
the exterior angle of the cyclic quadrilateral suggested as the reason was in fact,

not the exterior angle. In other words angle TUV was not the exterior angle.
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1.7 2.7 Angle between 109 | 120
tangent and chord =
angle in alternate
segment

[Q11]
6 *

1**

Row 7

(5) In rew 7, we note that 109 and 120 students responded correctly in the two
categories, completing the statements and visualising respectively, based on the
theorem the angle between the tangent and the chord is equal to the angle in

the alternate segment.

Q8 Q9 Q11 T
B
P
P
R' 4 8
Q S Q R

However, in applying this theorem students were unable to see the incorrectness of
the given statements in each of the following: (all questions from test 2 and drawn
above).

Question 8: 8 students responded correctly, while 196 said the given

statement was correct. The orientation of this sketch was similar to the one
in test 1, but did not have an angle in the other segment or the point was at
the centre of the circle and not at the circumference. Only 5 out the 8
students managed to solve for x. Only 1.8% solved question 8 correctly,

despite the fact that 44.9% correctly visualised the theorem from a given
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sketch. The fact that the angle was at the centre and not at the
circumference proved to be a distracter. The majority of students fell into
this trap.

- Question 9: Once again only 8 studenfs responded correctly, while 152
thought the given statemént was correct. Students failed to choose the
correct angle in the alternate segment, that is, they accepted that the given
angle x was the angle in the alternate segment. Only 5 students were able
to solve for x. It is clear from the reéponses that virtually all the students
did not have a strategy or a technique for finding the angle in the other
segment. Consequently, only 1.8% solved question 9 correctly.

- Question 11: 7 students responded correctly and only one of them
correctly’noted that x could not be determined. Once again 153 students
agreed with the given statement. This time they did not see that the two
chords meeting at the circumference forming the angle in the alternate
segment was incorrect. The given point was outside of the circle, but this
made no difference to their response.

In all three questions above the fact that the angle in the alternate segment was (1)
inside the circle (2) outside the circle and (3) not subtended by the same chord, made
absolutely no difference to the students’ application of the theorem.

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

Q12
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response conflicts with the results in questions 8, 9 and 11. I believe that
the fact that the given statement was true played a big role and does not
necessarily mean that the students were convinced that their solution was
correct. A limitation to this study is the fact that the true responses did not
yield good responses. As a recommendation for future research the use of
two identical diagrams in the same test with different answers could help
towards good responses from true questions. |

- Question 13 (drawn below): 12 students responded correctly and 6 out of

ROW 9

Q13

the 12 managed to solve for x. A number of students (159 of them) did not
realise that one of the lines were not a tangent. Hence, they applied the wrong

theorem, because they thought that two tangents were given.

The analysis of test 2 showed that the majority of students struggled with different
orientations of sketches and were easily put off by distracters in the form of extra
lines in the sketch or sketches different to the prototype (students first exposure or

introduction to theorem sketches as presented by teachers or textbooks) figures. It also
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highlights the fact that students with or without a good geometric register respond in a

number of different ways. As a summary these ways would include:

¢ simply guessing.

¢ look at familiarity of sketches. (chiefly due to nature of test).

® governed by prototypes (where the sketches in test 1 serves as prototypes) in terms
of not being able to apply theorems when the orientation of the sketch is different.

e lack confidence in solving for x. (only a few fully correct solutions, see appendix 4

or the table below).

The table 4.3 below represents the questions in test 2 that contained all the false

solutions and the number of students that were able to solve for x.

TABLE 4.3: False responses

QUESTIONS FALSE A FALSE B 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 i
16 59 1 9
TOTAL 695 49 171 (out of 2670)

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

The above table has been included to give an indication of how many students out of
the sample 267 were able to solve the questions with false responses. The false
responses were chosen because it provided answers with respect to reasons for the

students’ response as well as an indication of their ability to solve the problem. The
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true responses, as already mentioned, caused problems in terms of an inability to
eliminate or ascertain the degree of guessing or to eliminate the influence of the

correct answer provided in the question.

Only 1.8% were able to say false with a correct reason, while 6.4% of the students
were able to solve for x. This poor percentage included both categories of students,
namely, the group with the geometric register in place {(meaning students’ theoretical
framework is in place), and the group without a geometric register in place (meaning
students’ have a minimal or no theoretical framework). The formation of this
geometric register in the first category of students may be due, as already mentioned,

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

To focus on this investigation “into how grade 12 students understand and solve
geometric problems”, the group of students with an intact geometric register played
an important role. The underlying assumption is that students with a good theoretical
basis of geometric principles should be able to solve basic geometric problems.
However, only 6.4% (171 out of 2670 possible correct responses) of students were
able to solve for the unknown x in 10 problems. The following section provides an
indication of the thought processes of those students with a geometric register in

place.
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4.5. Interviews
Students Perspective

In the previous section I presented the researcher’s perspective, based on the general
responses of students in the two tests, as well as an analysis of the statistics based on
the performance of students in the tests. In this section I present how the students
analysed or solved the problems based on their response in a series of interviews.
Firstly, I highlight the difficulties in conducting the interviews at each school.
Secondly, I suggest a rationale for the interviews. Finally, a look at the striking

features through a series of focus questions.

4.5.1. Difficulties in conducting the interviews and transcribing of tapes

(a) Venues

At Esangweni (computer room), Glendale (science laboratory) and Portland (science
laboratory the venues were not suitable for interviews. The rooms allocated were
easily accessible by other students and staff members resulting in the interruption of
many interviews. Unfortunately, there were no other venues available and the
interview sessions continued. At Sinethemba the mathematics HOD’s office provided

the best venue for the interviews.

(b) Noise
Added to the venue problem was the excessive noise in the background. The noise
came from students who were not in their classroom during lessons, from students

who enjoyed their interval, from knocks on the door and sirens depicting the end of
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periods or beginning and ending of interval. These were all picked up on the

recording tapes, resulting in transcription problems

(c) Indistinct speech of students

A number of students were slightly indistinct during the interview sessions and this
made transcriptions very difficult. Some students were slightly indistinct due to their
inability to pronounce a word, sometimes they were swallowing their words, some
spoke very fast, some engaged in mumbling especially when thinking aloud and some

due to their'lack of confidence in answering questions.

(d) Interview technicalities

Due to the nature of the interviews, students basically had to explain their solutions
and give reasons for their answers, a major stumbling block was transcribing when
students were merely gesturing and pointing to sketches, especially when angles were
not named. Some students had difficulty in expressing themselves in words and used

actions instead. Unfortunately, some of these actions were lost during transcribing.

(e) Personality of student.s

The majority of Astudents were eager and willing to participate in the interviews. Some
were confident in answering the questions promptly (even when wrong) and those
students spoke clearly. There seems to be a correlation between confidence and clarity
of responses. Most of the students remained very positive throughout the interview
despite the time taken and questions (sometimes it seemed like an interrogation)

asked.
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4.5.2. Rationale for interview

In chapter two, the following notion was mooted that if the geometric register exists
then there are two possibilities, which forms the core of this investigation:

1. Students should perform well in problem solving (application of their theory).

2. Students may struggle with problem solving, because the orientation of sketches
was different to those in test 1 question 2. The role of prototypes may be an

attributing factor of low-achievement in problem solving.

The interviews with 21 students have provided a wealth of information in terms of
how students understand their geometric definitions and theorems, how they apply
this understanding, the emotions encountered during problem-solving and the errors
they make in applying their theory. The following section will focus on the responses
of students in the following categories: subtended angles, cyclic quadrilaterals and
tangents. These responses only provide a parti’al picture about possible interactions
between the geometric register and the ability to solve routine problems, especially
how they access that knowledge during problem solving. How they access this

knowledge will determine how to improve current levels of understanding.

At the end of each interview the students were asked to indicate which sketch or
sketches (see appendix 3) were used by their teacher to introduce a particular theorem.
They were asked to rank the top two sketches. Students had no difficulty in choosing
the top two sketches from the given list. This activity, together with the visualisation

of test 1, provided a framework from which students responded. The following table
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represent the responses of students to the four questions based on: subtended angles,
cyclic quadrilaterals and tangents: (See Appendix 4).
Table 4.4 Most familiar sketches - response

sketches are ranked in order of priority:

.{fffff;’&'fffe’e’#ﬁ?’ """" 59“ 2 %

N

e ,«.iff o
iz e

3THEN4 2THEN 5 1 THEN 2
4 THEN 1 2THEN 1 1 THEN 2
3THEN 1 2 THEN 3 1 THEN 2
3THEN4 2THEN 1 1 THEN2
3THEN 1 2THEN S 1 THEN 2
1 THEN 3 1 ONLY 1 THEN 2
3THEN2 2 THEN3 1 THEN 2
3 THEN 4 2 THEN 3 1 ONLY
3THEN2 2 THEN 4 1 ONLY
3 THEN 4 2 THEN § 1 THEN 2
3 THEN 4 2 THEN 3 1 THEN 2
ALL FAMILIAR | 2THENA4 1 ONLY
3THEN 4 1 THEN 3 1 THEN3
1ONLY 2 THEN3 1 THEN 4
3ONLY 2 THEN 5 1 THEN 2
3ONLY 2 THEN 3 1 ONLY
3ONLY 2 THEN 4 1 THEN 2
3 ONLY 2THENS 1 ONLY
3THEN 4 2 THEN 5 1 THEN2
3 ONLY 2 THEN 5 1 THEN 3
3THEN 1 2 THEN 3 1 THEN 4
3 2 1

The information obtained from the above table will be incorporated into the following
analysis of the interviews, which will be divided into the three categories already

mentioned, with 21 students across the four schools.

4.5.3. Striking Features

During the interviews the students’ response to researcher’s questions, based on their
performance in test 2, provided some interesting insights into how students

understand their theorems, insights into their misunderstandings and insights into how
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they utilised their geometric register. In many cases they reinforced some of the
researcher’s perspectives as presented and in some cases provided some strange
solutions based on their own perspective. The aim of this section is to draw on those
parts of interviews that were striking for me as researcher. In each category there is a
focus question followed by student responses in selected sub-divisions. The responses
are in the form of extracts from the interviews. Each category is then summarised by

the researcher’s observations,

The following key will be used to analyse the students’ response. These responses are
based on their performance in test 2.
1) True or false answers are indicated as a correct or incorrect response depending on
the question. For example:
e Question 1 is false. If the student says true, then it is an incorrect response.
e Question 2 is true. If the student says false, then it is an incorrect response.
2) If correct response is false, but students provide a wrong reason or cannot solve
for x then I refer to an incorrect solution.

3) If correct response is false then I refer to a correct or incorrect application.
CATEGORY 1: Subtended Angles
Focus Question: Why did the majority of students perform so poorly in this category,

despite the fact that they knew their theory based on subtended

angles.
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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 well as their performance in test 2.

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

'\‘\.

= — //f T 4//,%/%
] W . /-,}%%W,%,y
Nt 3 %/ z

/
o
6,10, 12,15
4,56,12,15
2,456,10,12,15
1,2,3,45,6,10,12,15
1,2,4,56,10,12
1,2,34,56,10,12,15
2,4,56,10,12,13,15
2,456,10,12,15

e o

45,1012
1,2,3.4,5,6,9,12,15 56.2
1,2,4,5,6,10,12,15 50
4,5,6,10,12,15 373
2,4,5,6,7,10,12.15,16 56.2
10,12,15 187
2,4,6,10,12,15 375
2,4,5,6,10,12,15 437
1,2,3,4,5,6,10,12,15 56.2
2,4.5,6,8,10,12,13,15,16 62.5
2,4,5,6,10,12,15 37
2,4,5,6,10,12,15 237
1,2,4,5,6,10,12,15 50

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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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 I said its
false” (App 6, pp 6). Lance, found himself in a similar position in question 2 and
responded “ Well, I guess I used the same method, which was incorrect, as I did with
Q1 ... I guess. in fact, I 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
very confused by declaring “ ... T don’t really know” (App 6, pp 24), before actually
solving the problem.

(d) The Ah-Ha syndrome. A few of the students were so engrossed in their wrong
explanation and mid-sentence discovered their error. Mzoxolo highlighted this in “Of
course x is ... umm ... no ... I can say x is 20 degrees here (refers to question 1)” (App
6, pp 58).

(e) Difficulty in articulation. Some students had extreme difficulty in expressing
themselves, as depicted by Rafula’s response.

“It was because this (refers question 1) and the subtended are the same ... (long
silence)” (App 6, pp 2). The student was trying to show that the angle at the centre of
the circle was the same as the angle at the circumference. He continues with “ I think
it is because ... there it is not stated ... When I look at this (makes shape of sketch with
finger) I don’t see ... I think this reason is false because I don’t see ... here it is only 60
degrees (points to sketch) which is stated on the ...” (App 6, pp 2). The student
articulates poorly, but tries to overcome this through a variety of gestures. Rafula
once again is unable to see the difference between the angle at the centre and the
angle at the circumference in question 2. This is what he refers to when he says “I
don’t see”. |

(f) Absurd responses. In question 2, Rafula says “ the correct value for x is ... will be
180 degrees” (App 6, pp 2). But, x is an angle in a triangle.

(g) About the sketches. The orientation of the sketches caused confusion as depicted
by Rafula who noted “the sketches are the same but the way they put it, is not the
same”. (App 6, pp 2). Here he refers to the sketches used by his teacher. Vuyolwathu

concurs that there is no difference between question 1 and question 2. Rephwaai said
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“I tﬁink the same thing, oniy 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 centre, so I must say the angle at the centre ...” (App 6, pp16).

(i) Lack of confidence. Geobisa responded as many others did by sighing and saying
“I’m not sure (she whispers)” (App 6, pp 64)

(i) Wrong application of theorem. Some of the students doubled the wrong angle as
in the case of Ndzila who said angle S in question 1 is “x will be 80 degrees” (App 6,

ppl6), instead of 20 degrees.
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 2. 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. There were two very obvious weaknesses
in all their reasoning and this really stood out in the interviews:
(1) Most of the students would clearly staie as a reason “angles subtended by the
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 if the emphasis was simply placed on
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the same chord and not placed on the angle at centre and/or the angle at the
circumference.

(2) Analysing the response of students in test 1, in both completing statements and
visualisation, revealed that virtually all students responded to the theorem “Angles
subtended by the same chord/arc af the circumference are equal”, by leaving out

the underlined bold italics part.

CATEGORY 2: Cyclic Quadrilaterals

Focus Questionf Are students able to distinguish between the definition and the
properties of cyclic quadrilaterals.

Question 7 from Test 2. (Same sketch used to represent Row 3)

ROW 3
Q7

Student Responses

A number of the students interviewed understood the difference between the
definition and the property. As already highlighted the vast majority of students
combined the definition and the property into one definition or statement. So in test 1

question 2.1, students simply said, “the opposite angles of the cyclic quadrilateral

71



ABCD are supplementary”. Responses varied greatly and for this section I will

concentrate on what I thought were interesting responses.

a) Confused

Some students displayed confusion for different reasons, as shown below:

Sonia (App 6, pp 87) simply said, “I do not like that one”. Yet she knew that OPSR is
not a cyclic quadrilateral. She did not like the problem because she could not apply
the theorem that the reflex angle at the centre is also equal to the angle at the
circumference.

Rasmen (App 6. pp 47) was in the same predicament, “Question 7 ... I think umm ... it -
was too difficult for me. I was guessing about it”. Despite his apparent confusion,
with prompting, he managed to get the correct solution using the ‘angle at the centre’

theorem.

Sherizaan (App 6, pp 41) was really confused and struggled to articulate this
confusion. She said

“... I'think I have a problem with the cyclic quad, right? Now, I always think it has to
go like that (indicates something on sketch, draws a true cyclic quad with her fingers)
... so when I see something like that (refers to the question7) ... I always get confused,
because I always think, it can’t be like that, man. So I forgot that ... somebody brought
to my attention the other day in class, that umm ... it has to touch like four places ...

So I was thinking it can be in the middle ... but it just doesn’t seem right to me, like
that ... that’s why I said it ...” ’

b) Changed original responses immediately
A few students changed from a true answer in the test to a false one immediately after
being asked the question in the interview. Bronwyn (App 6, pp35) responded in the

following way:
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Researcher: And the diameter subtends ... 90 degrees ... Okay that’s fine - What
about question 7? You said its true ... would you still agree with that?
Bronwyn: No ... (barely audible).

Researcher: Why not?
Bronwyn: Its not touching all points of a circle (indicating on the sketch) and because

in a cyclic quad its equal to 180 degrees (referring to the angles of a
cyclic quad).

Researcher: Okay, and that ... (pointing to OPSR).

Bronwyn: ... that is not a cyclic quad.

Researcher: So you disagree with what you wrote there ... (pointing to her true
answer in question 7 in her test script).

Bronwyn: ... (must have nodded affirmative)

In the test Bronwyn indicated that OPSR is a cyclic quadrilateral. In the interview she

realised that OPSR is not a cyclic quadrilateral. Lance had similar problems in his

interview.

¢) Incorrect response: not clear understanding of definition

Warda agreed (wrongly) that OPSR in question 7 was a cyclic quadrilateral but really
struggled to articulate her reason and responded with “Its umm ... its four corners ...
say with a circle its four corners ... which ... its inthe ... how canIsayit... a
quadrilateral inside the circle ... four points that’s on the circle” (App 6, pp 85). She
did not distinguish clearly in her mind that a quadrilateral inside the circle and four
points that’s on the circle is not the same.

Gceobisa (App 6, pp 65) displayed similar problems in the following extract:
Researcher: Okay, and what is a cyclic quad?

Geobisa: A cyclic quad is a four-sided figure.

Researcher: Just a four-sided figure?

Geeobisa: No ... with unequal ... (indistinct word).

Researcher: (turns to 2.1) ... is that a cyclic quad ... ABCD.

Gceobisa: Yes. ,

Researcher: Why is that a cyclic quad?

Geobisa: The square is inside the circle.

Researcher: Okay, so you mean in or that the corners touch the circle.

Geobisa: Ja.

By referring back to the theory part of the test helped Geobisa’s understanding of the
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cyclic quadrilateral.

d) Confident correct response to true or false, but provides incorrect application
Paul was very confident in his response, when he said “First of all, its not a cyclic
quad ... I know that if this (indicates to angle 110 degrees) angle here is twice that
angle (referring to x), then this must be half it” (App 6, pp 81). His response that
OPSR was not a cyclic quad was correct. He even used the correct theorem to solve
the problem, namely, the angle at the centre is twice the size of the angle at the
circumference, but the application of the theorem was incorrect. He did not use the

reflex angle at the centre.

Similarly Cikizwa also, responded correctly by saying question 7 was false, but that x
is equal to 220 degrees. She used the ‘angle at centre’ theorem, but applied it

incorrectly by not using the reflex angle at the centre.

Etienne’s response produced a common wrong reason for question 7. He said false
(correct response), but added that “To my understanding x is also supposed to be 110
degrees, because you can’t say its 70 degrees, its not a cyclic quad ... because they
don’t say so ...” (App 6, pp77). He assumed that opposite angles of a quadrilateral are
equal. In the rest of his response he contradicts himself as he discovers, incorrectly,

that x must be 70 degrees.

Lance found himself in a similar position with the following response: “Okay, ... look,

That’s the angle at the circumference (referring to 110 degrees, so we looking for the
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angle at centre, but we can’t use that angle (referring to x). So we have to use an
exterior angle and using that is probably angles round a point, which is 360 degrees.
So taking a look at that, that will be 55 degrees, the point around that angle (referring
to O). So x won’t be 55 degrees, its actually 360 minus 55”. (App 6, pp 25). He

applies the theorem based on the angle at the centre wrongly.

¢) Incorrect response: prompts used by researcher?

A number of the students responded incorrectly, but through a series of questions
from the researcher realised that they made a mistake. The following extract from
Sphokazi’s (App 6, pp 65) interview is an example of this interaction:

Researcher: Okay, lets look at question 7. You agreed with me. I said is equal to 70
degrees. The opposite angles of a cyclic quad are supplementary.
Would you still agree with me?

Sphokazi: Yes, sir.

Researcher: Yes. Okay. Now in your bookwork, what’s ABCD?

Sphokazi: A cyclic quad.

Researcher: Okay, what do you think is different from that one and that or are they
the same? (refers to 2.1 and question 7).

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 2.1 and question 7).

Researcher: Okay, so that’s not a cyclic quad. So 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 of x,
there?

Sphokazi: I must found this angle ... (moves finger around on point O).
Researcher: And how do I get that angle?

Researcher’s observation

A number of interviewees said, incorrectly, true to the question in the test. They

applied the property, namely, opposite angles of a cyclic quad are supplementary, to a
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quad that was not cyclic, but what they thought was cyclic. Some were convinced that
their response was correct and were shocked to discover that they were wrong. Those
who knew that the quad was not cyclic, struggled to find an alternative strategy to
solve for x. Some used the correct theorem, but the implementation or application was
poor. It was obvious that virtually all the students were unable or did not know how to
use the reflex angle as the angle at the centre of the circle. This was despite the fact
that 8 of the group indicated that it was the second figure used by their teacher to

introduce that particular theorem and that they were familiar with the sketch.

I have looked at the application of cyclic quadrilaterals in question 7 and now will

analyse question 14, 15 and 16 in test 2.

Student Responses

a) Assumption laws:

A number of the interviewees were guilty of the assumption law, that is, they simply
assume that lines are parallel, because they look parallel and not because they are
informed that the lines are parallel. In question 14, for example, students assumed that
TV is a diameter. The following extract depicts Rafula’s (App 6, pp3)

reason for his answer to question 14:



Researcher: Okay, that’s fine ... then lets look at no. 14 quickly. umm ... You said
that one is true. How did you go about answering that one?

Rafula: I also thought of the two lines ... this ... I thought about this (pointing to line
ZU) ... and it goes like this and it turns here and then this angle is equal
to this one because that forms a Z.

Researcher: So it formed a Z again.

Rafula: Yes.

Researcher: So that’s why they are equal? ...

Rafula: Yes.

Researcher: And the reason that we use?

Rafula: (Mentions reason) ... (a bit indistinct) {researcher’s emphasis - student
refered to altenate angles}

Researcher: So you agree with that theorem. (refers to reason in sketch).

Rafula: Yes, that theorem is correct, 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).

Researcher: Okay, did your teacher show you a mechanism for this (points to the
sketch).

Rafula: Yes.

Researcher: Okay, can you remember what he showed you?

Rafula: No ... not now.

He assumes that the lines are parallel and uses the Z-strategy to show angles are
alternate. However, he admits that he does not know how to apply the theorem, the
exterior angle of a cyclic quadrilateral is equal to the interior opposite angle, even

though he correctly answered the theory questions.

b) Absurd responses
Rafula declares that the answer to question 16 is “there I said x is equal to 0" (App 6,
pp 5). He refers to an angle that is equal to 0 degrees and in terms of the problem does

not make sense.
¢) Confused responses

Bronwyn admitted at the end of her attempts to explain her solution to question 14

that “And that’s ... (indistinct) and then I became confused” (App 6, pp 37). However,
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later in the interaction, with prompting she could confidently declare that “Tt will be

the whole of angle T”, the correct response to question 14,

Mangani (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 the interior opposite angles. (points to U and R). So its still the
same thing as that ... (indicating parallel notations on sketch).

Researcher: Okay, so you agree with me that TUV is an exterior angle.

Mangani: Yes, or is an angle between a tangent and a chord.

He is confused about the exterior angle of a cyclic quad and an angle between a

tangent and a chord. He clearly does not know the difference. This confusion is also

highlighted in the interaction with Ndzila (App 6, pp 18 and 19). In question 14 and

15 the exterior angle of a cyclic quadrilateral was tested, yet Ndzila used the theorem

in 14, but responded with the angle between tangent and chord theorem. She only

realised her error when prompted by the question “is GE a tangent”. Her response was
no, then she said “the exterior angle is equal to the interior opposite ...”.

Lance’s response to question 16 also suggests a level of absolute confusion in the

following extract: (App 6, pp 28).

Lance: I mentioned that its true ... probably false, though its quite difficult to
recognise the opposite angle ... its probably S or R ... obviously when I
wrote the examinations 1 went for R ..., x is the opposite angle which is
equal to 57 degrees, umm ...

d) Confident, despite incorrect solutions

A number students were convinced that their incorrect response was perfect as

depicted by Rushana in answering question 16: “... this one is the exterior angle

of a cyclic (refers to RSUT), so then it equals the interior opposite angle, that’s
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why I got x = 57 degrees” (App 6, pp 23). Despite her confidence she did not

realise that the given angle was not an exterior angle.

e) Correct responses

A few of the students were not able to articulate their correct responses very well, but
knew what they were saying. Zameka displayed this in “Okay, sir, this x should be 78
degrees, but x is not 78 degrees, because this angle (refers to V), this exterior angle is
equal to all angle T” (App 6, pp 15). The first x referred to the whole angle T, while

the second x referred to the x in the sketch.

f) Most interesting response to researcher

The interaction with :Lance (App 6, pp 28) really provided an insight into how one
student thinks in a problem situation. Follow the interaction in the following extract
based on question 14:

Researcher: Okay, question 14, you also said its false ...

Lance: Ja, because, as my reason was here, although incorrect. I felt that the opposite
angle of a cyclic quad is equal ... to the exterior angle of a cyclic quad is
equal to the opposite interior angle.

Researcher: Yep ...

Lance: Then it will be the whole of angle T (referring to T on sketch 14) not T1 or T2
for that matter (breaking T into two adjacent angles).

Researcher: Okay, great.

Lance: So you couldn’t go about solving for x using that method ... so the method I
rather used I took, ... what ... I assumed that TV was a diameter. It
meant that W was a 90 degree angle.

Researcher: Okay, so ...

Lance: Not interior angle of a cyclic quad, sorry, sum of the interior angle of a
triangle. They give you that WT and WV are equal, so that means I just
used the base angle, isosceles triangle for TVW.

Researcher: Okay ...

Lance: So we ... (very indistinct) ... 45 degrees.

Researcher: Okay, ja I'm happy with what you saying there, there’s just the one
thing ... you assumed that TV was the ... diameter, and do you think that
assumption is correct? That’s all ... we wont solve the problem.

Lance: Ja ... so okay ... probably one of the first lessons we learnt in geometry is
never to assume, so that was a bit rash on my part.
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Researcher: Alright, ... so that threw out the calculation, otherwise it would have
been absolutely ...

Lance: correct, ja.

Researcher: Perfect.

Lance: it would just be on the basis if TV was actually a diameter.

Researcher: That’s right ... okay ... okay, we’re busy with Q16, lets see how you
went about solving that one?

The above response is interesting in at least two ways:

¢ He realised that he could not solve the problem using his original observation,
despite the fact that he used the correct theorem and also applied the theorem
correctly. The correct solution was that x cannot be calculated. He opted for
another solution.

e From an excellent explanation, he preferred to assume that TV was a diameter.
Using this assumption he could get an answer, which was much better than his
earlier attempt. He did acknowledge that his action was rash and not in line with

geometrical thinking,

g) Prompting not enough
In some cases prompting did not help students as represented in the following extract
based on question 16: (App 6, pp 32).

Researcher: Okay ... alright, lets go onto the last one. Question 16, you said its true.
How would you go about that one?

Rephwaai: Yes, sir ... because of the exterior angle of a cyclic quad is equal to the
interior opposite angle.

Researcher: Okay, so you would agree with exactly what’s written, there. (refers to
reason next to sketch).

Rephwaai: Ja.

Researcher: So, that is the exterior angle (refers to given angle 57 degrees).

Rephwaai: Ja.

Researcher: Now, coming back to your ... this one (refers question 2.3) ... you gave
the statement which said, the exterior angle is equal to the interior
opposite angle ... so is there any difference (referring to question 2.3) or
is this exactly the same as what you’ve said there (referring to question
16).

Rephwaai: I don’t see a major difference.
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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 the prototype suggested in the

theory and the application in question 16, the student saw no difference.

h) Careless mistakes

Some students were guilty of careless mistakes in the form of wrong application of
theorems. This is shown in the interaction with Sherizaan, where she applies ‘the
exterior angle of a cyclic quad is equal to the interior opposite angle’ theorem
incorrectly and then use the ‘radius perpendicular to tangent’ theorem, despite the fact
that there is no radius.

The following extract represents this interaction: {App 6, pp 45).

Researcher: And, and you could also take me through your reasoning there (referring
to response in 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 57 degrees (refers to whole of angle S), and then the
opposite angles of a cyclic quad is 180 degrees. So I got that ... umm ...
I think the other theorem that I said about the ... tangent is perpendicular
to your radius, so sir I made that 90 degrees (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, it’s a chord. SU is a chord.

Researcher: So if that’s not the radius then how did you get 90 degrees, there
(referring to angle SUV).

Sherizaan: (laughs).-

Researcher: So again ... that’s a tricky one.
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RESEARCHER’S RESPONSE

Considering that all 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 stﬁdents
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 angle with one of the sides of the quad. Despite the 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 3: All about tangents
Focus Question: Do students possess a strategy for applying the tangent theorems
and what are their difficulties in implementing the theorems in

problem solving activities?

In this category I focus on question 8, 9, 11 and 13 from test 2. (same grouping as row

7 and row 9)
8
Q Qi1 T
P‘ P
R '\ 'Y 8
Q Q R

ROW Y

Q13
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Student Responses

The majority of the students used the tangent/chord short cut to represent the
following theorem: The angle between the tangent and a chord is equal to the angle in

the other or alternate segment.

a) Confidence and Convincing
In most of the interviews the students were very confident in their solutions and were
convinced that their efforts were correct. In the previous categories this aspect was

already noted.

b) The Ah-Ha Experience
Rasmen displayed utter surprise and shock at his mistake and produced, for me, the
best Ah-Ha experience in all the interviews. The following extract depicts this

surprise that he was wrong, after a rather convincing argument that he was correct:

(App 6, pp 49)

Researcher: Sorry ... Tell me about it?

Rasmen: This angle is right ... is right, so I'm correct.

Researcher: So you happy with that?

Rasmen: Yes, I’'m very happy.

Researcher: So you perfectly convinced that that is true?

Rasmen: Yes that is true. )

Researcher: And you’re applying that theorem (refers question 2.7), correctly?

Rasmen: Yes, I'm applying ... Wha! ... (he shouts because he sees something he
probably didn’t notice before) ... (he laughs).

Researcher: Okay ... tell me ... tell me. (researcher smiles).

Rasmen: These are two radius (meaning radii) ... it, it didn’t touch there ... (points to
the circumference) the circumference ... (smiles)

Researcher: And so, so what are you telling me? So you still agree with what you did
there was true?

Rasmen: No. (shakes head vigorously). It was wrong.
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€) Lots of prompting

Prompts were used to get students to think about their answers and to analyse and
interrogate their theoretical framework, which according to their performance in test 1
was in place. Mzoxolo changed his incorrect response, after prompting and revisiting
his theoretical framework. He said, in answer to the question what’s different between
the sketch in question 8 and the sketch in the theory section (question 2.7), that “In
this triangle here, in quéstion 8, only two sides which are in the circumference, but all
its three (referring to 2.7) are touching the circumference. Here question 2.7. So it
can’t be true” (App 6, pp 60). In response to the use of the tangent/chord theorem to
solve question 8, he said, “According to that question now ... I’ve just discovered it ...

you can’t use it” (App 6, pp 60).

This aspect was also highlighted in the following extract where 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 ... let me take you back to ... (turns to page 2, diagrams of theorems),
what you did over here. Tangent AB is perpendicular to radius OC
(referring to question 2.5) ... You see that, the radius, and your
statement, you got it correct as well.

Rasmen: Yes.

Researcher: So you know ... (turns back to sketches) from your bookwork, that the
radius and the tangent are perpendicular?

Rasmen: Yerr ..

Researcher: Okay ... so now we can go back there (refers to question 8).

Rasmen: Okay, this radius is perpendicular to this tangent RS.

Researcher: Yes.

Rasmen: So when the radius is perpendicular, it give us 90 degrees, so this is ... okay
... 25 (refers to angle PQO), and then the two radius form the isosceles
triangle, then this base is 25 degrees, so 25 plus 25 is 50 ... is 130
(points to x).

Researcher: Its 130 degrees ... okay, making sense now?

Rasmen: Yes, its making sense now [these last few lines took long to decipher,
accent not too clear]

85



d) Accurate responses

There was also good accurate and well thought out solutions. Luvuyo’s (App 6, pp
55) response to question 8 displayed a good understanding of her theory and she
articulated this understanding very clearly in the following:

Luvuyo: So this is a radius (refers to OP) and this is a radius (refers to OQ). So they
(base angles) must be equal. This one should be equal to that one. So
now this is 25 degrees (refers to PQO) and I say that one is also 25
degrees (refers to P) because this is a isosceles triangle. So 25 plus 25
give me 50 degrees, so that’s why it is 130 degrees (writes in 130 in
angle POQ). .

Researcher: Okay, great. Now ... just look at the reason that I gave. I said x is equal
to 65 degrees. Angle between tangent RQ and chord PQ is equal to the
angle in the opposite segment. Is that, ... do you think that reason is
true?

Luvuye: Its not true, because this triangle (refers to POQ) ... it is not a full circle
triangle (means circumscribed circle).

Researcher: Okay, so O should be on the circumference?

Luvuyoe: Should be on the circumference (repeats last part).

It was clear from the interaction with Luvuyo that she understood her theory and had

a strategy for applying the tangent/chord theorem. Rushana (App 6, pp 22) answered

with understanding because she had a strategy (used fingers and gestures) for finding

the angle in the other segment:

Researcher: I'm just looking at ... a strategy. What strategy did you use?

Rushana: Oh! ... because this angle over here, angle x, is the angle between a tangent
and a chord, so if you do this over here (her hand covers something,
cannot see what), and then angle E will be ... (mumbles something
indistinct, and continues) ... this two over here, (points to B and E) are
angles in the same segment, that is why it equals ... 70 degrees. And
then this one, here, is the angle between a tangent and a chord (referring
to angle at C), that’s why it will equal to angle E (points to E on Q12).

Researcher: Okay, so you had a good strategy for doing that one, that’s fine ...

e) Law of Assumption

This is undoubtedly the most common error and caused problems in terms of solving

for x. In question 9 Mzoxolo (App 6, pp 62) refers to the line SP as a diameter. The

majority of students accepted that QR was a tangent in question 13, even though they
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knew the definition of a tangent. A typical example is the interaction with Rushana

(App 6, pp 22):

Rushana: I have no idea how I worked out that one ... (giggles).

Researcher: But would you agree that it’s true, or would you change your mind now?

Rushana: No, I don’t think it may be true. (giggles)

Researcher: Why not?

Rushana: Umm ... PAUSE ... there’s no reason for it (laughs) ... let me see now why
they say (points to reason next to question 13), PQ equals QR ne.

Researcher: PQ equals QR ... so you agree with that?

Rushana: Umm ... (agrees).

Researcher: Alright, and the rest of the part where it says tangents drawn from a
common point are equal? ... do you agree with that statement?

Rushana: Yes.

Researcher: Okay, now do you agree that RQ is a tangent?

Rushana: RQ?

Researcher: Is RQ a tangent?

Rushana: Yes.

Researcher: Okay, ... why is it a tangent, or what is a tangent?

Rushana: A line that touches a circle at only one point.

Researcher: And RQ, is it touching at one point?

Rushana: No ... (giggles).

) Incorrect use of theorems

This was Warda’s (App 6, pp 85) response to “how would you go about solving
question 8”:

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: Of a cyclic quad.

Warda’s reason for solving question 8 depicts a lack of understanding on two levels:
(1) She did not know what was meant by the exterior angle.

(2) She was convinced that a three-sided figure was a cyclic quad.

She also insisted that the tangent/chord theorem could still apply to question 8 even

though there was no circumscribed circle.
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f) 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 emphasise that sketch?

Rafula: Yes.

Researcher: Okay, question 8 ... again ... How did you go about answering that one?

Rafula: Q8, it is said that RS is a tangent, so we are told there that x is 65 degrees,
and I said that is true. Why, because, I thought of this ... they formed a
Z like this (points to sketch) ... so they are equal.

Researcher: Okay, they are equal because they formed a Z?

Rafula: Yes.

He was referring to the Z associated with alternate angles, which did not fit into this

solution.
RESEARCHER’S RESPONSE

In question 8, 196 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 by asking probing questions and to challenge them
to think deeply about their theoretical framework. Most of the students seemed to
have a clear grasp of the theorem, but were confused about the application as depicted
in the interviews. The nature of the application was missing. For example, there were
no real problems with the angle between tangent and chord, but the angle in the other
or alternate segment caused the problem. The fact that the angle in the other or
alternate segment must be formed at a point on the circumference was not important

or relevant to the student.
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The distracters in questions 8, 9 and 11 were sufficient to confuse the students or

simply just threw them off track and they were unable to spot that the theorem could

not be used. The following distracters were used:

(3) In question 8, the cho;d subtended an angle at the centre of the circle and not at
the circumference.

(4) In question 9, the angle at the circumference was not drawn from the same chord,
that is, at the point of contact with the tangent.

(5) In question 11, the angle subtended by the chord was drawn outside the circle.

From appendix 2 (b), there were 196, 152 and 153 incorrect responses for question 8,
9 and 11 respectively. The fact that the numbers included those students who received
full marks for the related theory questions raises concerns around the teaching of

geometry.

Most of the students interviewed only discovered their mistakes, in terms of
understanding the nature of the theorem, through prompting. Those students who
responded correctly (in terms of true or false) were unable to solve for x. They could
not relate other theorems or properties to solving the problem. They did not have a
network of relations in place and their efforts lacked understanding. This result is
evident from the fact that only 5, 5 and 1 {out of 267) of the students solved for x in

question 8, ¢ and 11.
Question 13 also proved to be problematic. The majority of students knew that

tangents drawn from a common point are equal, but did not realise that one of the

lines was a secant. The fact that the two lines were drawn from a common point took
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precedence over the fact that both lines needed to be tangents. The distracter of
including a secant instead of the tangent revealed that students, especially those with a
good theoretical framework, were careless in terms of their visualisation of the
theorem. From the group of 79 students, who correctly spotted the secant, only 6

managed to solve for x.

Based on the answers obtained from the interviewees those students (not many 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 well in the two tests.

4.6. Summary of Results

The results (bearing in mind the limitations of the study) indicate that the majority of
grade 12 students involved in the study were struggling with circle geometry. Most of
the problems encountered by students relate back to a geometric register that is in a
number of cases virtually non-existent, inefficient (in terms of a lack of conceptual
understanding) or ineffective (a lack of strategy for application). The fact that some
students with an intact geometric register were unable to solve basic geometric
problems is disconcerting and in terms of the study raised a number of pedagogic

issues relating to the teaching of geometry.

The majority of students were unable to distinguish between a definition and a
property. Only a few of the tested items yielded above 50% correct responses.
More specifically, the majority of students had difficulty distinguishing between the

definition and a property of the cyclic quadrilateral. There is evidence from the data
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that student’s who generally completed the statements correctly, could also visualise
these statements/theorems from a given sketch. While students who performed poorly
in the completing of statements showed only a slight improvement in the visualisation
category. Based on the performances in test 1 less than 50 % of students had some
kind of geometric register in place. The statistics (Appendix 2a) indicates that the
majority of students do not possess an effective geometric register, which is necessary

for the problem solving activities in test 2.

The questions that yielded false responses, but looked very familiar despite

- orientation changes, were generally very poorly done as reflected in table 4.2. Despite
the fact that the sketches in Q1 and Q2, in particular, were based on the same
theorem, admittedly with slightly different orientations, the difference in responses

was very striking.

The findings suggest that the change in sketch orientation, from those sketches in test

1, as well as the distracters per sketch, proved to be too much for the students to cope.

The ana,lyéis of test 2 showed that the majority of students struggled with different

orientations of sketches and were easily put off by the distracters in the form of extra

lines. These distracters included the following: (From test 2)

Question 3: Vertex S was not on the circumference

Question 7: One vertex of the quadrilateral at the centre of the circle

Question 14: Included a diagonal TV.

Question 8: Did not have an angle in the other segment or the point was at the centre
of the circle and not at the circumference.

Question 1; The angle was at the centre and not at the circumference.
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Question 9: The angle at the circumference was not drawn from the same chord, that
is, at the point of contact with the tangent.
Question 11: The angle subtended by the chord was drawn outside the circle.

Question 13: Including a secant instead of the tangent

Based on the data it is clear from the responses that virtually all the students did not
have a strategy or a technique for solving problems in test 2. For example, there was
no strategy for finding the angle in the other segment. Most of the students seemed to
have a clear grasp of the theorems, but were confused about the application as
depicted in the interviews. The distracters were sufficient to confuse the students or
simply just threw them off track and they were unable to spot that the theorem could

not be used.

The position of angles in circle geometry is very important, since angles are either
placed on the circumference or at the centre to allow the smooth application of the
theorems. Most of the students were guilty of not applying this idea. In the
application of the tangent theorems the lack of a strategy proved the downfall of most
of the students. The fact that the angle in the alternate segment was (1) inside the
circle (2) outside the circle and (3) not subtended by the same chord, made absolutely

no difference to the students’ application of the theorem.

Most of the students interviewed only discovered their mistakes, in terms of
understanding the nature of the theorem, through prompting. Those students who

responded correctly (in terms of true or false) were unable to solve for x. They could

¥
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not relate other theorems or properties to solving the problem. They did not have a

network of relations in place and their efforts lacked understanding.

Based on the answers obtained from the interviewees those students (not many 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 well in the two tests.

The striking features that arose during the interview stage provided insight into how
students internalised the problem and how they used their geometric register to apply
this theory. Each category produced a series of responses, which included amongst
others, the following sub-categories: Ah-Ha experiences, absurd responses, confident
responses, confused responses, wrong application of theorems, correct responses,

confident correct responses with incorrect solutions, etc.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS
5.1. Summary of findings

This study was located in four low achieving schools in mathematics where the
students were poor achievers in geometry. It was my intention to look at what was

going on in terms of how students learn and understand geometry.

Firstly, I looked at the geometry register of the group of 267 students. This register
included definitions (expressed in words) and properties (expressed in words and
pictures). This register was tested in test 1. I used the following key to give me a
sense of the types of registers that I was dealing with:

- Above 70% implied an excellent register.

- Between 50 and 70 % implied a good register.

- Below 50% implied a poor registef.
Secondly, I placed student numbers to the above key.

- 75 students had an excellent register (above 70%)

- 42 students had a good register (between 50% and 70%)

- 150 students had a poor register (below 50%)
The fact that 150 students (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 needed to be answered. Does the fact that the students
have a register in place mean they will be able to solve problems? To do this I needed
to look at the performance of the students in test 2.
1) The sample with an excellent register performed as follows:
- 39 out of the 75 scored below 50%.
- 36 out of the 75 scored above 50%, but below 75%
2) The sample with a good register performed as follows:
- 39 out of 42 scored below 50%.
- 3 out of 42 scored above 50%, but less than 60%
3) The sample with a poor register performed as follows.
- 150 out of 150 scored below 50%.
It must be noted that the scores above 50% included a number of true responses,
which may ﬁave increased the likelihood of guessing and consequently impacted on
the results in test 2. This investigation has unearthed that many students do not have a
geometrical register in place and consequently cannot engage in problem solving

activities.

Finally, I tried to answer the next question. What is the problem? I looked at a few
individuals to see if I could discover what possible problems exist. I used a sample of
the students (high achievers in test 1) with an excellent register in a series of
interviews. They made a variety of mistakes and prototype thinking was dominant

(see section 4.6 for detail).

Chinnappan (1998) suggested that high achievers would be more likely to activate

more sophisticated schemas, access these more frequently and generate mental
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models that show a high degree of understanding than the low-achieving group is
congruent to my findings where the high achievers are classified as having there
geometrical register in place and are able to access this register effectively. My
findings suggest that not all of the high achievers could access this register

effectively.

5.2. Aims of the study

Hans Freudenthal’s criticism of the traditional practice of teaching geometry is useful
to end this dissertation by linking the aims of the investigation to the analysis of the

data:

... Good geometry instruction can mean much - learning to
organise a subject matter and learning what is organizing, learning
to concepgualize and what is conceptualizing, learning 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 organize spatial experiences, the subject
matter is offered as a preorganized structure. All concepts,
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 the findings in this investigation it is clear that Freudenthal’s expectation
on students seem to be a bridge too far (the bridge representing teaching practice).
The focus of this investigation was to look at ‘How grade 12 students understand and

solve geometric problems” and specifically to analyse student performance and
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responses, in the two tests. Then, to interview a sample of participating students, and
not to look at teaching practices across the four schools, which is a limitation of this
study. I agree with Freudenthal that students should be led to understand that some
organisation of geometrical definitions, concepts and deductions is necessary.
However, the findings of this investigation suggests that students lack the ability to
organise and structure good working schemas (Chinnappan, 1999). The interviews, in
particular, highlighted these deficiencies in student arguments. Despite the limitation
of not looking at teaching practices, the response from students revealed much about
teaching practices at the four schools. The analysis of this study, together with
Freudenthal’s view of good geometric practices seem to place an indictment on

geometry teaching.

Research by Human and Nel (1977 - 1978) found that a large percentage of grade 10
students did not understand the nature of axioms. The findings of this research would
concur with Human and Nel, but in this case is present at the grade 12 level. There is
evidence that a large percentage of students merely memorised the definitions and

statements of theorems and simply regurgitated them in the tests.

According to the Van Hiele theory students who are able to understand the logical
inter-relationships between properties of a particular concept are functioning at the
Second Level of thought. It is at this point that students should not have problems
with the properties of a figure, but should be able to deduce from one another and
develop a “network of relations”. A large percentage of students in this investigation

were unable to function at this Second Level. This finding concurs with research by
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De Villiers & Njisane (1987) where only 45% of grade 12 students mastered this

Second Level.
5.3. Limitations of the study

There are some possible limitations in this investigation in terms of the research

methodology that could impact on the findings:

Firstly, as already mentioned, the fact that teaching practices at the four schools were
not investigated does impact on making any conclusions about classroom practices,
attitudes, language of instruction, group work, etc. Making comparisons across
schools cannot be conclusively done. Strategies of teachers and the use of informal
and/or formal activities cannot be measured. Inconsistencies in findings were

therefore left to the interpretation, bias and subjectivity of the researcher.

Secondly, the choice of possible prototypes for test 1 part 2, is a limitation because it
could indirectly influence responses from students. The prototypes were chosen based

on how a number of textbooks introduced a concept.

Thirdly, the choice of true or false responses for test 2, may not be a fully reliable
means of testing. The true responses, in particular, caused problems in terms of the
difficulty in eliminating t};e aspect of guessing. The false responses seemed much
more reliable and forced students to respond. Consequently, this study focussed

predominantly on the false questions.
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Fourthly, the selection of the sample group that was interviewed, may prejudice the
results in terms of only the group with an intact (meaning a good theoretical
framework) geometric register were interviewed. The assumption that an intact

geometric register is essential for problem solving may be a faulty one.

Fifthly, the interview process occasionally lost some key responses in the form of
words and gestures. Some students had difficulty in articulating themselves and this

could be due to the presence of a video camera.

Lastly, there was no detailed information regarding the geometric history of the
school or students. The fact that other non-grade 12 geometric axioms were required
to solve for x may have impacted on the ability of students to solve problems. The

lack of prior knowledge of grade 8 to 11 geometry was a limitation.

Though the limitations do exist and need to be accounted for, I believe, it does not
discount the value of the findings. The study provides an insight into how students
approach geometric problems or how they utilise their theoretical framework and in
particular it highlights the difficulties in terms of how students understand their

theoretical framework in circle geometry.
5.4. Implications for teaching geometry
Euclidean Geometry has played a key role in the South African curriculum and South

Africa has been one of the few bastions of traditional congruency geometry (Human

& Nel, 1977 - 1978). The new curriculum (curriculum 2005) following an outcomes
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based approach will include circle geometry in the Further Education Training (FET)
phase, despite numerous schools of thought to have it removed from the syllabus.
This study supports the theory (Mayberry, 1981, pp 96) that geometric thought
follows a sequence of levels (van Hiele levels in particular) and the inability to
develop on one level prevents achievement on higher levels. However, this
investigation question what is meant by the development in a level or how do we
measure and assess this development. This investigation, despite the small sample,
has shown that student’s with a good definitional or theoretical background struggle

with problem solving activities.

The model used in this study, with its limitations, will provide teachers with some
insight into lesson planning by noting deficiencies in presenting a definition or
theorem. There should be an awareness of the impact of distracters and prototypes on
the understanding levels of students. This awareness moves across traditional
methods, where student participation is minimal or non-existent, or informal methods,
where students participate and even make choices about the appropriate wording of
the definition or theorem. The findings of the study suggest that teachers should
consciously, through formal or informal means, ensure that students make the correct

connections in terms of applying their theory correctly.

Another contributing factor in this investigation is the importance of a strategy for
applying a definition or a theorem. Teachers should use mechanisms, whether they
use their fingers or dots or colours on the sketch, to show how to find, for example,

‘the angle in the other segment’ or ‘the interior opposite angle. Even the “high-level of
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understanding’ group had difficulty without a strategy for application. The use of a

strategy will improve levels of understanding.

Lastly, the investigation revealed that students were unable to construct a logical
explanation, whether in writing (as indicated in their scripts) or talking (as expressed
in the interviews) and needed guidance in this regard. Some students were able to

respond positively to prompts and lead questions.
5.5. Recommendations

In terms of research

Recommendations for future research are to include geometry teaching practices
across schools, as well as across grades. In addition, to track the performance of
students in geometry for five years in the different contexts and the exposure to
different teaching methodologies and practices. In this way the geometric history of
students’ understanding can be assessed in relation to the teaching practices at that
school. A similar model to the one used in this study could be used to track

performances of students at lower grades.

The focus of this study was to see how grade 12 students understand and solve
geometric problems, based on the grade 11 syllabus. The study did not take
cognisance of the history and performance of students in geometry in lower grades, an
aspect that the above recommendation can fulfil. It would also provide information on
how the geometrical register of students has developed and how it has been utilised

over the five years.
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In terms of curriculum development

Curriculum 2005 places a great deal of emphasis on geometry, emphasising the utility
~of informal strategies. Traditional practices have been criticised by mathematicians
and researchers who suggest that supplying ready made definitions is a vicious
method (Griffiths & Howson, 1974, pp 216). We should avoid the direct provision of
geometry definitions (Freudenthal, 1973, pp 417). It is not deductive enough, because
it is imposed on the student (Freudenthal, 1973, 402), and characterised by the study
of axioms, definitions, constrdction techniques and theorems in a fixed order, without
any informal or practical introduction (Human & Nel, 1977-1978, pp 5). Teachers
should be given the opportunity to be involved in a curriculum that is exciting,
challenging and enriching, hence curriculum developers should ensure the
implementation of key areas of geometry. Whether this includes Euclidean geometry
or particularly circle geometry is a relevant question. Gerdes (1988) suggest that we
broaden our understanding of what mathematics is, which is necessary, but not
sufficient. We ﬁshould in our endeavours “reconstruct mathematical traditions, when
probably many of them have been, as a consequence of slavery, of colonialism, wiped
out” (Gerdes, 1988, pp 140). Teachers should be conscious of the hidden mathematics
and should also be aware of cultural, educational and scientific value of rediscovery

and exploring hidden mathematics, particularly in geometry (Gerdes, 1988).

In terms of resources (text books)

In the light of the 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 the
demands of the new curriculum. De Villiers (1995, pp 1) was “appalled by how

poorly definitions of quadrilaterals were handled in the high school textbooks our
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students were using” My experience with textbooks and how circle geometry is
introduced in them has been very depressing in terms of its direct teaching approach.
There is almost no opportunity for creativity and it may well be that our textbooks

may be the reason for such poor geometric understanding.

In terms of teacher training

On a more personal note, based on my work in teacher training and my teaching
experience, the training of our teachers is essential and according to Swafford et al
(1997) one way to try to enhance achievement in geometry is to improve instructional
practice. The teachers, perhaps only a small sample that I work with have extreme
difficulty in teaching geometry, because of their history. They hated geometry at

school and now they are forced to teach it and many of them simply avoid teaching it.

Policies for teacher training must ensure that teachers are empowered with skills to
teach geonietry in the ‘new way’ and create courses for conceptual development to
broaden their understanding of geometry and to raise their ability to teach higher
cognitive skills to our students. If this is not achieved our students, as shown in this
study, will continue to memorise definitions and geometry proofs, because their
teachers did it at school and is encouraged by their teachers to do the same. For them

it is the only way to learn and understand geometry.

Finally, I support the view of Qing (1997) that mathematics, geometry in particular

should be useful, humanistic and a vibrant subject to be explored and understood.
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APPENDIX 1: Test 1 and Test 2 Instruments

NAME: ... JE ST OO TIME: 15 MINUTES
CLASS:

SCHOOL: ..

TEST 1

ANSWER ALL THE QUESTIONS

1. COMPLETE EACH OF THE FOLLOWING THEOREMS OR DEFINITIONS:

1'6

[
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3
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o
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)
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1.4. The opposite angles of a cvclic quadrilateral ...

L3

v
v}
o o
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~
las 2
144
-
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L
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"ty
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et
Q
=
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o
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L d
(L]
=1
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{.10. The angle subtended by the diameter ....................................... ...

2. Write down the theorem or definition for each of the following diagrams: (O 1s the
centre of the circie) ‘

IAGRAM THEOREM OR DEFINITION
A D

[Oh)



D e,
2.3 A |
@D\ ...................................................................
C E
2.4
A o C
B crerinisrersrrnenteinneesnevessensren®@GaNyseeseecrescerinrenane
D
2.5. AB is a tangent
@ e

B

2.6, f | ,
BQ \ g c:> ..................................................................

2.7. DE is atangent.

D C E

@ A
b C
2.9. AC and BC are tangents. :
S L
B



NAME : ' Scroou:

GRade 1

TEST 2

Some of the following exercises contain fundamental geometrical errors. In each of the
following, decide whether the given value of x and the accompanying reason is TRUE or
FALSE. If false, give the correct value of x and provide a reason for your answer. Show
all your calculations where applicable.

NOTE: O is the centre of the circle.

NO SKETCH SOLUTION TRUE OR FALSE

x = e

S REASON: Angles
sublended by the same arc.
PR,

x= 120 ©

REASON: Angle af centre =

A
B \ 2 angle at circumference.

C
Q 3. P
x=130°
REASON: Angles
Q subtended by the same are
: QR .
R "
A /—\ B
x = 30°

REASON: Angle subtended
by the same chord AB.
C



Q s

RS is a tangent

RS is a tangent,

y R
B 0 T

o

P 5

= 60T

REASON Triangle ABC is
an cquilierat triangic,

x = 43°

REASON: Anglc subtended
by the same chord AB.

x = 70°

REASON: Oppositc angles
of a cvelic quadnilateral arc
supplementary.

K =630

REASON: Angle between
tangent RO and chord PQ =
angle in the opposite
segmicnt,

x=25°
REASON: Anglc between
tangent ST and chord TQ =
angle tn oppostic segment.



Q.

SR 15 o tangent,

e

w

S
DF is a tingent.
A

PO s o tangent,

N = M

‘REASON: Angle it cenre =
2 angle at circumference

X =82y

REASON: Angle between
tangent QR and chord QT =
angle i opposite segment.

x = 70°

REASON: Angle between
wngent DC and chond BC =
angle 1 opposite scgment.

x = 37°

REASON: P} = QR
{tangents doavwn from a
comuuon point are equal).



x=78°

REASON: Exierior angle of
cyvctic quad. = interior
opposite anglce,

x=60°

REASON: Exterior angle of
cyclic quadrilateral =
ierior opposite angle.

NW is a tangent.
SU = 8T.
SU/RT.

x=37¢

REASON: Exterior angle
of ¢yclic quad. = interior
opposite angle.
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APPENDIX 2(a): Summary Analysis of Items in Test 1

NUMBER OF 0'S

{SCHOOL Q1.1]Q1.2 |G1.3{Q1.4]Q1.5 Q1.6 Q1.7 Q1.8 Q1.9 |Q1.10 |Q2.1]Q2.2 Q2.3 |Q2.4{Q2.5 1Q2.6 Q2.7 Q2.8 |QL8
PORT 70 5) 1t 2y 24 161 2 12] 8/ 13| 31 2| 2f 5 8 3] & 18 8
GLEN o2 1 0p O B 0 4 5 10 1 2] 0 5 4 31 8 131 8
SINE 5 01 6 11 31 3] 5 8 7 70 2 3 5/ 4| 7i 0Of 41 271 8
ESAN 20 0 51 1 O 21 21 & 8 41 10 0F O 20 11 11 20 421 8
TOTAL| 15| 7| 13} 4| &5 26; 9| 30{ 28! 28 7{ 7| 7| 16{ 20/ 7| 20/100{ 29

NUMBER OF 1'S
SCHOOL 1Q1.11Q1.2 |Q1.3 Q1.4 Q1.5 1Q1.6 1Q1.7 |Q1.8 Q1.9 1Q1.10 |Q2,11Q2.2 1Q2.3 |[Q2.4}Q2.5 |Q2.6 Q2.7 Q2.8 Q29
PORT | 17] 18{ 31| 16/ 5] 22| 29{ 23] 6/ 17/ 10l 18] 10{ 21| 19/ 4| 20! 18] 7
GLEN 8 12/ 12 100 5; 13} 151 10} 7 168/ 51 @ 9| 10} 15{ 6 11| 41 7
SINE 41| 35| 68] 46| 44| 52| 54! 82| 45| 53| 48| 41| 42| 47| 61| 40| 51| 48! 51
ESAN | 44| 30| 62| 38 36| 62| 511 55| 40| 66| 37| 39| 40| 50| 48| 43| 45| 29| 56

TOTALI110] 95117311111 80:149/149] 1501 98 152/100 1081101128 143} 93/127] 98121

NUMBER OF 2'S
SCHOOL 1Q1,11Q1.2 'Q1.3|Q1.41Q1.51Q1.6 Q1.7 |Q1.8 |Q1.8 [Q1.10 |Q2.1]Q2.2 |Q2.3 |Q2.4{Q2.5 |02.6 Q2.7 Q2.8 |A2.%
PORT | 47 48] 39 53| 64| 33| 40| 36) 57| 41| 58] 501 58| 45| 44! 64] 45] 37 56
GLEN | 15] 10 11] 14! 18, 6 8 10| 12 70 18] 13| 15f 9 5 15 5] 71 9§
SINE | 47| 58| 19| 48] 46| 38! 34) 23| 41| 33| 43| 49| 46| 42| 25! 53| 38| 17| 34
ESAN | 33{ 48] 12] 39 43| 15| 26] 18] 33 9! 41! 40| 39 27) 30| 35| 32/ 8 18
TOTAL 142/ 165] 81/152{172) 92/109) 87| 143 90160 152| 159/123|104| 167 120| 8891117

GRAND TOTAL
atila1.2 13 late|ars a7 s |01s (o110 |az.1]Qz.2 @23 [2.4lq2.5 (a2 (27 (2.2 (a2
No.O'S| 15| 7| 13| 4| 5] 26/ 8| 30| 26| 25 7! 7] 7| 16| 20 7| 20 100] 29
No.1'S | 1101 95{173[111] 980/148/149!1150] 88| 152|100{ 108|101 128/ 143! 931127} 981121
No.2'S 1142| 165] 81|152{172]| 92|109| 87| 143| 90{160|1521159|123[104/ 1671120} &89{117
TOTAL | 267 2671267|267267|267|267|267| 267 267267 267|267|267|267| 267|267] 267|267
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i
|

APPENDIX 2(b): Summary Analysis of Items in Test 2 |
|

NUMBER OF 0’s

SCH |01 102 103104 05 Q6 Q7 Q8 Q% 16 111 12 |13 114 115 | 18
POR 1 O 0 2 1 0 2 1 1 7 4 4 1 3 2 3
GLE |0 0 2 0 1 0 1 1 i 1 0 0 1 0 0 0
SIN 3 4 4 4 4 3 3 5 6 7 7 6 6 6
ESA 10 12 0 1 6 0 0 3 2 1 3 0 1 11 2 1
TOT | 3 6 8 6 it | § 5 16 |16 (13 (14 | 8 17 16 (10 | 16
NUMBER OF I’s

SCH Q1 Q2 03 104 O35 06 Q7 Q8 1 Q9 16 11 112 113 114 15 |16

POR 139 122 142 |7 18 18 41 |62 131 123 137 111 133 135 (2 43

GLE 20 4 16 1 2 10 12 17 114 119 |7 16 1 6 18 119 14 19

SIN |57 124 147 | 7 50 115 158 /164 165 120 154 |18 |59 165 |16 |67

ESA 164 126 145 117 150 112 150 156 137 126 146 126 149 60 |15 |87

TOT | 180 | 76 | 150 | 33 | 128 | 37 | 166 | 196 | 152 | 76 | 153 | 61 | 159 | 179 | 37 | 188

NUMBER OF ¥'s

SCH Q1 /0203 Q04 Q5,06 Q708 Q9 10 |11 |12 {13 |14 |15 | 16
POR |7 |0 {1210 J12 /0 J20705 J27 |1t |28 |1 |24 |32 12 |16
GLE {1 |0 |6 |0 |2 |o |6 |8 [3 1o |8 |o {4 |5 |0 |3
SIN [24 [0 |34 [0 |20 |0 |25 {21 |21 [0 |27 0 |25 |21 [o |19
ESA (11 |0 [3210 |9 [1 [23 719 (40 |1 |30 10 [26 |18 |0 |21
TOT (43 |6 (84 (0 (43 |1 |74 |53 |91 |2 193 (1 |79 |76 |2 |59
NUMBER OF ¥'s

SCH |01 |O2 103 |Q4 O5/06 Q7,08 Q910 |11 (12 (13 [14 [15 | 16
POR |0 149 |4 |63 |1 161 12 |1 [2 43 |2 15812 |1 165 |1
GLE {1 120 (0 |22 13 2210 (o |o 160 [18]0 |0 |20 |0
SIN [2 {65 |5 [8 14 [7514 |2 |1 |6 |4 |68 11 |0 |71 [0
ESA |1 {51 |0 |61 /0 |66 |2 Jo o |51 ]0 |53 (3 [0 162 |0
TOT |4 |185|9 |228|8 (224 8 |3 |3 |176|6 |197/6 |1 |218 1
NUMBER OF 4’s

SCH | Q1 /02|03

POR :

GLE

SIN

ESA

TOT

GRAND TOTAL

SCH | Q1 Q4 Q506 Q7|08 [Q9 |10 |11 [12 |13 |14 |15 |16
No.0 | 3 6 |11 /5 |5 10 (16 |13 {14 |8 (17 [10 |10 |10
No.l | 180 33 | 128 | 37 | 166 | 196 | 152 | 76 | 153 | 61 | 159 | 179 | 37 | 188
No.2 | 43 0 |43 |1 |74 |53 |91 76 |2 |59
No.3 | 4 228 |8 |224 |8 |3 |3 1| 218 | 1
No.4 |37 ' o N E 1 i 9
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PORTLAND'S GEOMETRY TEST SCORES

APPENDIX 3: ITtem Analysis of Student Performance per school
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% & Ry s AR P SRS RTae O e A i : i
Sukwana Singabakho [ I O T I O = - [ O N D T | - O O I - 1 e - I I - 1 1 1 1 1 1 1 20
_891Tose Geoobisa G T O O | O O D I I T O I - I I T I e O 3 1 1 1 1 3 1 18]
70{Tshokotsha Nombulelo 1 I . I I | 1 | - [ - 1 - T - - - 1 - e L 3 1 3 1 1 3 2 42
711 Tsotsi Luvuye Lawrence 1 2 1 1 1 9 1 1 1 1 1 i 1 1 1 2 1 1 1 1 1 1 3 1 3 1 1 1 3 1 3 2 1 3 2 230

72lvena Faniswa 1 I | D1 ) 1 I I L I T O I VOO ) DO O O O - - O - VO I - 3 3 1 1 1 3 1 23
73| Wiliams Jacqueline P I DO V) Y AT A 1 I LT O I O ) - I D O O O I O Y OO I I - 3 2 1 2 [ D 5 24
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APPENDIX 4:Most Familiar Sketches Response Questionnaire
Name: ..o School: ...............ccooi i

Interview Question: Which of the following indicate the sketch that was used to
introduce the theorem?

1. ANGLES SUBTENDED BY THE SAME ARC OR CHORD ARE EQUAL.

SRS

2. THE ANGLE AT THE CENTRE OF THE CIRCLE IS TWICE THE SIZE OF
THE ANGLE AT THE CIRCUMFERENCE.

DA (03

3. THE EXTERIOR ANGLE OF A CYCLIC QUADRILATERAL IS EQUAL TO

THE INTERIOR OPPOSITE ANGLE.

4. THE ANGLE BETWEEN A TANGENT AND A CHORD IS EQUAL TO THE
ANGLE IN THE OTHER SEGMENT.
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| APPENDIX 5: Summary of interview Procedures

The following represents a brief summary in terms of venues, noise, indistinct responses

and transcription time for each interview:

RAFULA

® Esangweni venue very noisy.

® Rafula slightly indistinct.

o took approx. 3.5 hrs

MANGANI

. " Not as noisy as when first interview took place

. Mangani spoke fairly clearly, except for when she could not pronounce a
word, she would become very indistinct.

° took approx. 2.25 hrs.

VUYOLWATHU

o Lots of noise.

. Student very indistinct.

. Part of no.10 and the whole of no.11 - there was no sound

. Took very long with Q8.

e : Took approx. 3.5 hrs.

ZAMEKA

° Student speaks quite clearly.

® Less questions dealt with.

° Lots of noise in background.

. Took approx. 1.15 hrs.

NDZILA

. Student indistinct, only now and again.

. Venue slightly noisy

o Took approx. 2.05 hrs.

RUSHANA

® Venue very quiet, hardly any background noise.

o Student speaks clearly, but giggles a lot and sometimes swallows words.

® Takes time to work out what is being asked for.

s Took approx. 3.5 hrs.

LANCE

o Background fairly quiet (some noise now and again).

° Student speaks alot while working out his answer.

. This interview was very long,

° Numerous disturbances eg. 5 phone calls.

. Student speaks fast and slight accent (sometimes indistinct).




REPHWAAI

BRONWYN

SHAKIER

Took approx. 3.75 hrs.

This interview went quicker than Lance’s one.

Very few interruptions.

Student speaks clearly, but tends to mumble when thinking audibly.
Less questions targeted.

Took approx. 2.55 hrs.

A very long interview.

Venue quite noisy, especially at interval.

Student speaks very softly at times and very indistinct
Took approx. 3.75 hrs

Venue fairly quiet.

Student speaks too softly at times.
Less questions handled.

Last question, last two lines indistinct.
Took approx. 1.5 hrs.

SHERIZAAN

Venue noisy at interval.

Student answers affirmative mainly by saying “umm”, denoting ageeing
sound.

Speaks sometimes too fast, but was quite clear (audible).

Took approx. 3.25 hrs.

Venue very quiet, except for a particular period of noise which was short
lived.

Student very confident and quick to answer.

Interview very long.

Took appox. 3. 75 hrs.

Venue fairly quiet.

Student extremely eager, sometimes over enthusiastic, answers quickly
and full of confidence.

Speaks clearly, but fast and tends to mumble while working out answers.
Interview shorter than previous one.

Less questions handled.

Took approx. 2.5 hrs.
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SPHOKAZI

&

ETIENNE

Venue quiet, some talking in the background.

Student has very low, deep voice and one has to listen very carefully.
A long interview,

Took approx. 3.25 hrs

Venue quiet.

Student speaks clearly at times and then again indistinct sometimes.
She finds 1t difficult at times to express herself in words, so uses actions
instead.

Interview shortened because of time.

Took approx. 1.85 hrs.

Venue fairly quiet (one can hear movement, voices and noise in
background, at times, but not too bad.

Student spoke clearly at first, but toward end became a bit indistinct,
especially if she was not sure of her answer.

Took approx. 2.25 hrs.

Venue quiet except for certain short periods.
Student spoke clearly, too fast at times.
Attempted answers immediately. No long pauses.
Took approx. 2.9 min.

Venue noisy at interval.
Now and again student indistinct.
Took approx. 3.15 hrs.

Venue fairly noisy.

Student is very soft spoken and can hardly be heard at times, making the
transcribing take longer than is necessary, because one has to listen to
something a few times before it becomes more clear.

Took approx. 3.45 hrs.

Venue noisy, but not as bad as previous student.
Student quite clear, although at times indistinct.
Shorter interview than others.

Took approx. 2.5 hrs.



SONIA

® Venue very noisy

Noise only lets up in last 10 minutes of interview.
Student speaks clearly and confidently.

She obviously knows her work.

Answers promptly, reducing waiting time.

Took approx. 2.1 hrs.
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: APPENDIX 8: Interviews
! .

The preamble for all the student interviews was very similar. The researcher
congratulated the students for doing well in test 1, thanked them for their willingness to
be interviewed and explained the reason(s) for the interview. Transcriptions start with the
first question to the student.

INTERVIEW 1 (RAFULA)

Researeher: .. {refers to Q1.3). You said here, a cyclic quadrilateral is a quadrilateral ...

Rafula: Yes, sir. '

Researcher: And you said: four opposite angles and four sides equal... is that what you
understand by cyclic quad? or what do you understand by a cyclic quad?

Rafula: That is what I understood by cyclic quadrilateral.

Researcher: Okay ... that all the sides are equal?

Rafula; That it has four sides.

Researcher: 5o this is sort of only one case?

Rafula: Yes, Sir. .

Researcher: That’s good ... and then further on ... you know the theorem (refers to Q1.7)
“the angle between a tangent and a chord is equal to ... the vertical opposite
angle ... Now what do you mean by that?

Rafula: The angle between the chord?

Researcher: Yes. [lots of noise in the background - something dropped loudly}

Rafula: It means that, it means that ... where (sounded like) the ending is, is in between
the tangent, or it is equal to the ... that the angle is equal to the angle that is
opposite it.

Researcher: Which is opposite it? ... Okay, because what we normally teach in terms of
vertically opposite is this... (shows sketch with intersecting lines).

Rafula: Yes.

Researcher: So you don’t mean that {pointing to the intersecting lines). [loud noise in
background]

" Rafula: No, I don’t mean that,

Researcher: Okay, that’s fine, that’s fine ... The last one here (refers Q1.10). The angle
subtended by the diameter is equal to the opposite angle on the same
segment. So what do you mean by that one?

STLENCE..... HBANDBELL RINGS IN BACKGROUND

Researcher: You know which theorem it is, hey! ... the angle subtended (researcher
prompts ... student mumbles thoughts). You see, let me show you why ...
Here you've got the angle subtended by the diameter is equal to the
opposite (student recites with researcher) angle on the same segment.
Okay, [BELL STILL RINGING] and then if you look at Q2.8 ... angles of

a triangle are supplementary [LOTS OF NOISE]. So, okay, thers they add _

up to ... 180°.
Rafula: .. 180°

-

I e

Researcher: If this theorem is a problem “the angle subtended by the diam
0 eter ...
do you think the answer to that is? Y o What
Rafula: Don’t you want to go back, so that I can see it?
Researcher: (pages back) ... Okay, now ...
Rafula: Yes.
Researcher: {&nd tha.t one (refers (31.10), it also links up to that one (points to Q2.8) and
it also links up to that one {refers test 2,Q5) ... of the same theorem .
That's the one you having difficulty with?
Rafula: Yes.
Researcher: Okay, we're going to come back ... don’t for i
X 2 get o ask me that one
tl}e end ... alright... but that’s fine, so I know that that won't cauge sf::: "
difficulty.
Rafula: Yes.
Researcher: (refenifxg to page 1) ... This I'm happy with, everything went well there
Now I’m going to ask some lovely questions based on your responses tfxere

(refers to test 2)... Now, in Q1, Why do you think that, that ion i
...Xou can see, hey?  duestion s true

Rafula: It was ht}cause this (refers Q1) and the subtended are the same .
Researcher: (points to Q1) because of the reason, there?

Rafula: Yes, it is because of the reason ... INOISE SO LOUD THE RE
RESPONSE IS DROWNED] ST OF THE

Researcher: Okay, so you agree with that. (pointing to students’ i

Rafula: Yes, I agree with that. s e tespomse in Q1)

Researcher: Okay, [NOISEY, then why would this one (refers Q2) be false? (long
pause - Silence),

Rafula: (moves page and points to sketch) I think it is because ... there it is not stated
...hoen.I look at }hns (makes shape of sketch with finger) I don’t see . 1
thxr!k this reason is false because 1 don’t see ... here it is only 60 degrees
(points to the sketch) which is stated on the :

Researcher: Okay, s':;l what would x be for you? (points to the angle). You said its
wrong, hey? ... Then you must say .. if that is wrong, th
correct value for x be? ® fhenwhat would the

SILENCE ..... [ SOUNDS OF CHILDREN PLAYING IN
BACKGROUND] What do you think?

Rafula: The correct value for x is ... will be 180 degrees.

Researcher: Okay, and why?

IR;afula: lfliecags: if T add 120 degrees to 60 degrees it will give me 180 degrees

esearcher: Okay, right ... and these two sketches (refers O1 and O2 ‘
or do they differ? ( @ (92)are hey the same

Rafula: The sketches are the same but the way they put it, is not the same.

Researcher: Okay, okay, so that’s why the one is true and the other one is false?

Rafula: Yes. .

Researcher: Alright, that’s fine ... what about Q3 . How did you go about answering
that one ... You said it is false. (SILENCE) ... By the way, are you familiar

with these figures (refers Q1 & Q2) ... have you
Rafula: Yes, I have seen .. ) you seen those figure before?

. {long silence)
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Researcher: Fine, Q3.

Rafula: Q3, the question says that x is equal to 30 degrees, which is false. x is equal to
50 degrees because x is equal to Q (refers to angle Q).

Researcher: Okay, what will your reason be?

Rafula: They are alternating.

Researcher: They are alternating, okay... and that’s why you said 50 degrees there ..
{pointing to the sketch).

Rafula: Yes, that is why.

Researcher: Okay, that’s good ... and Q4 ... What strategy did you use to answer that
one. [LOTS OF NOISE IN BACKGROUNDI... How did you go about
answering this question. You said it was false,

LONG PAUSE ..... silence

Rafula: um ... (pointing to sketch). I think here, I made a mistake.

Researcher: Oh! you made a mistake.., and what do you think your mistake is?

Rafula: I think that my mistake is that it is true, that x is 50 degrees.

Researcher: And, and your reason?

Rafula: This reason here (pointing to the sketch) is correct ... is correct.

Researcher: So, you're not happy with your answer?

Rafula: Yes.

Researcher: Ckay, fine ... alright Q5 ... [VERY LOUD NOISE IN BACKGROUNDI.
How did you go about reasoning that one? [LOUD TALKING AND

©  NOISE IN BACKGROUND].

Rafula: Here I just thought that [VERY LOUD NOISE] x is 60 degrees, so as [ know
that angles of a triangle measures 180 degrees, so I thought that ... that x is
60 degrees ... there are some values of other ...{rest of the response very
indistinct).

Researcher: 8o, all the angles will be the same?

Rafula: No, not all the angles will be the same, but there are some values other than 60
degrees which will be given (slightly indistinct) ... to form a triangle.

Researcher: Okay, ... and tell me, the line AC, that line is called? (points to Q3).

Rafula: Yes, it is called a ... {(pronounces ‘radiug’ incorrectly).

Researcher: (researcher prompts) ... the radius? ... Okay, lets go to Q6. Okay, you said it
was true ... how did you reason that one?

Rafula: My reason ... yes it is, this is true. X and C they are subtended by the same, by
the same chord ... they are equal. C is 45 degrees and definitely x will be 43
degrees because of this.

Researcher: Okay, good ... I'm happy with that ... um Q7 ... Why do you think that, that
question is true, [NOISE IN BACKGROUND].

Rafula: Because if Ladd, ... T thought that it is true if I add 70 degrees (points to the
sketch) to 110 degrees, they make 180 degrees.

Researcher: Okay, and how do you know it must add up to 180 degrees.

Rafula: I know that by {pointing to the sketch) if by making a line here, it will be two
triangles. One triangle is 180 degrees, (pointing to opposite side), one
triangle is 180 degrees. (response indistinct) ... 180 degrees to make a
triangle.

Researcher: And the reason there? (points to reason next to the sketch). Do you agree
with that reason?

Rafula: Yes, I think that is ... ] agree with that reason. Cyclic quadrilateral measures 360
degrees and 180 degrees is a half of it. If I cut it into two (makes dissecting
gesture on sketch) it gives 180 degrees plus 180 degrees, which is 360
degrees.

Researcher: Okay, because earlier on you said here, ... that the opposite angles of 2
cyclic quad are supplementary.

Rafula: Yes ...

Researcher: What does supplementary mean?

Rafula: It means that they measure 180 degrees,

Researcher: Okay, so that’s your reason ... so you'll agree ., that, that is a cyclic quad.

Rafula: Yes.

Researcher: Alright, lets go onto no. 8, How did you go about answering that question?
... By the way have you seen this sketch before? ... are you familiar with it?

Rafula: Yes, I have seen it before.

Researcher; And did your teacher emphasise that sketch?

Rafula: Yes,

Researcher: Okay, QF ... again ... How did you go about answering that one?

Rafula: Q8, it is said that RS is a tangent, so we are told there that x is 63 degrees, and I
said that is true. Why, because, I thought of this ... they formed a Z like this
(points to sketch) ... so they are equal.

Researcher: Okay, they are equal because they formed a 27

Rafala: Yes.

Researcher: Okay, ... Q9. Explain how you went about that one?

Rafula {mumbles something about a tangent}, I don’t think x is 25 degrees. [LOUD
TALKING AND LOTS OF NOISE IN BACKGROUND]

Researcher: Okay, and why do you say so? [VERY L.OUD NQOISE]

Rafula: Because X must be, must be two times (indistinct) ... so that (response drowned
out by very loud talking in background) ... is a centre ... (indistinct). So I
don’t think this statement is true, that is why it is false.

[AT NO TIME DID RESEARCHER REQUEST LOUD
TALKER/SPEAKER IN BACKGROUND TO LOWER VOICE OR
BE QUIET].

Researcher: Okay, 50 you want to use the angle at the centre?

Rafula: Yes.

Researcher: Okay, right ... good! ... Lets see (turns the page) ... No. 10. How did you go
about answering that question. [LOTS OF NOISE]L

Rafula: When I read that statement and saw that x is 30 degrees, I say that is true,

Researcher: Okay, so you agree with that .. okay, and again you've seen that figure
before?

Rafula: Yes, | have seen it before.

Researcher: And ... Q11. Why do you think that it is true?

Rafula: (mumbles something about x being 82 degrees ... Here I think this is a little
problem, why because x cannot be equal to this angle. x isequal w0 .. ]



think the problem is in here (points to the sketch). I must go to find ...
(interrupted by researcher)

Researcher: So then which angle is equal to 82 degrees?

Rafula: The angle which may be 82 degrees, Ithink is T ... yes.

Researcher: Okay, so you think it is angle T ... and why would you say angle T?

Rafula: I would say that angle T is true, because of this statement ... and this between the
angle and chord is equal to ... (indistinct ... interrupted).

Researcher: To the angle in the other segment ...

Rafula: Yes, Lthink so.

Researcher: Okay, we look at Q12, How did you go about that one?

Rafula: [LOUD SOUND OF DOOR BANGING] ... 1 said that x is 70 degrees because
of, because the chord here, ... the angle A and x are subtended {not clear).

Researcher: Okay, and your happy with that reason?

Rafula: Yes, I agree with it

Researcher: No. 13. Again you reason that its true ... how did ... how did you do that?

. Points to Q13)

Rafula: I thought that this reason is true because it says tangents drawn from common
point are equal (points fo sketch) because of this ...

Researcher: Okay, so which are the two tangents? ... Okay, if we go back {turns to
Q1.9), you said here, two tangents drawn from a common point are ...
equal. That's correct, and ... let me just check ... also you said a tangent to
the circle is a line that touches the circle at one point.

Rafula: Yes, Sir,

Researcher: So would you still agree with what you said?

Rafula: No, I don’t agree with what I said ... I don’t agree (points to the sketch) ... here is
a tangent (refers to line PQ).

Researcher: Okay, and how many tangents are there?

Rafula: Here are two tangents. ... I think the other one is this one (points to line RQ)

Researcher: Okay, so you would say that SQ is a tangent?

Rafula: Yes.

Researcher: Okay, that’s fine ... then lets look at no. 14 quickly. umm ... You said that
one is true. How did you go about answering that one?

Rafula: ] also thought of the two lines ... this ... I thought about this {pointing to line ZU)
... and it goes like this and it turns here and then this angle is equal to this
one because that forms a Z.

Researcher: So it formed a Z again.

Rafula: Yes.

Researcher: 8o that’s why they are equal? ...

Rafula: Yes.

Researcher: And the reason that we use?

Rafula: (Mentions reason) ... (a bit indistinct) {researcher’s emphasis - student refered
to alternate angles}

Researcher: So you agree with that theorem. (refers to reason in skeich). .

Rafula: Yes, that theorem is correct, 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).

Researcher: Okay, did your teacher show you a mechanism for this (points to the
sketch).

Rafula: Yes.

Researcher: Okay, can you remember what he showed you?

Rafula: No ... not now.

Researcher: Okay, and what about no. 15. Again, just explain your reason there ... again
you agreed that, that is true.

Rafula: I agreed because I have seen that. When they say that x is 60 degrees, x is
opposite to ... to this 60 degrees (pointing to the given 60 degrees in the
sketch). So it is equal.

Researcher: How many cyclic quads are there?

Rafula: There are 3 cyclic quads.

Researcher: Okay ... and just name it?

Rafula: Its ADEF and BFCE and BCEF.

Researcher: No ... that's the one you gave me... So it’s only the two ... okay? But you’l]
agree with the reason there ... exterior angle is equal to the interior opposite
angle.

Rafula: Yes .

Researcher: Okay ... no. 16 is a very tricky one. How did you go about answering that
one?

Rafula: (pointing to the sketch) There I said x is equal to 0 (zero).

Researcher: And you said angles at the centre is equal to two angles at circumference.

Rafula: Yes .

Researcher: S0 you using the angle at the centre one ... there?

Rafula: Yes, I used the angle at the centre.

Researcher: Fine ... thank you very much.

INTERVIEW 2 (MANGAND

Researcher: ... Now, the first one is ... why do you think that, that question is true (refers
Q.

Mangani: | think it true because ... for the theorem said that angles subtended by the
same chord are equal.

Researcher: And no. 2.

Mangani: No. 2 is the same thing (points to the sketch) put it like this on this side (
shows the sketch on no.1 to be the same as no.2 just in a different position).

Researcher: Okay, so in this case you said it is true (points to the answer in Q1) .., that
theorem? (points to Q2's answer} ... you said its false, and the staterent to
the theorem .... Do you agree with that statement?

Mangani: Ja ... I don’t know why I said its false,

Researcher: So you will agree that it should be true?

Mangani: Yes, definitely,

Researcher: Okay, and are you familiar with those two sketches? Have you seen #t
before?

Mangani: Ves.
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Researcher: It has been highlighted to you? ... Okay, Q3. How did you go about
answering that one?

Mangani: Ummmm ... I said if P is 30 degrees and then § is 30 degrees ... {points to the
sketch) ... but they say when you say it is true normally (indistinct |
explanation} ...

Researcher: Ja, so you would agree with me that, that one is exactly the same (turns
page} ... as that {points to the sketch on next page, refers Q2.2).

Mangani: Ja ...

Researcher: Okay ... and no. 4? What, what strategy did you use there, to say that it is
true.

Mangani: (points to the sketch). They ... they didn’t use the arc this time, they used the
chord ... so its still the same thing.

Researcher: Okay, so it’s exactly the same ... s0 you don’t see a difference between no.
3 and no. 47

Mangani: No

Researcher: Right ... umm ... Q5 ... Explain your reasoning for that one.

Mangani: Its theorem no. 3, they say the angle subtended by the diameter is 90 degrees
and then here they say x is 60 degress ... it’s false.

Researcher: Okay, and do you know what an equilateral triangle is?

Mangani: (Shakes head and says) No.

Researcher: Alright ... no.6. Don’t forget you can ask me later on what an equilateral
triangle is ... Q6.

Maangani: You don’t mind if you can tell me now?...

Researcher: Hey?

Mangani: You don’t mind if you can tell me now what an equilateral triangle is?... (had
difficulty pronouncing word).

Researcher: Oh, I can tell you now ... an equilateral triangle is a triangle where all the
sides are equal. All the angles equal 60 degrees. Right... No. 6. Explain
your reasoning there as well?

Mangani: No. 6 ... It’s still the same as no. I and up to 4, because it is the same theorem
that angles subtended by the same chord are equal.

Researcher: Okay, s0 you agree thatits based on 1 to 4... fine ... No. 7... Why do you

think that that question is true?

" Mangani: Because they say angles (indistinct mumbling) by the same chord. 1 think that

in angles like this {points to O and S on sketch). When I was writing ...
(indistinct) ... discovered that that is not a cyelic quad. (rest of response
fades).

Researcher: Okay, okay ... so why isn’t that a cyclic quad?

Mangani: A cyclic quad touches all those sides (points to the sketch) .. P, R and S.

Researcher: Okay, that’s good ... umm ... how did you go about answering that one
(moves to next sketch),

Mangani: Q8. They say its (indistinct word) ... I say its false, because when they say the
angle between the tangent and a chord is equal to the angle at the
circumference ... circumference means to touch the circle .., so that is not
right.

Researcher: So that’s false ... okay, good, because O is not at the circumference ... and
Q9 ... You familiar with that sketch? ... Okay, and explain your reasoning
for that question,

Mangani: Umm ... {mumbles indistinctly) ... LONG PAUSE ...

Researcher: You said that U (referring to sketch), ... U is equal to 25 degrees, okay? ...
So why would that one be 25 degrees (refers to sketch).

Mangani: Because, umm ... its angle between the tangent and a chord is equal to the
angle at the other side of the (indistinct word).

Researcher: Okay, and its not x?

Mangani: Yes, itsnotx ... xisP,

Researcher: Okay, so you can’t use that theorem to find x7

Mangani: (Shakes head to answer No)

Researcher: Okay ... thank you. (turns page) ... See we're almost through ... No. 10,
How did you go about answering that one?

Mangani: 1 ... Tused the, Ithink, first or second theorem (poims to sketch no. 10) ...
They say a diameter is perpendlcular to..I... Ididnt know. Ijust
answered it.

Researcher: Okay, so that is the diameter, and you said angles subtended by the diameter
equals 90 degrees ... so which angle is 90 degrees?

Mangani: This angle by R and y.

Researcher: You mean A7

Mangani; A ... A (repeats A)

Researcher: Okay, so you would draw BA ... okay that’s fine ... Q11 ... Why do vou
think that that one is false?

Mangani: Its .. LONGPAUSE... Ithink S and ... like angle Q are in a straight line
{points to sketch) are 180 degrees ... are ... if I can say ... angle Q is equal to
angle S and angle T ... exterior angle is equal to two opposite interior
angles.

Researcher: Okay, 50 you saying ... as you said here ... exterior angles is equal to the two
opposite interdor angles ... So that would be S and T (points to relevant
angles on sketch).

Mangani: (Mumbles something that sounded like, not x somethmg, very indistinct).
PLANE PASSING OVERHEAD.

Researcher: Okay, so the reason [ use there ... the angle between tangent QR and chord
QT is equal to the angle in the other segment ... its not true?

Mangani: Ii’s not, because as there ... its not inside the circle.

Researcher: Okay, so if § had been there by P, then it would have been.

Mangani: Yes.

Researcher: Okay, no. 12 .. umm ... How did you go about answering that one.

Mangani: I think no. 12 ... when they say x is equal to ... I say myself x is equal to angle
E ... why? .. (speaks fast and indistinct), because angle between tangent
and chord and angle E is equal to angle A, so it is 30 degrees.

Researcher: Okay . alright ... and Q13 ... explain your reason there? ... you also said
that its false.

Mangani: I said its faise ... umm ... angle 37 is equal to angle S then angle S .. (points to
angle) ... that 37 and R are both base angles of the isosceles triangle.
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Researcher: Okay.

Mangani: Then ... angle § is 37 degrees ... and the 37 degrees ... you can’t write 37
degrees to make 180,

Researcher: Okay ... so you wouldn't agree with (points to reason next to sketch) ... {rest
of the reasoning indistinct) ... in there.

Mangani: No.

Researcher: No. 14 ... How did you go about that one? You said its true.

Mangani: Yes, its true.

Researcher: So, exterior angles is equal to the opposite angles.

Mangani: Opposite angles ... yes.

Researcher: So, name the cyclic quad for me.

Mangani: TWU and Z. (indicates on sketch).

Researcher: Okay, and the exterior angle?

Mangani: Its W and U. (points to sketch).

Researcher: And the intetior opposite angles?

Mangani: {points to T and x) Say T and x.

Researcher: Just, just that one there? (points to relevant angle) ...

Mangani: (Nods) Yes.

Researcher: Okay, and are you familiar with that sketch as well?

Mangani: Yes.

Researcher: Okay, what about no. 15. How would you go about that one?

Mangani: Umm ... its still the same thing as 14, because its, er ... er ... exterior angle ...

Researcher: Is equal to the ...

Mangani: Otherside of the cycllc quad.

Researcher; Alright, so its the same theorem, so there isn’t 2 pmblem there ... And no.
16. How did you go about answering that question?

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 the interior opposite angles. (points to 17 and R). So its still the same
thing as that ... {indicating parallel notations on sketch).

Researcher: Okay, 5o you agree with me that TUV is an exterior angle.

Mangani: Yes, or is an angle between a tangent and a chord.

Researcher: Okay, great ... thank you very much ..

INTERVIEW 3 (VUYOLWATHYU)

Researcher: ... So we can start off with Q1... Why do you think that that guestion is
true? (Researcher moves page for student to see better) ... (repeats
question)

Vuyolwathu: LONG PAUSE ... Because er... its because angle § is subtended by the arc
PR.

Researcher: And you would agree that the angle subtended by the same arc are equal.

Vuoyolwathu: Yes, yes.

Researcher: That (pointing to Q1) is exactly the same as Q2.2. Would you agree with
that?

Vuyolwathu: Yes, sir.

Researcher: Okay, so there’s no difference (turns page). Right ... question ... (tumns to
next page) ...and you are familiar with that sketch? You've seen it before?
... you’ve seen this figure before? (points to sketch no.1)

Vuyolwathu: Yes, sir.

Researcher: Alright, no.2. ... Explain your reasoning for that one. You also said it was
true.

Vuyolwathu: PAUSE ... I think angle x is in the centre (very indistinct).

Researcher: Alright, ... that’s why it's true?

Vuyolwathu: And x is twice the size the angle at the circumference ... If angle C is 60
degrees ... then angle x is 120 degrees.

Researcher: Okay, and is there a difference between no.1 and no.2?

Vuyolwathu: LONG PAUSE ...I wouldn’t say there is a difference, sir.

Researcher: So, it’s the same?

Vuyolwathu: Yes.

Researcher: Alright, no. 3 ... How did you 80 about answering that question,

Vuyolwatha: No. 37 . First it’s false.

Researcher: You said it’s false?

Vayolwathu: Yes ... umm ... I said P plus Q plus T is equal to 180 degrees ... reason ...
(very indistinct response).

Researcher: Is 180 degrees?

Vuyolwathu; Yes.

Researcher: Okay ...

Vuyolwathu: Then I say, since angle Q is 50 degrees and angle P is 30 degrees, therefore
angle T is equal to 180 - 50 - 30, therefore angle T is equal to 100 degrees.

Researcher: 100 degrees ... okay.

Vuyolwathua: Angle T1 and T2 are equal, reason ... vertically opposite angles. (refers to
sketch all the time while answering).

Researcher: Okay.

Vuyolwathu: Then if x is 30 degrees, therefore R is 30 degrees.

Researcher: So if x is 30 degrees, then R must be 30 degrees ... okay, so ... but then you
agreeing with that statement, and you said it was false ... (tumns page toward
himself) ...Okay, now let me just ask this question ... I said x =30 ... okay
(pointing to the sketch no.3) ... that’s the x, and the reason is ... angles
subtended by the same arc QR ... would you agree with that statement?

Vuyolwathu: Yes, [ agree.

Researcher: You agree ... 50 that would then be true?

Vuyolwathu: (Student moves page 1o see better) ... (mumbles something and is asked by
researcher to speak a bit louder)...

Researcher: You must just talk a little bit louder, okay ... So you don’t think that’s true?

Vuyolwathu: Yes. NOISE IN BACKGROUND

Researcher: Okay, 50 you happy with your explanation there? (pointing to sketch}.

Vuyolwathu: Yes (very sofily)

Researcher: And that is still false to you?

Vuyolwathu: Yes
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Researcher: Okay, no problem ... okay, lets go onto no. 4. What strategy dit you use
here, to say that that’s true?

Vuyshvathu: NOISE IN BACKGROUND ... You see, Luse .. {mumbles something
indistinct)

Researcher: Okay, we don’t know the numbers, so you must give me the statement, ja.

Vuyolwathu: Angle subtended by the same chord? ... (indistinct last word).

Researcher: So you agree with that one?

Vuyelwathu: Yes.

Researcher: Okay, and what is the, the chord we said is? ... AB.

Vuyolwathu: (student repeats) ... AB

Researcher: And you’re familiar with these sketches so far? (points to the completed
sketches)

Vuyolwathu: Yes, sir,

Researcher: Alright, what about Q5.

Vuyolwathu: Q5 ... (student turn page toward him). First, angle ... (rest of response
indistinct, but ends with) ... is 360 degrees.

Researcher: Okay.

Vuysolwathu: If we take one half this side, and one half this side (points to sketch no.5)
... this angle B is subtended by the arc AC (illustrates by gestures on
sketch) ... so {indistinct word} ... which side O is subtended by the chord, ...
I mean O subtended by the chord is 90 degrees, AC"s a chord.

Researcher: Okay, okay, you used the word there ... AC’s a chord.

Vuyolwathu; Diameter.

Researcher: You agree with that.

Vuyelwathu: Yes, sir. Yes, sir,

Researcher: Okay, so ... AC is a chord, but it’s a special chord, that’s why you called it
the diameter.

Vuyolwathu: Yes, sir. Diameter,

Researcher: What about Q6 ... Explain your reasoning there? ... You also said its true
(points to relevant sketch and reason)

Vayolwathu: LOTS OF NOISE IN BACKGROUND ... OTHERS TALKING LOUD
IN THE SAME ROOM ... Angle (indistinct) .. is an arc.

Researcher: Okay.

Vuyolwathu: And this arc (indistinct) ... angles subtended by the same arc are equal, so
if angle A is 45 degrees then angle C is also 45 degrees ... (speaks fast and
indistinct) ... {refers to sketch no.6, as he speaks).

Researcher: Okay, that’s fine ... what about no.7 and the question again ... Why do you
think that one is false.

Vuyelwathu: No. 7... SOMEONE BEING LOUD IN BACKGROUND

Researcher: Ja ...

Vuyelwathu: PAUSE ... I think this is not a cyclic quad. (refers to angles on Q7)

Researcher: That is not a cyclic quad... Okay, why isn’t it a cyclic quad?

Vuyolwatha: Cause this angle doesn’t touch the circumference. (refers to angle on
sketch no. 7).

Researcher: Okay, fine ... Q8. How did you go about answering that one ... you said its
true?
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Vuyolwathu: I used the tan chord theorem.

Researcher: You used the tan chord theorem, so then you agree with that statement,
there (refers to reason of sketch no 8).

Vuyolwathu: PAUSE ... Yes (LOTS OF NOISE- NO ONE ASKING THAT NOISE
STOP ...

Researcher: Alright, and you would also agree that that sketch is the same as (turns
page) ... that one ... (refers to Q 2.7).

Vuyolwathu: This one ... (agreeing with the researcher)

Researcher: Okay, so there isn’t any difference?

Vuyolwathu: (Student turns pages 1o relevant sketches to check again) ... this skeich
{asks about sketch 8 again).

Researcher: Ja, that sketch (refers no.8) ... and that one ... (refers to Q2.7)

BELL (HANDBELL) RINGS IN BACKGROUND _ SOUNDS AS W
TTS RIGHT OUTSIDE THE DOOR,

(VERY LOUD NOISE) ... {researcher has to once again point out the
relevant/particular sketches) ... there’s the one and here’s this one ...

Vuyolwathu: They are different.

Researcher: They are different ... and, and what’s different?

Vuyolwathu: This angle (refers Q8) which is subtended by this chord is not a ... (word
indistinet) ‘

Researcher: Okay, so you agree that, that that is ...

Vuyolwathu: True.

Researcher: You still agree that it’s true?

Vuyolwathu: Ja, its true, yes,

Researcher: You're confused now because you realising that those are not the same
things.

Vuyolwathu: Yes, sir. (speaks softly).

Researcher: Okay, that’s fine ... What about Q97 BELL STILL RINGING ... How
would you go about reasoning that one? You, you just said False. (refers {o
sketch) .. LONG PAUSE ... Why do you think its false?

Vuyolwathu: (Student mumbles to himself at first - indistinctly) ... I think the angle
which is between the tangent and the chord, (points to n0.9) doesn’t
subtend this angle (refers to P), it subtends this one ... angle U.

Researcher: Ob, 5o its U that is 25 degrees... (turns page} ... Q10 ... How did you go
about answering that one? -

Vuyolwathu: Well, I think, (indistinct) ... then if angle O is 60 degrees, therefore angle O
is equal to twice the circumference ... TAPE SOMEHOW GOES
INAUDIBLE FROM THIS POINT TO Q12. LOTS OF GESTURING
ON TAPE, BUT NO SOUND.

Researcher: (Sound starts up again) ... Okay ... what about Q12, and again, you are

' familiar with that sketch ... you've seen it before?

Vuyolwathu: No ...

Researcher: No .., okay .., Q12, How did you go about answering that one?

LONG PAUSE ... LOTS OF NOISE IN BACKGROUND

Vuyolwathu: I think the angle which is in the alternate segment is angle A ... [used the
theotem ... the angle between tan and chord subtend equal angle in opposite
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segment, 50 A s in alternate segment. (THIS PART ALONE TOOK 10
MINUTES TO DECIPHER WITH THE HELF OF RESEARCHER.
STUDENT WAS EXTREMELY INDISTINCT)

Researcher: Okay, so you will agree with this statement then?

Vuyolwathu: Yes.

Researcher: Okay, fine ... and you happy with the strategy you used ... the way you did
it?

Vuyolwathu: Yes.

Researcher: Right ... Q13 ... Okay, explain your reasoning for saying that is false?

Veyolwatha: LOTS OF NOISE AND TALKING ... I think QR is not a tangent.

Researcher: Is not ... so therefore the reason is not correct?

Vuyolwathu: Yes.

Researcher: Right ... What about Q14. How about answering that one. You said its true.

Vuyolwathu: (Student glance intently at page) ... LONG PAUSE .. STILL NOISE IN
BACKGROUND ... SOUNDS OF YOUNG CHILDREN PLAYING..
Angle V is a exterior angle.

Researcher: Okay, so that’s the exterior angle (refers fo no. 14) and where’s the interior?

Vuyolwathu: Interior? ... this one (points to angle x on skeich)

Researcher: x .50 you agree that, that is correct. there’s nothing, nothing wrong there?

Vuyelwathu: Yes.

Researcher: Okay ... and no. 15 ... How did your teacher explain that one to you?

Vuyolwathu: First, I use this theorem ... I use cyclic quad EDFA ... LOTS OF NOISE
.. and if this is exterior angle {points to the given exterior angle) and this is
the opposite angle {pointing to angle D) ... and the theorem says ... the
exterior angle is equal to the opposite interior angle and D is the opposite
interior angle, therefore angle D = 60 degrees.

Researcher: Okay, so you're happy with that one, and the way you answered that one
(refers to no.15), is the same as this one. (refers to no.14).

Vuyolwathu: Yes.

Researcher: Okay ... umm ... Q16. Okay, how did you go about answering that one ...
again you said, false.

Vuyohwathu: PAUSE ... umm ... 16 ... I think sir it is not the interior angle.

Researcher: Okay, which angle is between tangent and chord?

Vayolwathu: Its, its this angle (refers to given angle 57 degrees).

Researcher: Okay ... sure?

Vuyolwathu: Yes, this angle is 57 degrees ... the angle at the alternate segment is x,
therefore x is 57 degrees.

Researcher: So you agree with that statement? (refers to sketch).

Vuyolwathu: No, sir ... I do not agree with it.

Researcher: You don’t agree with it, because here we said the exterior angle of a cyclic
quad. is equal to the interior opposite angle.

Vuyolwathu: U is not the interior angle ... I mean the exterior angle.

Researcher: U is not the exterior angle ... fine ... great, that was good.
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INTERVIEW 4 (ZAMEKA)

Researcher: ... Now the first one is ... you said this is false, and x = 20 degrees. Why do
you think that was false (refers to Q1).

Zameka: NOISE IN BACKGROUND, LOUD VOICES ... lts because this angle, the
angle this side (refers to 40 degrees on sketch) is twice the angle of the
circumference, therefore ¥ should be the half of that.

Researcher: Half of that ... Okay, and no. 2. You said its true, so you agree with the
statement.

Zameka: Yes. (speaks softly).

Researcher: And are these two questions exactly the same?

Zameka: (turns page toward her) ... Yes. »

Researcher: Okay, and you're familiar with those questions, I mean with those sketches
... you've seen it before?

Zameka: Yes, sir.

Researcher: Okay, umm ... this one you said was faise {referring to Q3) ... thatis true ..
so0 there isn’t a problem there (referring to Q4) ... lets goto Q7.7

Zameka: (Student turns page toward her to see better).

Researcher: Okay, why do you think that question is false?

Zameka: They say the opposite angles of a cyclic quad are supplementary.

Researcher: Speak a little bit louder.

Zameka: Okay, sir ... this is not a cyclic quad, because this sides are not lying on the
circumference.

Researcher: Okay, so that is false, because that’s not a cyclic quad.. Perfect, I'm happy
with that ... what about Q8 ... umm ... How did you go about answering that
one.

NOISE AND TALKING IN BACKGROUND ...

Zameka: PAUSE ... (mumbling to herself)

Researcher: Cause you see, you just wrote false, so that’s why I want to see why you
said it was false.

LONG PAUSE AGAIN ... STILL LOUD TALKING IN
BACKGROUND

Zameka: Okay, sir ... this angle 65 degrees there (pointing to the relevant angle in Q8) is
between a tangent and a chord. That statement, this theorem says an angle
between a tangent and a chord is equal to the angle in the alternate
segment, but O is not an alternate segment.

Researcher: Is not on the ... circumference?

Zameka: (student merely repeats what researcher says)

Researcher: Okay, so that’s why its false . . alright, good .. Q8 (researcher meant no. 9)

) ... How did you go about answering that one?

Zameka: (Student moves page to see better) ... PAUSE ... LOUD MALE VOICE IN
BACKGROUND ... VERY LONG PAUSE ... VERY NOJSY ... This
angle B (pointing to angle on sketch 9) should be 25 degrees because ...

Researcher: (repeating) Angle B should be 25 degrees ... and why would angle B be 25
degrees? :

Zameka: Because this angle (referring to T) should be equal to that one (referring to B).
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Researcher: And what reason would you use?

Zameka: The angle between a tangent and a chord is equal to the alternate segment.

Researcher: Okay, if I had x by B, then that would be true? is that what you saying?

Zameka: Yes. ... LOUD MALE VOICE IN BACKGROUND

Researcher: Okay, right ... okay ... good ... LOTS OF NOISE ... (turns page) and you
familiar with these sketches, you've seen it before (refers to sketches of test
2)

Zameka: Yes.

Researcher: Okay ... umm ... Q11 ... Why do you think that question is true?

Zameka: This one (points to Q11). .

Researcher: (repeating) Ja ... why do you think it is true?

Zameka: (points to sketch) ... I say its false ... VERY LOUD NOISE ...

Researcher: Oh ... okay, false ... why do you say its false?

Zameka: Because x is not ... LONG PAUSE ... x is not a tangent ... PAUSE ... x, x is not
a tangent, sir.

Researcher: S .. xis ..,

Zameka: Iz not a tangent ... is not an angle between a tangent and a chord.

Researcher: Okay, so where should x have been?

Zameka: LOUD NOISE ... (points to sketch. Here ... (referring to T).

NOISE IN BACKGROUND VERY LOUD.

Researcher: Because I see you put the 82 degrees over there (referring to P). So why do
you put the 82 degrees over there?

Zameka: I was thinking, this 32 degrees ((J) should be the angle between the tangent and
the chord, therefore equal to P

Researcher: Okay, angle between tangent and chord should equal that one (refers to P}

‘ ... Okay ...and Q12 we said ... Okay and Q13 ... You said its faise, lets see
why.

Zameka: LONG PAUSE ... LOTS OF NOISE IN BACKGROUND... Here are not the
tangents from the common point.

Researcher: What, what’s not the tangent?

Zameka: PQ and QR.

Researcher: Are not tangents?

Zameks: Yes ... QR 5 not atangent,

Researcher: OR, is not the tangent ... Okay, in Q14 you said it’s false ... and your
reason?

Zameka: PAUSE ... Okay. sir, this x should be 78 degrees, but x is not 78 degrees,
because this angle (refers to V), this exterior angle is equal to all angle T.

Researcher: The whole angle T ... Okay ... alright ... the last one. No.16. How did you do
that one?

Zameka: PAUSE ... (turns page toward her to see better) ... SOUNDS OF TYPING
AND CUPBOARD DOOR BANGING IN BACKGROUND ... Angle U
is not the ... is the tangent, therefore angle T should be equal to S1.

Researcher: Should be equal to 81 ... so the main thing is, that that angle is not the
exterior angle {refers to the given angle).

Zameka: Yes, sir.

Researcher: Okay ... thank you very much ...
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INTERVIEW 5 (NDZILA)

Researcher: Let me ask you this question here, the very first one (referrring to Q1). Why
do you think that one is false?

Ndzila: Umm ... it is false because this angle is touching the circumference and this one
is the centre, so I must say the angle at the centre is twice the angle at the
circumference, so this statement is false.

Researcher: Okay, good, now if that was the case, then what would x have been?

Ndzila: If this is the angle at the centre, umm ... it would be 80 degrees ... x (pointing to
the cenire of sketch).

Researcher: So, so the angle there .. (indicating S on the sketch) would be double that
one (indicating 40 degrees on sketch), or is it the other way round?

Ndzila: It’s double ...

Researcher: Which one is double?

Ndzila: (Student indicates 40 degrees)...

Researcher: That one is double $?

Nezila: Yes.

Researcher: So then x would be what? Will be 80 degrees.

Ndzila: x will be 80 degrees.

Researcher: Okay ... we will come back to that again ... No. 2... you said its true.
Alright, so if its true, then it means the angle at the cenire is twice the size
of the angle at the circumference ... okay ... Are those two sketches the
same? (referring to Q1 and Q2).

Ndzila: Umm ... ves.

Researcher: Okay, so you don’t have a problem, you’ve seen these figures before
(referring to the sketches in 1 and 2).

Nezila: Yes.

Researcher: Okay ... lets go onto the third one there, umim ... you said its false ... why do
you say its false?

Nezila: LONG PAUSE ... (student whispering to herselfy ... umm ...

Researcher: You see, I'm also looking at the reason that you gave,

Ndzila: Okay ... LONG PAUSE ... (still trying to work out answer, points to sketch now -
and again).

Researcher: Or just tell me how do you think you went about it, ... I see a hundred there
... {pointing to 100 written in on centre of sketch),

Ndzila: Okay, this is a triangle (referring to PQT), so these are ... angles (response

. indistinct).

Researcher: Okay, and then?

Ndzila: Umm ... [ donw’t know... LOTS OF NOISE IN BACKGROUND ... PAUSE ...

Researcher: Okay ... lets go onto this one (referring to Q4) ... No. 4. Why ... how did you
go about solving that one {pointing to sketch no. 4) ... What strategy did
you use? '

Ndzila: Umm ... angles subtended by the same chord are equal angles.
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Researcher; Okay, so you used that one ... are these two exactly the same? (referring to
sketch 3 and 4).

Ndzila: No ...

Researcher: What’s different?

Ndzila: Because here, referring to P on sketch 3), this line touches the circumference ...
this line (referring to § in Q3) is just hanging ... so that’s why.

Researcher: Okay, so that was the main reason why that one (referring to Q3) was false?

Ndzila: Yes,

Researcher: Okay ... now lets go onto Q7 ... you said false. Why do you think that is
false?

Ndzila: Well ... this is not a cyclic quad. ... umm ... because a cyclic quad. ... must be on
the circumference ., all four ... {indistinet) ... Here, there is only P, S and
Q, O is hanging, 50 that’s why.

Researcher: Okay ... so the main one is that O should be on the ., circumference?

Ndzila: Yes ... that’s right.

Researcher: Okay, that’s fine ... Q8. How did you go about answering that one ... you
said its true, right?

Ndzila: (whispering to herself and then says loudly) ... Yes, it is ...there’s the angle
between the tangent and a chord. (referring to 65 degrees on Q8) ...

Researcher: Okay, so you’ll agree with me that this one here (referring to Q8) and the
one that you had correct in Q2.7 (referring to Q2.7) is the same? (pointing
to the two refevant sketches)

Ndzila: Yes, it is.

Researcher: Okay, so there isn’t a difference between the two?

Ndzila: No.

Researcher: Okay, ... that’s fine ... What about question ... (pointing to 9 but not
completing sentence) ... and you familiar with ... you've seen that sketch
before? (pointing to Q7) and that one (pointing to QB).

Ndzila: Yes.

Researcher: Okay ... and the others you are quite familiar with those as well?

Ndzila: Yes, sir.

Researcher: Alright, what about Q9. How did you answer that one?

Ndzda. Okay, this is the angle between the tan and a chord (referring to the 25 degrees)

. 80 it is equal to this ... an alternate segment (pointing to sketch)

Researcher: So that is very much the same as this, that and that one (referring to Q8 and
Q7, the other sketch R pointed to was out of the picture}

Ndzila: Yes, sir.

Researcher: Alright ... lets go onio n0.10 (turning to the relevant page) ... umm ... at least
no. 11... I am very interested just to see how you went about no.11.

Ndzila: Umm ... (turns page closer to her) ... PAUSES LONG ... {then whispers to herself
and finally points to the sketch) ... Here 82 degrees is ... this is a triangle, s0
82 degrees is outside the triangle. So this is an exterior angle ... so P've
said, the exterior angle is equal to the opposite angle.

Researcher: (Researcher repeats) ... to the opposite angle ... So you don’t agree with that
statement? (referring to the reason next to the sketch no.11).

Ndzila: Yes ... (mumbles something incoherent).
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Researcher: It says there the angle between the tangent and the chosd ...

Ndzila: No ... 1 don’t agree.

Researcher: Alright ... so you using the exterior angle of a triangle.

Ndzila: Yes.

Researcher: Okay, ... What about n0.12. You said its ... you said it was true ... Now,
what strategy did you use there, or how did you go about solving that
problem? ’

Ndzila: PAUSE ... okay (points to sketch) ... this is a tangent (referring to DCF) . . now,
this one ...(pointing to angle x) ... (indistinct) ... now, this one ... the chord
is here (referrmg to CB) ... a tangent {pointing to CF) ... s0 (mdlstmct)
this one (refers to centre) ... (SPOKE IN A 5TOP AND START MODE)

Researcher: And that's why you agree wath it?

Ndzila: Yes.

Researcher: So the angle between the tangent and a chord is equal to that angle (points
to the given angle on sketch 12).

Ndzila: Yes, sir. )

Researcher: Okay, that’s fine ... and Q13. What is your reasoning for that one ... you
said false ... QR is not a tangent ... you agree that QR ... Why is QR not a
tangent?

Ndzila: QR? ... is not a tangent ... a tangent must touch a circle at one point. {referring to
sketch 13) ...So this is just from here to here (referring to QR),

Researcher: Okay, s0 it’s not a tangent ... that’s fine ... Q14 ... How did you go about
answering that one?

Ndzila: Err .. the exterior angle is equal to the interior opposite angle.

Researcher: Okay, ... and you’ve applied the theorem correctly?

Ndzila: Ves. . -

Researcher: Okay, so you, so you don’t see anything wrong, there?

Ndzila: No.

Researcher: You happy with that?

Ndzila: Yes.

Researcher: Alright, ... no. 15. You said, false ... and then you said the reason ... is the
angle between 2 tangent and a chord is equal to the angle in the alternate
segment ... Now ... is GE a tangent?

Ndzila: No ... it’s not a tangent.

Researcher: So that’s not correct that you filled in there?

Ndzila: Yes,

Researcher: Okay, ... so, what do you think? ... So I’ve said that itg 60 degrees, and my
reason, would you agree, or not agree?

Ndzila: Ja ... the exterior angle is equal to the interior opposite.

Researcher: So you will agree that it is ... true?

Nezila: Yes,

Researcher: Okay, ... and there isn’t a ... is this exactly the same? ... (referring to Q14
and Q15) ... number 14 and 157

Ndzila: No ... LONG PAUSE ... '

Researcher: What do you think is different?
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Ndzila: I must say this one ... (referring to T and x on sketch 14) is not really opposite to
this angle ... (referring to given angle). (

Researches: Okay, so that wouldn’t be true then ... (referring to the reason of Q14).

Ndzila: Yes.

Researches: So it will be false?

Ndzila: I think so.

Researcher: That its false ... so you would disagree with your answer, there ... (referring
{0 answer given in the sketch/ reason 14 ) as true?

Ndzila: Thats the way I said it is true, but then its ... (response very indistinet).

Researcher: Okay, ... because you see, in the goodies ... (referring to test 1) you had the
correct statement there, so if you look carefully at Q2.3 and sketch 14, are
you applying it correctly?

Ndzila: I applied it correctly to this one. (refers to Q14)

Researcher: In that one, okay.

Nezila: And now ..

Researcher: What, what did you do wrong there?

Wezila: Well, this is a ... (indistinct) ... and these angles are equal ... and then what about
this one? ... (refers fo the 78 degrees).

Researcher: Okay, thats the 78 degrees.

Ndzila: Yes.

Researcher: Okay, now where’s the interior opposite angle?

Ndzila: What about this one ... ( pointing to Z) on skeich 14,

Researcher: Z

.Ndzila: No, T.

Researcher: T, but notx or T and x?

Ndzila: x

Researcher: x7

Ndzila: Yes.

Researcher: So, so that’s correct (pointing to the sketch) ... 80 you go back to your true
statement. .

Ndzila: LONG PAUSE .., Yes, that is true.

Researcher; Okay, no that is fine ... lets go to the last one. Q16... umm ... how did you
go about answering that one? and you said vertically opposite angles? ...
now you must explain. Tell me how did you think you were going to solve
that one?

Ndzila: (Whispering to herself) ... (pointing to parallel signs on the lines) ... this sign here
are telling me that these lines are parallel, So that is why I said false, I think
... if the lines are paraliel, the corresponding ... angles are vertical, and so 1
just assume it is ... (indistinct last word).

Researcher: 8o, s0 you don’t agree with what I did there ... (pointing to reason given} to
say that that’s the exterior angle of the cyclic quad.

Nizila: 1 do, I do. (sounded uncertain).

Researcher: So, TUV is an exterior angle of a cyclic quad. You'll agree with that?

Nuzila: Yes.

Researcher: Okay, so then that will be similar to theses ones? ... number 14 and 157

Ndzila: Yes, yes.
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Researcher: Okay, right, great.

INTERVIEW 6 (RUSHANA)

Researcher: ... I am going to start with Q7. There ... have a very good look at Q7. There
... why do you think that guestion is true?

Rushana: Cause its a cyclic quad, ... that’s what T was thinking when I went .. (indistinct
end of response). .

Researcher: Okay, so you thought that was a cyclic quad?

Rushana: Mmm, opposite angles of a cyclic quad. Ja.

Researcher: Okay, and you obviously know what a cyclic quad is, because you got it
right, you knew the definition, and you obviously picked up that, that figure
was a eyclic quad.

Rushana: Cyclic quad, yes,

Researcher: And do you realise what went wrong there?

Rushana: Yes.

Researcher: Do you still agree with what you said?

Rushana: No (laughs) ... the points are not touching the circumference on the circle.

Researcher: So then it’s not a ... cyclic quad, Fine ... what about question ... umm ... Did
that sketch pop up in your teaching? Did your teacher show you something
like that? Are you familiar with that sketch?

Rushana: With this one?

Researcher: Withno.7 ... Have you seen a problem like that before?

Rushana: Yes .. (giggles). '

Researcher: Okay ... and Q8 ... umm, ja, how did you go about answering that one?
Again your response was true, hey. A

Rushana: Yes, umm ... the angle between the chord and tangent equals the angle in the
opposite segment.

Researcher: And you still agree with what you said, here?

Rushana: (giggle) ... I think that should also touch the circumference of the circle ... I'm
not quite sure ...

Researcher: Which point?

Rushana: This one over here (points to the centre of sketch 8) ... point O,

Researcher: Okay, because again I think, if you check .. the statement you had correct,
hey!

Rushana: Umm ..

Researcher: The angle between a tangent and a chord is equal to the angle in the other
segment, (turns page) ... and DE is a tangent ... you see, you got that correct
as well ... {points to Q2.7 on previous page), right ... and if you compare the
two, then you can see, maybe, what went astray, and its exactly what you
just said, now ... that, that point should be on the circumference.

Rushana: Yes. (gipgle).
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Researcher: So, it’s those kinds of things that we need to pick up on. What I want to
know from you again ... Was that emphasised in the class? Have you seen
something like that?

Rushana: We don’t get it that simple ... like only one figure with a lot of others.

Researcher: With a lot of lines and things in ...

Rushana: Umm ... {giggle).

Researcher: Okay, what we wanted to pick up here was just to find out, because
obviously, if things like that go astray, then its obviously going to mess up
the rest of the ... umm ... problem solving, alright?

Rushana: Yes.

Researcher: How about Q9, now you must take me through that, very siowly. You also
said its true, just explain your reasoning?

Rushana: Cause this is the angle between a chord and a tangent, 50 it equals angle U in
the opposite segment. (points to U on skeich 9).

Researcher: Okay, so it equals angle U. (pointing to U on sketch 9), but we want x, so
would you agree that x is 25 degrees?

Rushana: PAUSE ... giggle ... No.

Researcher: Why not?

Rushana: {giggle) ... umm ... no that isn’t in the opposite segment.

Researcher: Okay. So that’s not the angle in the other segment?

Rushana: No.

Researcher: And if you should try and solve it, what do you think you’ll do?

Rushana: {mumble to herself, probably trying to work out the answer).

Researcher: I hope I'm not putting you on a spot now?

Rushana: (laugh) ... No ... umm ... (laugh) .. .Ican’t see this ... now. I think its the
exterior angle of the cyclic quad, so then if ... let me just think ... this is the
exterior angle (referring to the given 25 degrees) of the cyclic quad, ne,
TQPB, okay?

Researcher: Okay.

Rushana: You have to lock at the angle next to this one {points to given 25 degrees),

’ then the one opposite that is equal, so that’s why x will be 25 degrees.

Researcher: Okay, so you agree with that ... that’s the exterior angle (pointing to same
25 degrees), which is equal to the interior opposite angle ... okay ... lets go
on. (turns the page). Q11, you also said it was true ... can you explain that
one to me?

Rushana: PAUSE ... [ don’t think its true because the triangle isn’t in the circle.

Researcher: Okay, which triangle?

Rushana: Triangle PSQ.

Researcher: So S must be ... in the circle. Is that what you’re saying?

Rushana: Umm ... {(agreeing).

Researcher: Okay, and if § was on the circle, then that would be 82 degrees.

Rushana: Yes.

Researcher: Right, okay, fine and Q12, how did you go about that one ... you said true ...

Rushana: Umm ... (agreeing).

Researcher: I'm just looking at ... a strategy. What strategy did you use?

21

Rushana: Oh! ... because this angle over here, angle %, is the angle between a tangent
and a chord, so if you do this over here (her hand covers something, cannot
see what), and then angle E will be ... (mumbles something indistinct, and
continues) .. this two over here, (points to B and E) are angles in the same
segment, that is why it equals ... 70 degrees. And then this one, here, is the
angle between a tangent and a chord (referring to angle at C), that’s why it
will equal to angle E (points to E on Q12).

Researcher: Okay, so you had a good strategy for doing that one, that’s fine ... umm

' QQ13, that one, you also responded with true.

Rushana: I have no idea how I worked out that one ... {(giggles).

Researcher: But would you agree that it’s true, or would you change your mind now?

Rushana: No, I don’t think it may be true. (giggles)

Researcher: Why not?

Rushana: Umm ... PAUSE ... there’s no reason for it (laughs) ... let me see now why
they say (points to reason next to Q13), PQ eguals QR ne.

Researcher: PQ equals QR ... so you agree with that?

Rushkana: Umm ... (agrees).

Researcher: Alnight, and the rest of the part where it says tangents drawn from a

common point are equal? ... do you agree with that statement?

Rushana: Yes. i ’

Researcher: Okay, now do you agree that RQ is a tangent?

Rushana: RQ?

Researcher: Is RQ a tangemt?

Rushana: Yes.

Researcher: Okay, ... why is it a tangent, or what is a tangent?

Rushana: A line that touches a circle at only one point.

Researchér: And RQ, is it touching at one point?

Rushana: No ... (giggles).

Researcher: It cuts at? ... two points, at R and S (points to points on sketch 13) ... So
now would you still agree with what you said?

Rushana: No ..

Researcher: Okay, and if you should try and solve it, what would you do?

Rushana: This angle over here, SGP ne? (points to SQP on sketch 13), that will also
equal to 37 degrees.

Researcher: Okay ... and your reason?

Rushana: Because PQ equals QR. So it’s an isosceles triangle.

Researcher: (repeats) ... because PQ equals QR.

Rushana: Umm ... {agrees). So that this means that this angles here are equal. {points to

’ relevant angles).

Researcher: Because, then you're agreeing with the statement again. PQ and QR is equal
(points to given reason).

Rushana: Ja .. T have no idea how to solve this one because the angles only starting from
there {points to given 57 degrees), its not like that other one, you could see
that its a isosceles triangle.
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Researcher; Yes ... so what you could do ... is ... that’s the angle (pointing to angle at P)
between a tangent and a chord, so that would be equal to angle 8. (points to
S). .

Rushana: Yes.

Researcher: Right ... using the tan/chord theorem, and then since this is an isosceles
triangle, you can get the base angles, and then you can get to the
supplement of that.

Rushana: Umm ... (agrees).

Researcher: Again, what I'm looking at is ... or what's missing here is the fact that you.
had the tangent correct. You knew what a tangent was by definition. You
applied it there (points to sketch in Q2.7), but it just went astray over there
(referring to Q13), so you just need to watch out for that ...

Rushana: Okay

Researcher: Umimn ... and then the last one. 16, can you explain how you would go
about solving that one ... you ended up with 57 degrees, so I just want o
see if you still agree with what you did there.

Rushana: Umm ... this one is the exterior angle of a cyclic (refers to RSUT), so then it
equals the interior opposite angle, that’s why 1 got x = 57 degrees.

Regearcher: Okay, 50 it would be similar to the other one you mentioned earlier.

Rushana: Umm ... (agreeing)

Researcher: The exterior angle is equal to the interior opposite angle.

Rushana: (repeats the last part of sentence) ... to the interior opposite angle ...

Researcher: Okay, good ... nearly done.

AT END OF SKETCHES, RESEARCHER CAME BACK TO Q16. THE
BELL RINGS FOR INTERVAL, VENUE BECOMES NOISY.

Researcher: Now, 'm going to come back to the last thing you gave me ... no.16 ... you
said the exterior angle of a cyclic quad is equal to the interior opposite, and
there you have a couple of sketches (pointing to Q14 and Q15). Do you
think ... you’re applying the theorem correctly? ... You don’t have to solve
it.

Rushana: No.

Researcher: Okay, why not.

Rushana: That is not the exterior angle {pointing to angle at U) ... This one over here is
{pointing to angle at T).

Researcher: That’s right, okay ... and you kiow why that one is?

Rushana: Because, umm ... ooh yes, a tangent { pointing to UW) ...(rest of response
indistinct, Swallows words).

LOTS OF NOISE OUTSIDE

Researcher: So, so this would then be the angle between {pointing to given angle 57
degrees) ... the tangent and the chord.

Rushana: This one would be 57 degrees. (pointing to 8).

Researcher: Yes ... okay, ... that’s fine ... as long as you identify that that’s not actually
the exterior (pointing to the given angle) angle, if one side is not produced.
Alright, Rushana, thank you very much (only now does the name of student
get mentioned).

Rushana: You welcome.

23

INTERVIEW 7 (LANCE)

Researcher: ... I think the first one would be Q2.5. Can you explain that one to me?

Lance: (Turns page toward him}. Well, basically the wording does’nt do right. Basically
the theory states that the radius is perpendicular to the chord, (indistinct) ...
to the tangent.

Researcher: ... to the tangent ... 30 you just misinterpreted it?

Lance: Ja.

Researcher: Okay, Q1. You said was true, would you agree with that still?

Lance: No, the ... does’nt touch the circumference (swallows or does not mention
word)... {points to O). So it cannot be angles in the same setting there. The
theory states that angles in the same segment ... but then it had to touch the
circumference of the circle, sir.

Researcher: Okay, so you disagree with that, then ...So what would x be now? What
would the value of x be?

Lance: PAUSE...

Researcher: Because you’'re disagreeing that x is 40 degrees.

Lance: Ja, I guess x would ... I don’t really know ... Well, well then x would have to be
20 degrees, then ... (indistinct), ... angle at the circumference.

Researcher: Okay, so it’s definitely not that theorem, but its the angle at the centre thats
twice the size of that one. {(points to 8).

Lance: Yes.

Researcher: Alright, fine ... Q2, you said was true, right ... and is there a link between
the two? What do you think ... are the two questions the same?

Lance: PAUSE .. err ... let me see ... Yes, it is, because (referring to sketch 2) AOB is
the angle at the centre and ACB is the angle at the circumference.

Researcher: So you agree with that one (points to given reason).

Lance: Ja.

Researcher: Okay, fine and tell me, are you familiar with those sketches, you've seen it
before in class?

Lance: Quite on numerous times.

Researcher: Okay ... now Q3, how did you go about answering that one?

Lance: Well, I guess I used the same method which was incorrect, as I did with Q1
because (referving to S on sketch 3) it did not touch the circumference of
the circle, which was again my mistake, I guess. In fact, I think its true, sir,

Researcher: Okay, so if § had been on the circumfarence ..,

Lance: Then it would have been 30 degrees ... ja.

Researcher: Okay, and if I should ask you what the value of x would be there?

Lance: x would ...

Researcher: You must calculate ..

Lance: 60 degrees, ... 60.

Researcher: Okay, how do you get to 60 degrees?

Lance: Well, (spoke fast and indistinct), .. is twice the angle at the circumference. Angle
at the circumference equals 30 degrees. So the angle at the centre . no, ..
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but it can’t be angle at the centre, could it, ... because the points of the
centre of the circle ... (unfinished sentence)

Researcher: Only O is the centre of the circle.

Lance: Ja, so I think that’s ... can’t be that ..

Researcher: I mean, you understand why it can’t be true?

Lance: It can’t be true, ja.

Researcher: Okay, preat ... what about question ... question 4, that went okay ... Q6

Lance: Q6 ...

Researcher: Did you have a strategy for getting to true there? How did you get to that
one?

Lance: Ja, ... Ithink its the two dots method, that we learnt at camp ... umm ... where we
would place two dots on the chord (pointing to the sketch) and then you
would move it up to the circumference and the angle that you’re left with at
the circumference you would say, that would be the angle subtended by the
same chord, ... I guess.

Researcher: Okay, ... Q6 and Q4, is it exactly the same?

Lance: Yes ... ] think you could use the same method there. .

Researcher: Okay, ... What about Q7, you did say it was false, and then you said x = 55
degrees, so what 1 want to explore is, how did you getto it?

Lance: Okay, ... look, that’s the angle at the circumference (referring to 110 degrees, so
we looking for the angle at centre, but we can’t use that angle (referring to
x). So we have to use an exterior angle and using that is probably angles
round a point, which is 360 degrees. So taking a look at that, that will be 55
degrees, the point around that angle (referring to O). So x won’t be 53
degrees, it’s actually 360 minus 55,

Researcher: Okay, so you’re saying this one here the x ... the reflex angle is 55 {referring
to the angle at point O).

Lance: Ja, ja ... 55.

Researcher: And how did you get to 35 degrees?

Lance: Angle at centre is twice the size of the angle at circumference.

Researcher: Okay, so the angle at centre is twice the size of the angle at the
circumference, which is this 110 degrees (referring to the given angle 110
degrees),

Lance: But, but ... then O should be 220 degrees.

Researches: It should be 220, Okay, so you divided by two?

Lance: Ja ...

Researcher: Okay, that's fine ... Q8, you said true? Do you still agree with that?

Lance: No, its part of the main mistake again, that the point is not on the circumference.

Researcher: So O must be on the circumference. Are you familiar with those sketches?

Lance: Ja ja ...

Researcher: Okay, Q9, you just said false, can you go a little bit further?

Lance: (laughs) ... Ja ... umm ... Well the reason they have here, is angle between tangent
and chord equal to angle in opposite segment (says this fast and indistinct,
almost speaking to himself), Well ... my reason for writing false in the
exam was, because I felt that B was the opposite angle instead of P.

Researcher: So B would be the angle in the opposite segment?
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Lance: Ja ..

Researcher: Okay, :

Lance: Ja ... B, as for the value of x ... I dor’t know. My reason was false, but I'm not
too sure what the value of x was.

Researcher: Okay, that's fine, what you could do to find the value of x though is ... do
you remember the theorem I asked you ... that one ... the radius, where you
said ...

Lance: Ja

Researcher: Where you said radius is perpendicular ... so that would be 25 degrees
{referring to Q9) and you get that one {referring to the angle at T).

Lance: Ja, that would equal 90 degrees ... {response indistinct) ... plus something equals
90.

Researcher: Ja, and then you'll be able to get x.

Lance: Yes ... X ... opposite angles of a cyclic quad.

Researcher: Okay ... alright, so that’s Q9 ... (turns the page). Okay, Q10, how did you go
about that one. Cause I see you gave a nice long ...

Lance: Ja.

Researcher: Which I'm not saying is wrong. Ijust wantto ...

Lance: Okay, I came to the conclusion first, that it was false, not realising that, using the
theorem, it was actually true. And so 1 used another method and I got to the
same answer as x = 30 degrees. So I basically used another method which
was obviously much longer, than the method ... (indistinct) used in the
paper {test) to get to .,

Researcher: Ckay.

Lance: To get the same answer. The reason, the angle at the centre is twice the

' circumference. It was kind of hard to identify the angle at the centre, the
angle at circumference ... that's why I probably thought it was false in the
beginning,

Researcher: Okay ...8o0 you went that route to get to the answer?

Lance:Ja ...

Researcher: If you now relook at the given answer, x is 30 degrees and the reason ...
angle at centre is equal to 2 angle at circumference. Would you agree with
that? or is it still confusing?

Lance: Well, in the exam I saw that it (rest of response indistinct)... but we’re going now
to look at it immediately and see that its an angle at the centre theorem. . -

Researcher: Okay, ... and then you went for the other ... that's fine. What about Q11.
Why do you think that question was false?

Lance: Q117 (talks to himself at first) ... Well, simply because I did’nt see angle S as in
one of the other problems as being the angle in the opposite segment.

Researcher: Okay, what I'm interested in is your reason for saying false.

Lance: False?

Researcher: Ja ... can you explore that one for me?

Lance: As 1 said T is actually 82 degrees. I saw T as being the angle in the opposite
segment, and so if T is the angle in the opposite segment and here we're
saying that x is the angle (referring to reason no.11) ... I decided to go for
false, because you obviously can’t ...
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Researcher: Alright, so you agree that angle T is the angle in the other segment.

Lance: Ja ...

Researcher: And would that be the same as in Q2.77

Lance: Yes.

Researcher: Is it the same strategy?

Lance: Ja ... exactly the same.

Researcher: Exacily the same?

Lance: Ja,

Researcher: Okay, alright ... in 12. How did you go about getting to true there?

Lance: Okay ... x equals 57 degrees. Well you can see 1 obviously ... that this was false,
that is printed in the paper here. (referring to Q13, although researcher
asked about Q12),

Researcher: No, I'm talking about this one, here. (pointing to Q12).

Lance: Oh, you're talking about no.12. umm ... angle between tangent DC and chord BC
is equal to angle in opposite segment ... True ... well, here you have your
eyclic quad (referring to sketch) and your opposite angles ... the theorem
states that the opposite angles of a cyclic quad is equal to the opposite
interior angle, it will be angle A. Do they ask you what is x ... but then this
whole angle should actually be equal to x (referring to sketch vaguely)
because its obviously a cyclic quad.

Researcher: So you said that BCD is an exterior angle of a cyclic quad?

Lance: Ja...

Researcher: You sure?

Lance: Or, but should’nt a tangent then run ... say on the line (referring to EC) ... that’s
where the exterior angle should be.

Researcher: Yes, okay ... 50 ... do you agree with that statement (referring to reason in
Qi2).

Lance: Ja ... that would be a more appropriate statement.

Researcher: Okay, so do you have a strategy? Did you apply some strategy to ...

Lance: Ja, basically the same ... you get your two dots on your chord, and then you move
to the circumference, to get the angle ... and then that is your angwer.

Researcher: Okay, now, can we go back to no.117 using that strategy, would you still
agree with T being that angle?

Lance: Okay, if I use the same strategy, I'll put my fingers and move up fo the
circumference and I would get T (demonstrates on sketch with ﬁngers)

Researcher: But, but what’s the chord ... which is the chord that we referring to there?

Lance: PAUSE ... QP. I'm using the chord QP to get o T.

Researcher: Okay, but remember that you would get ...

Lance: So you actually saying we should use QT (indicates on sketch) ...

Researcher: And then you moving o ... P

Lance: P ..., So P is actually the opposite.

Researcher: Okay, so a lot depends on which chord you use. Okay, no that’s fine. 1 just
want to make things ... .

Lance: (completes the sentence) .clear, ja ...

Researcher: You aware ... so that when you do it in an exam you can pick it up.

Lange: Ja.
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Researcher: Okay, Q14, you also said its false ...

* Lance: Ja, because, as my reason was here, although incorrect. I felt that the opposite

angle of a cyclic quad is equal ... to the exterior angle of a cyclic quad is
equal to the opposite interior angle.

Researcher: Yep ...

Lance: Then it will be the whole of angle T (referring to T on sketch 14) not T1 or T2 for
that matter (breaking T into two adjacent angles).

Researcher: Okay, great.

Lance: So you could’nt go about solving for x using that method ... so the method I
rather used Itook, ... what ... I assumed that TV was a diameter. It mean’t
that W was a 90 degree angle,

Researcher: Okay, so ...

Lance: Not interior angle of a cyclic quad, sorry, sum of the interior angle of a triangle.
They give you that WT and WV are equal, so that means [ just used the
base angle, isosceles triangle for TVW,

Researcher: Okay ...

Lance: So we ... (very indistinct) ... 45 degrees.

Researcher: Okay, ja I'm happy with what you saying there, there’s just the one thing ...
you assumed that TV was the ... diameter, and do you think that assumption
is correct? That’s all ... we wont solve the problem.

Lance: Ja ... so okay ... probably one of the first lessons we learnt in geometry is never to
assume, 50 that was a bit rash on my part.

Researcher: Alright, ... so that threw out the calculation, otherwise it would have been
absolutely ...

Lance: comrect, ja.

Researcher: Perfect.

Lanee: it would just be on the basis if TV was actually a diameter.

Researcher: That's right ... okay ... okay, we’re busy with Q16, lets see how you went
about solving that one?

Lance: [ mentioned that its true ... probably false, though its quite difficult to recognise
the opposite angle ... its probably S or R ... obviously when I wrote the
examinations I went for R ..., x is the opposite angle which is equal to 57
degrees, umm ...

Researcher: So with hindsight now you realise that, that is not the exterior angle
(referring to 57 degrees on sketch).

Lance: Oh the angle ..

Researcher: But its actually the angle between the ..

Lance: Ja ..

Researcher. Tangent and a chord.

Lance: And a chord ... ja ... using the same method as 1 did, it will be actua!ly 5 there

’ because the chord moves up to the cnrcumference

Researcher: Thats right ...

Lance: So if § is equal to 57 degrees, therefore ... ja, then x cannot be equal to 57 degrees

.. using the mentioned reason.

Researcher; Ja

Lance: So I’ve obviously seen my mistake, there ...
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Researcher: Okay, alright, great, Thank you very much.

INTERVIEW 8

Researcher: Lets start with Q1.

Rephwaai: (Student turns page toward him)

Researcher: Can you just ... or why do vou think that one is true?

Rephwaai: Because the segments here (referring to sketch) ... they are in the same chord.

Researcher: So you would still agree with that answer ... true?

Rephwaai: Thats the way I saw the ... (indistinct).

Resgarcher: Okay, ... Q2. How did you get to that one being true?

Rephwaai: (Student turns page back to him) ... I think the same thing, only it’s ... like at

) a different angle, here (referring to Q1 and Q2).

Resdarcher: Okay, but now ... okay, here we said x is equal to 40 degrees. So it’s exactly
the same there (pointing to sketch 1) ... here we said x is equal to 120
degrees. You with me? ... So what I'm interested in is in the one test you
said true ... in the other test you also said true, but if you compare the two
sketches, are they exactly the same?

Rephwaai: No.

Researcher: Okay, what’s different?

Rephwaai: (referring to O on Q1) ... here you have the angle in the centre but here
(refers to Q2) you actually have to double the angle here.

Researcher: (pointing to O on (32). So you spotted that that is the angle at the centre ...
{pointing to O on sketch 1) and this one is also the angle at the centre ...
You said at the theory part, the angle at the centre equals the ..

Rephwaai: ... equals the angle twice the circumference, subtended by the same chord.

Researcher: Okay ... lastly ... do you still agree with what you did there {pointing to Q1)

Rephwaai: Yes ...

Researcher: So you don’t see anything wrong with that one?

Rephwaai: No,

Researcher: Alright, lets look at Q3 ... umm .., you also said true. Do you still agree with

] that? :

Rephwaai: PAUSE ... (whispers) ... I don’t think so..,

Researcher: What's making you ...

Rephwaai: ... because there’s not actually here, the chord there is not touching the ...

(points to RS}

Researcher: Circumference ... Okay, so that would mean its not going to be necessarily

30 degrees.

Rephwaai: Yep.

Researcher: Okay ... alright, what about Q4.

Rephwaai: (student moves fingers over sketch while thinking) ... Its true.

Researcher: Its true ... and what strategy did you use there?

Rephwaai: It is the angles ... they are both on the circumference.

Researcher: And they come from the same chord.

Rephwaai: Umm ... (agrees)
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Researcher: I can see you’ve got the sirategy, because if you look at Q6, is it exactly ...
is it the same question?

Rephwaai: It is similar ... to a degree.

Researcher: Alright, Q7, again you said true,

Rephwaai: PAUSE ... Ja ... yes [ do, because the opposite angles of a cyclic quad are
supplementary (points to Q7 ... not to anything in pasticular).

Researcher: So you agree that, that is a cyclic quad (refers to OPSR).

Rephwaai: Yes.

Researcher: Now, if you just check very quickly ... you gave me the statement, earlier ..
about what a cyclic quad is ... and you said this (points to Q2. 1), represents
a cyclic quad.

Rephwaai: That's where I made an error (rest of response indistinct) ...

Researcher: Okay ... so that then would be false (referring to reason of Q7)...and if1
should ask you how would you then go about solving it, if its false?

Rephwaai: If its false ... then like you say, these angles around the chord here {pointing
and indicating on diagram) ...

Researcher: And that would be?

Rephwaai: (mumbles to himself while working out answer) ... this point here 250
degrees (referring to reflex angle at O, moves finger in an arc) ...

Researcher: Okay ... why 250 degrees? How did you get to 230 degrees?

Rephwaai: Its 360 degrees here (moving finger over circle, indicating a revolution) ..
minus that {refers to given angle 110 degrees on sketch) ... equals 250
degrees, therefore I think x shall also be 110 degrees.

Researcher: Okay, so you're saying that this one here (referring to reflex angle at O) is
250 degrees and that is 250 degrees because that one is 110 degrees
(pointing to given angle 110 degrees), so what’s the relationship between
that one (refers to 110 degrees) and that angle (refers to angle POR).

Rephwaai: Must .. (indistinct) ... it ...

Researcher: Okay ... you see if you look at it there ... that’s 110 degrees and you saying
that this (hand obscuring the view) .., Plus, this, must add upto .. 360
degrees.

Rephwaai: (repeats ) ...360 degrees,

Researcher: Okay ... but you not sure of the reason for that

Rephwaai: (can’t make out student’s response ... no answer to be heard)

Researcher: Okay ... fets go onto Q8, just to see how ... How would you go about
solving that one? Do you agree with true again?

Rephwaai: PAUSE ... {noise in background) ... Ja

Researcher: So its still true, and the reason there? .. we said angle between .
{researcher does’nt wait for answer).

Rephwaai: ... tangent being RQ and chord PQ is angle in the opposite segment,

Researcher: Okay ... and coming back to ... you see, 1 like referring back ... because you
had it correct here (refers to Q 2.8). Is this one (refers Q2.8), that’s the
theorem exactly the same as that (refers Q8).

Rephwaai: (student nods yes) ...

Researcher: You're sure? ... you don’t see any difference between the two .. they’re
exactly the same.

30



Rephwaai: No.

Researcher: Okay, lets go onto Q9, you said true as well, Can you just explain, maybe,
how you went about it?

Rephwaai: (student moves fingers over sketch without saying anything at first) ... Tused
the reason here (refers Q9) and 1 deduced that x is 25 degrees, because its
the angle in the opposite segment. .

VERY LOUD SOUND OF SIREN DISRUPTS EXPFLANATION

Researcher: Okay, so you still applying the same theorem ...

Rephwaai: Yes.

Researcher: Right ... lets go onto Q11, Why do you think that one is true?

Rephwaai: PAUSE ... because T used the same theorem that T used for no.9.

Researcher: Alright ... and again if you look at that application? and that one (refers to
Q11 and Q8) ... is it the same.

Rephwaai: No.

Researcher: What’s different.

Rephwaai: This one here (refers Q8) ... actually it’s the angle inside is actually inside the
circle, and that one’s on the outside (refers Q11) .

Researcher: On the outside ... so you can’t use that one ... alright so then that would
have been (refers to reason in Q11) ... false.

Rephwaai: (repeats) ... false

Researcher: Okay,and those are the little things you need to be aware of in the
examinations as well,

Rephwaai: ... be able to pick it up.

Researcher: Ja ... alright, what about Q12. How did you go about answering that one?

Rephwaai: PAUSES LONG ... ] used this theorem (refers to Q11) and that’s how I got
the answer 70 degrees ... that is actually ...

Researcher: Okay, so you're using the same strategy ... alright, and tell me are you
familiar with most of these problems?

Rephwaai: Ja.

Researcher: Have you seen it before?

Rephwaai: Ja, I have seen it before ... with a different ... (indistinct).

Researcher: Alright, Q13, umm ... again just your reasoning behind saying that its true,
because if you're saying its true, the obviously you agreeing with the
statement, there ..,

Rephwasi: PAUSE ... (sounds of children enjoying interval)

Researcher: ... but I'm interested in what you said here as well?

Rephwaai: {indistinct response ends in) ... cyclic quad.

Researcher: Okay ...

Rephwaai: LONG PAUSE ... (while student moves fingers over sketch, thinking about
his answer),

Researcher: So, so what I'm looking at is ... do you still agree with your statement there?

Rephwaai: no.

Researcher: Okay, why not?

Rephwaai: This is’nt really a cyclic quad. (points to the sketch).

Researcher: Okay, okay so you ... that’s not correct, right? (referring to answer given to
Q13) ... and that one? (referring to reason next to sketch 13),
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Rephwaai: They are drawn from a common point and they are equal.

Researcher: And are they tangents?

Rephwaai: Tangents? ... Lassume so ...

Researcher: Now remember you gave me the definition of 2 tangent ... Do you
remember what’s a tangent? ... (researcher pulls page toward himself to
check something) ... let me just check ... the definition of a tangent
{referring to 1.6).

Rephwaai: ... it touches the circumference.

Researcher: ... it touches the ..

Rephwaai: circumference.

Researcher: Alright ... so will PQ be a tangent?

Rephwaai: PQ.

Researcher: It touches ...

Rephwaai: It does touch (pointing to sketch 13) at P, but not here {points at Q).

Researcher: Alright, .. but that’s okay ... as long as it touches the . circle.(points to P).

Rephwaai: (student agrees, mumbles affirmative)

Researcher: ... Now what about RQ? Does it only cut at the one point?

Rephwaai: Yes.

Researcher: Okay, but now you must remember the line continues (refers to Q8) ... So it
cuts there as well (points to point S).

Rephwasi: Yes.

Researcher: So would you still say RQ is a tangent?

Hephwaai: Yes.

Researcher: Okay ... alright, lets go onto the last one. Q16, you said its true, How would
you go about that one?

Rephwaai: Yes, sir ... because of the exterior angle of a oyclic quad is equal to the
interior opposite angle.

Researcher: Okay, so you would agree with exactly what's written, there. {refers to
reason next to sketch),

Rephwaai: Ja.

Researcher: So, that is the exterior angle (refers to given angle 57 degrees).

Rephwaai: Ja.

Researcher: Now, coming back to your .. this one {refers Q2.3) ... you gave the
statement which said, the exterior angle is equal to the interior opposite
angle ... so is there any difference (referring to Q2.3) or is this exactly the .
same as what you’ve said there (referring to Q16).

Rephwaai: I don’t see a major difference.

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.

INTERVIEW 8 (BRONWYN)

Researcher: ... The first thing that interests me is Q1.3. Right, you said a cyclic quad is a
quad with opposite angles equal to 180 degrees {referring to Q1.3). Would
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that be your definition of a cyclic quad or is that the property of a cyclic
quad,

Broawyn: It's a property.

Researcher: (repeats) ... Its a property ... okay ... and the definition? What would you

© then say?

Bronwyn: Well, the theorem states that the opposite angles are equal (rest of response
indistinct).

Researcher: Okay, and if T should ask you just ... what is a cyclic quad?

Broawyn: A cyclicquad is ... umm ... can I?

Researcher: Yes.

Bronwyn: Its a circle with like a ... {points to Q2.1) ... (before student can complete the
sentence, researcher interjects) ..

Researcher: Like that? Yes, like you got it right, there (referring to Q2.1). Okay, so its
with the four points on the ... circumference. Okay, so you must be careful
about the definition and a property, because that was the one thing that
went astray, there. Okay, s0 now we can get onto the real questions. (turns
the page). Q1, you said that that is true ... umm ... what T would like to
know from you is just ... can you explain why you said its true?-

Bronwyn: The angle ... its umm ... the angle at the centre (refers to O) is twice the angle
at the ... no! ... (moves fingers over sketch while contemplating answer) ...
ooh junne, no, I don’t know ... umm ... but that is true, hey ... (points to

. reason next to sketch).

Researcher: So when we ... (word indistinct) ... that that is 40 degrees (refers to given
angle 40 degrees) ... if that's 40 then that one must be 40 degrees {refers to
%)... (student turns page toward her). So you agreeing with that?

Brenwyn: That supposed to be 80 degrees (referring to angle S) ... is’nt it?

Researcher: 80 degrees ... and your reason?

Bronwyn: (response 0o soft ... almost mumbling to herself, but researcher hears it)

Researcher: Okay, and what would your reason be? .

Broawyn: That the angle at the centre is twice ... Nol it’s supposed to be 20 degrees ...
(moving finger onto point S). This angle at the circle ... (pointing to 40
degrees).

Researcher: At the centre ...

Bronwyn: At the centre is twice the angle at the circumference.

Researcher: Okay, so you’ve picked up that you've used the wrong theorem there. Okay,
80 we’re busy with the angle at the centre. What about no.27 Okay ... again
you said false, ... umm ... and you said x should be ... 60 degrees.

Broawyn: PAUSE ... Its supposed to be 120 degrees.

Researcher: So then that one would be ... true ... (referring to x = 120} ... Okay and, tell
me are you familiar with these two sketches? (pointing to Q1 and Q2).

Bronwyn: I get a bit confused.

Researcher: You get confused because they look almost as if they are on the same line?
{referring to the position of the angles at centre and circumference).

Bronwyn: Yes..

Researcher: Alright ... umm .. because what I find interesting is that a lot of students, *
they’ve got the bookwork intact ... so you’'ve said the angle at the centre is
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twice ... and then a lot of students are having problems identifying it in the
sketch. Okay ... What about no.3 ... Q3. How did you go about answering
that one ... you said its true. Would you still agree that it’s true?

Bronwyn: No ... {(very softly)

Researcher: Why not?

Bronwyn: Umm ... PAUSE .. (points vaguely to the sketch) ... Not

Researcher: You, you agree that it’s true?

Brenwyn: No ... it’s not true,

Researcher: It's not true ... okay ... Now just why do you think so?

Bronwyn: Maybe its because that angle, is a bit smaller than that angle (referring to
angles STR and TQP respectively) ... I'm not sure,

Researcher: You're not sure ... okay, and the reason that I’ve used there:
subtended by the same arc QR. Do you think that’s correct?

Bronwyn: LONG PAUSE ... (no visible answer).

Researcher: So Qdf; subtends equal angles, that’s the theorem that P'm .. (indistinct
word).

Bronwyn: No, I don’t.

Researcher: You don’t agree?

Bronwya: No, I don’t agree.

Researcher: Okay, why don’t you agree with that. okay, why not? Why don’t you agree
with it?

Broawyn: Here’s not a line drawn to QR ... {refers to the chord and not arc QR).

Researcher: Okay ... you're looking at the chord QR?

Bronwyn: Yes.

Researcher: Alright ... so if the chord is there? Now if say alright, fine, if I draw the
chord, there, then would it be true?

Broanwys: No ... {laughs).

Researcher: Okay, so why do you say no?

Brenwyn: Isn't it equal to 50 degrees? (referring to value of ).

Researcher: And your reason?

Bronwyn: (movindg) fingers about on sketch) ... but they don’t say it’s ... (swallows last
wor

Researcher: So it’s confusing?

Broawyn: Umm ... (agreeing).

Researcher: Okay, now lets look at Q4. You said its true. x = 50 degrees and the reason.
there ... angle subtended by the same chord . AR okay ... if that’s true
what strategy, what strategy did you use there, or how did you go about ’
showing me that one is true?

Bronwyn: LONG PAUSE ...

Researcher: Difficult?

Bronwyn: Umm (agreeing and laughs)

Researcher: And ... alright .. lets look at Q2.2. (refers to the question), because that's
the one you had correct. {uses another page with the same question), That’s
the theorem we are talking about. So ... if that’s the ... Ja, angle subtended
by the same chord or arc are .. equal. Now you gave the statement to that
... 80 do you think we're applying that theorem correctly in number 37

T said angles

34



Bronwyn: Yes.

Researcher: Okay, ... and in no. 47

Brenwyn: LONG PAUSE ...

Researcher: is that the one that you're using there?

Bronwyn: Yes ... (softly, as if not sure).

Researcher: Okay ... now maybe just go look at Q6 quickly. Cause 3, 4 and 6 seem to go
together. There you said it’s false. (refers to Q6).

Bronwyn: I think I got confused here, so I dotted one in here (referring to pencil dotted
line (chord CD) added in by herself on the sketch).

Researcher: Okay, and in Q6, why did you say x = 90 degrees?

Broowyn: I made a mistake, because I normally ... umm ... a angle of a semi-circle is 90
degrees, but I, but there’s no point to say ... that its (last words swallowed,
indistinct), ] y

Researcher: Okay, so that was a mistake there. So you thought AB was the diameter.

Broawyn: Ja. (softly)

Researcher: And the diameter subtends ... 90 degrees ... Okay that’s fine ... What about
Q77 You said its true ... would you still agree with that?

Bronwyn: No ... (barely audible).

Researcher: Why not?

Bronwyn: Its not touching all points of a circle (indicating on the sketch) and because in
a cyclic quad its equal to 180 degrees (referring to the angles of a cyclic

. quad). :

Researcher: Okay, and that ... (pointing to OPSR).

Brenwyn: ... that is not a cyclic quad.

Researcher: So you disagree with what you wrote there .. (pointing to her true response
in Q7).

Bronwyn: ... (must have nodded affirmative)

Researcher: Okay, good, what about (8. How would you go about solving that one?

Bronwyn: I think I took 90 degrees minus 65 degrees and I got 25 degrees, and then I
took it that that is base angles and its going to be equal ... and Itook ...
umm ... 180 - 25 to get about 155 divide by 2.

Researcher: 155 degrees divide by two, okay, umm ... that’s fine ... but what I wanted
you to do ... Jook at the reason I've given there ... the angle between the
tangent R(Q and the chord PQ is equal to the angle in the other, or opposite
segment. Can I use that theorem ... or can I use that statement? What do
you think?

Broawyn: ... (student must have nodded no, no audible or visible answer).

Researcher: No ... and the reason? And again you can check this is the one that you got
there, hey! (referring to Q2.7).

Bronwyn; Ooh, yes,

Researcher: So, we sort of applying that particular theorem. So is that correct? So if 1
apply that one, there? ... is it exactly the same?

Brenwyn: No, it won’t be equal to ...

Researcher: So you agree that what you said was true?

Bronwyn: Yes ... (very sofily)
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Researcher: Okay ... what about Q5. How did you go about solving that one? You said

false, but I think it just went astray there, so I just want to explore that one
a little bit.

Bronwyn: That’s why I (indistinct) ... that one.

Researcher: You not sure, okay. Alright ... and umm .. maybe just looking at the reason.
You don’t agree with the reason that I’ve said there? Why do you disagree
with the reason?

Bromwyn: Because it’s not like that one (refers to Q8),

Researcher: Like that ... (responding to student who is pointing to somewhere). Okay, so
its this one that we can’t apply there ...( refers to Q2.7). Okay, so that’s fine
... we're half way (turns the page). Q11. Also, T've said there that x is equal
10 82 degrees and the reason is the angle between the tangent QR and chord
QT is equal to the angle in the opposite segment ... Alright? Now you said
its false, what I want to know is just why do you say its false?

Bronwyn: Because if x was at P, then it would have been opposite this one (refers to
given angle 32 degrees).

Researcher: Then it would have been true. Okay, so ... 8 should be on the ...
circumference. Fine ... what about Q13. You also said false and then you
used interior angles of a triangle, which is fine, but I'm not sure which
triangle you’'re talking about. But, what I'm interested in .. is the statement

that I've given ...true. Do you disagree with #? and why, because that’s
why you said false.

Bronwyn: Okay ... tangents drawn from a common point are equal.

Researcher: Okay.

Bronwyn: (mumbles something inaudible)

Researcher: Alright, now you got this one cormrect ... (referring to Q2.9). AC and BC are
tangents, and you said tangents from a common point are equal ... so you
%olt}t)hat correct ... alright. Now is that what we’re using there. (referring to

Bronwyn: But PR is not a tangent.

Researcher: PQ ... is PQ a tangent?

Bronwyn: Yes.

Researcher: Okay ... and is QR a tangent?

Broowyn: Yes ... nol nol no!

Researcher: Why? « . o

Bronwyn: Its going through the circle ... it’s suppose to touch one point (pointing 1o
cutting points on the circumference),

Researcher: Okay ... my statement ... true or false?

Bronwyn: (softly) ... It’s false.

Researcher: It's false ... okay, because RQ is not atangent. Okay ... good, we’re almost
there. Q14 ... You said false as well, and then you said x is 39 degrees. Can
you explain?

LOTS OF NOISE IN THE BACKGROUND ... LOUD CHILDREN’S
VOICES.
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Bronwyn: No. (indistinct) ... x is supposed to be equal to ... (indistinct)... NOISE OF
CHILDREN TOO LOUD ... the exterior angle is opposite here (referring to
T on sketch 14} ... is equal to the opposite interior ...

Researcher: And the opposite interior angle is x?

Bronwyn: {indistinct answer) ...

Researcher: So would you still agree that x is 3¢ degrees? You got x is 39 degrees. TV
cuts equally, 78 divided by 2 equals 39 (researcher reading student’s
response in test).

Bronwyn: No, I don’t.

Researcher: Okay, so what don’t you agree with, from what you did there,

Broanwyn: That its equal to 39 degrees.

Researcher: okay.

Bronwyn: x is equal to 78 degrees.

Researcher: x7 ... but then you would go with what I said there. (referring to reason in
Q14) ... because I said x = 78 ... the exterior angle of a cyclic quad is equal
to the interior opposite angle ... So you agree with my statement?

Bronwyn: No, I don’t agree with it.

Researcher: Okay, so its false .., but I'm still interested in 39 degrees or lets putit ..
which angle is 78 degrees because you said 78 divide by 27

Bronwyn: {points to 78 degrees on sketch).

Researcher: Okay, that one is 78 degtees, but that’s not the one you're dividing by two,
T'm sure?

Bronwyn: No ... umm ... the WVTW, was given that it has equal angles.

Researcher: Okay ...

Bronwyn: And that’s ... (indistinct) and then I became confused.

Researcher: You're confused there ... okay lets go to 15. T said x is equal to 60 degrees
and the reason: exterior angle of a cyclic quad is equal to interior opposite
angle.

Bronwyn: I'd say its true.

Researcher: True? ... you agree with that. Now ... if that one is true just check back with
no.14. If T apply the same technique, then which angle is the interior
opposite angle?

Bronwyn: It will be the whole of angle T. (indicates T on the sketch 14).

Researcher: The whole of angle T ... so that’s the one that’s 78 degrees?

Bronwyn: Umm (agrees),

Researcher: So what I think you probably meant here, is that, that 78 degrees ...

Bronwyn: And thats cut off (referring to line TV) ...

Researcher: Then the line there (refers to TV) and that’s how you divided by two, but
you did’nt say that line bisects the angle, so you can’t divide by two. but
that’s fine, as long as you spot the interior opposite angle. Okay now the
last one. Q16. You said true ... just show me how did you get to true,
because true means that you agreed with my statement, hey ... Exterior
angle of the cyclic quad is equal to the interior opposite angle.

Bronwyn: SRTU is a cyclic quad, and the NWisa ...

Researcher: ... tangent,

Bronwyn: Tangent ... and that .. its true because they say it (points to reason).
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Researcher: So TUV is a cyclic quad ... ag ... is an exterior angle. Is that what you’re
saying?

Bronwyn: Yes.

Researcher: Okay ... now, I like taking you back to what you had correct {refers to
example on page 2) ... You said there (indicates to Q2.3) ... the exterior
angle of a cyclic quad is equal to the interior opposite angle (points to Q2.3
again) ...So is that the one we’re applying there? Is it exactly the same?

Bronwyn: No ... no, ... yes ... yes.

Researcher: Its the same ... okay, now, if that’s the exterior angle of 2 cyelic quad.(refers
t0 TUV) then its equal to the interior opposite, then that statement would be
correct, but the problem is that this is in actual fact the angle between the
tangent, which you see, and the chord (Points to NW and UT) so the angle
between tangent and chord is equal to the angle in the other segment, which
should be ... this one here. (refers to angle UST). So we using that ...
(indistinct word) ... then you could say ... these are base, these are equal
sides, 50 base angles are equal and then you get the opposite angles of a
cyclic guad.

Bronwyn: Ohh!

Researcher: Alright, so itsa bit ofa problem-solving one ... alright, but you need to
remember that this is not the exterior angle, bacause the exterior angle has
one side produced. Okay, so that’s the slight difference between the ... two.
Okay, Bronwyn ... thank you very very much,

INTERVIEW 9 (SHAKIER)

Researcher: ... so the first one T want you to ook at for me is Q7. Why do you think that

question is true... Will you still agree with what you said there (referting to
his response).

Shakier: No.

Researcher: Why not? :

Shakier: The \;(em;&;s of the quad must be on the circle (indicating toward O on the
sketc

Researcher: On the circle ... So that is not a ... cyclic quad. Okay ... so you can
understand why that one went wrong there ... Okay, good, and tell me, are
you familiar with that sketch? - ’

Shakier: (Student must have nodded in the affirmative, no sound heard).

Researcher: Okay, ... what about Q8, you also said true. Can you just check the reason
there? and then I need to know if you still agree with that,

Shakier: LONG PAUSE ... Because this point needs to be on the circle (referring to

_ point O on the sketch).

Researcher: That must be on the ... circle. Okay ... so the application of the theorem ___is
it correct or not?

Shakier: Incorrect. ’

Researcher: Incorrect ... okay ... its again those little things that you need to watch ...
beca_use I'think you got full marks for most of them (referring to the
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bookwork) ... and tell me ... are you familiar with that sketch as well?
You've seen it before in class?

Shakier: Yes (speaks very softly).

Researcher: Okay ... Q9 ...You did very well there. (furns the page) ... Alright, now you
must tell me Q10. Why, why blank?

Shakier: Br ... I can’t remember so far back, but I'll try.

Researcher: Ja ... just see what you think may have caused a problem there.

Shakder: Err .., yes, 1think I know.

Researcher: Okay.

Shakier: Umm ... {referring to point O on the sketch) this is the radii {point to OA and
0OC), that is 120 degrees (points to angle AQC) ... and that means that, that
will be 60 degrees divided by 2, so each angle (referring to base angles)
will be 30 degrees because it (refers o triangle AOC) is an isosceles
triangle.

~ Researcher: Okay, so x is equal to 30 degrees and tell me what do you think of the

reason I've got there, would you agree or not? The angle at the centre is
twice the size of the angle at the circumference. :

Shakier: No, I wont (answers very sofily).

Researcher: You don’t agree with that one ... okay ... but you have found that x is equal
to 30 degrees in a different way. Okay, so that’s fine ... umm Q11 ... alright
again you did’nt answer that one.

Shakier: LONG PAUSE ... x is not equal to 82 degrees.

Researcher: x is not equal to 82 degrees ... so that would then be false there (refers to
given reason) ... now why do you think ...

Shakier: (agrees softly),

Researcher: Now why do you think it’s not equal to 82 degrees.

Shakier: You see here ... here’s a triangle (gestures with fingers on sketch, refers to
SQT) ... and here’s an exterior angle {referrring to given angle 82 degrees)
of the triangle, so x plus this angle (referring to T) must be equal to 82
degrees (points to given angle).

Researcher: Okay, ... alright that’s good, and also, what do you think of the reason that 1
gave, the angle between tangent QR and chord QT is equal to the angle in
the opposite segment. Would you agree with that?

Shakder: LONG PAUSE ... err ... with x equals 82 degrees? ... No.

Researcher: Okay, why not?

Shakier: Because x is not on the circle.

Resenrcher: (repeats) ... because x is not on the circle. Okay, great. So otherwise if it
was there (pointing to angle TPQ), because I see you’ve indicated there,
that that’s the angle that is 82 degrees. So it means you’ve applied the
theorem correctly. Okay ... lets look at Q13, ... also because you’ve left it
blank there. What do you think ... what’s the problem there?

Shakier: LONG PAUSE ... I’'m not sure.

Researcher: Okay, and tell me, if you look 3t the reason, T said x is equal to 57 degrees.
Alright ... and the reason I'm giving is that PQ is equal to QR ... and
tangents from a common point are equal. So I want you to look at that and
tell me if you think that’s correct?
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Shakier: (Softly says) No ... PQ = QR.

Researcher: PQ equals ...

Shakier: You said that PQ equals QR (refers to given reason).

Researcher: Okay, and you agree with that?

Shalkder: No.

Researcher: Why not, :

Shakier: Umm ... because PQ, umm ... is not one of these two sides that are equal to each
other (refers to lines denoted as equal in sketch).

Researcher: Okay, lets take it ... lets go a littie bit further .. is PQ a tangent?

Shakier: Yes.

Researcher: Why is PQ a tangent? or the line PQ a tangent?

Shakier: Because it touches the circle at one place.

Researcher: And that place is?

Shakier: At P (points to P on sketch).

Researcher: Umm ... what about RQ. Isthat a tangent?

Shakier: Umm ... No.

Researcher: Why is’nt that a tangent?

Shakier: Because it bisects, cuts the circle. It does’nt touch the circle. It like runs through
... {indicating with finger on sketch)

Hesearcher: So it cutsthe R and it cuts at ...

Shakier: At this point (referring to 8) it touches it ...

Researcher: This is the line we’re talking about, hey, QR. So the line touches the circle
there (refers to R) and it touches at § (points to S on sketch). So, because it
cuts at two places, ... can it still be a tangent?

Shakier: No.

Researcher: No, you said that QP just cuts at ... one point. Alright, and now, look at my
reason, PQ i‘s equal to QR because I've stated, tangents drawn from a
common point ...

Shakier: Are false ...

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 point, are equal (referring
to Q1.9). So 'm using that (refers to Q1.9) as a reason, the only difficulty
or problem is that, that line is not a tangent, and so that’s why it would be
false. Now lets go back to no.14.

, LOTS OF NOISY CHILDRENS VOICES IN BACKGROUND

Shakier: It's false

Researcher: And the reason why it’s false?

Shakier: Because, umm ... this exterior angle, equals to the whole of angle T.

Researcher: The whole of T. Okay and its not just x. Okay ... Q16. Can you explain that
answer to me?

Shakier: LONG PAUSE ... No ... it’s false.

Researcher: Its false ...

Shakier: Because this is the exterior angle of a cyclic quad. (referring to VUT)

Researcher: Umm ... name it?

Shakier: VTU
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Researcher: VTU, that's the exterior angle. Okay, that is not the ._and, and then how
would you go about solving it.

Shakiers For x. Umm ... this is a cyclic quad and umm ... (moves fingers, indicates
SRTU on sketch).

Researcher: Okay ... SOUNDS LIKE INTERVAL OUTSIDE ... You see I'm just
iooking at what vou said, you said x is equal to RSU and you got
corresponding angles. Do you agree with that?

Shakier: (Mumbles something indistinct) Err ... No.

Researcher: No.

Shakier: Exterior ... (indistinct response)

Researcher: They (indistinct) together. Okay, fine, great. thank you.

INTERVIEW 11 (SHERIZAAN)

Researcher: ... I think what I found very interesting was the first one here Q1.7, the
angle between a tangent and a chord is equal to 90 degrees. Would you
agree with that?

Sherizaan: I got realfly confused there (giggles). I read it first and I did’nt understand. 1
know if you have a tangent like, and its drawn, then you know it has o
form a 90 degree angle. Now I don’t know if I got confused with that.

Researcher: Ja, becauge I think maybe if you look at Q1.8, the radius of a circle and a
tangent are perpendicular to one another ... okay.

Sherizaan: So Ithink I got confused ... (ast part indistinet).

Researcher: So those two ... alright (turns page). Like here, you sort of sorted it out here,
because here you’ve picked it up ... tangent is perpendicular to the chord
(refers to Q1.8) ... umm ... and where’s the other one (refers to Q2.5)...
okay, that’s fine ... so there was just a little bit of confusion there? (turns
page). Q3, you said it was true, would you still agree with that?

Sherizaan: LONG PAUSE ... err ... lets see ... I don’t think so. {don’t know how I got it
in the first place. I know 1 did’nt say its because its like angles in the same
segment ... okay ... I know its not that ... I know it was’nt, No then it can’t
be that here, L don’t think I ... but I did’nt say that ... I did’nt think that it
would be, because that obviously did’nt touch the circumference. (swallow
last words).

Researcher: Okay, so you realise that § must be on the circumference?

Sherizaan: Yes, I did know that,

Researcher: Umm ... and tell me are you familiar with that sketch, you've seen it before?

Sherizaan: Umm ... (makes sound of agreement),

Researcher: Alright, lets go with Q7. Can you explain that one to me?

Sherizaan: (turns page to be able to see better)

Researcher: You also said true,

Sherizaan: {(mumbles something indistinct) ... ¥ think I have a problem with the cyclic
quad, right? Now, I always think it has o go like that {indicates something
on sketch, draws a true cyclic guad with her fingers) ... so when [ see
something like that (refers to the Q7) ... I always get confused, because I
always think, it can’t be like that, man. So I forgot that ... somebody
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brought to my attention the other day in class, that umm ... it has to touch
like four places ... So I was thinking it can be in the middle .. but it Just
does’nt seem right 10 me, like that ... that’s why I said it ...

Researcher: Okay, remember, because you defined the cyclic quad (Refers to QL3)
...the four points touching the circumference of o circle, and that’s correct
(turns page), so if anything, if there’s one point that does’nt touch, then
obviously its not a cyelic quad.

Sherizaan: Yes.

Researcher: I think, that (refers to point), led to your response over there. So if I should
push you a little bit and ask you, how you would then try and solve that
fharticular problem, what would you do, or how would you o about doing

at.

Sherizaan: (moves page to be able to see better) ... umm ... lets see ... if that is now 110
degrees (refers to angle §), and that is now an angle at the circumference
and this is now the angle at the centre (refers to O), okay ... and then the
angles around the point is 360 degrees, then I get to this ...

Researcher: Okay, lets take it slowly ... so you said angle at the centre ... which is
which is the angle at the centre? o

Sherizaan: Umm ...110 degrees is, ... I mean angle at the circumference is 110 degrees
and obviously this here, O, that is obviously going to be the angle at the
centre (refers to reflex POR) ...

Researcher: which is?

Sherizaan: 220 degrees

Researcher: 220 degrees, Good.

Sherizaan: So you say 360 minus 220 degrees,

Researcher: Minus 220 degrees, and okay ... then you would get your answer, okay?

Sherizaan: (laughs) ... ’ A

Researcher: Alright, so there you would use the angle at the centre. Fine, .. what about
Q8. How did you go about getting 1o true, there?

Sherizaan: Umm ... I know that PQ was a chord, right? So I thought that the angle
between the tangent and a chord is the one at the other . the angle in the
other segment. )

Researcher: Alright ... and you would agree with that, that that’s true?

Sherizaan: Umm ... (agrees)

Researcher: You still agree with that?

Sherizaan: Umm ... maybe not, because it did’nt touch the circumference, (laughs 2 jot)

Researcher: Okay, 50 again the one that you had correct (turns the pageto Q2.7), is that.
one hey! (refers to Q2.7). ’

Sherizaan: Umm (agrees).

Researcher: Are these two exactly the same (refers to Q2.7 and Q8).

Sherizaan: No, ... because that is touching the circumference, at angle A (refers to 27
and this one i§'nt (refers to Q8).

Researcher: Okay, so you disagree with what you wrote there? (vefers to response in
Q8).

Sherizaan: Umm (agrees).
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Researcher: So that one would be false, okay, because O is not on the circumference.
That’s fine ... Q9 ... Okay, explain your reasoning, there ... tell me, you are
familiar with those sketches {refers t0 Q7 and Q8).

Sherizazn: Umm (makes sound of agreeing).

Researcher: You've seen it before?

Sherizaan: Umm ..

Researcher: Okay ...

Sherizaan: LONG PAUSE ... (mumbles to herself while working out answer). I can't
remember how I got to that.

Researcher: You can’t remember ... okay. Now I've given you here, that x =25, and 1
said angle between tangent ST, and chord TQ is equal to the angle in the
opposite segment. Would you agree?

Sherizaan: Umm (agrees).

Researcher: And you said that’s true ... so would you still say its true?

Sherizaan: I know, so that is equal to that now (referring to angle at T and U on sketch
9)

Researcher: To which one?

Sherizaan: To Unow ... :

Researcher: Okay, so if you ... what, what strategy are you using?

Sherizaan: That the angle between the tangent and the chord (indistinct) ... angle in the
other segment.

Researcher: Okay ...

Sherizaan: 1 was trying to look now (she indicates O and B on sketch 9, but speaks fast ~
and indistinct, so response is lost) ... LONG PAUSE ... '

Researcher: It’s a tricky one ... but you do realise ... that’s not true {refers to reason in
Q9). Let me just show you what you could then do, is ... you know the
theorem which you spoke about ... the radius is perpendicular to the tangent
{points to Yine BT}, So if that’s 90 (refers to angle BTS) and this 25 (given
angle), then this would have to be 65 degrees (refers to angle BTQ), and
then this is your cyclic quad (refers to BPQT), then it would get you there.

Sherizaan: Now, that is what I don’t see. I always think that it must always look like
that. (laughs).

. Researcher: Ja .. no, no. Because there are a lot of other lines that’s distractors and you

need to pick it up. Okay, but the main thing is for you to pick up now what
the (indistinct word) states here ... LOUD SOUND OF SIREN DROWNS
OUT WORD) ... (turns page) ... Q11 ... Again, why would you say thats
true.

Sherizaan: PAUSE ... (pulls page toward her) ... I think that if its the angle between the
tangent and the chord, right, then this is the chord over there ... (line QT)
and it goes up like that, then it would be true.

Researcher; Right ... so that’s your strategy that you’re using?

Sherizaan: Umm (agrees).

Researcher: So you still agree that it’s true?

Sherizaan: I think so ... (laughs).

Researcher: Your original one, which is the one you used (referring to Q2.7) ... is this
exactly the same as that one? (refers to Q11)
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Sherizaan: (laughs) ... No ... obviously not.

Researcher: Okay, what's different?

Sherizaan: See that is now inside the circle (refers to A in 2.7) and that is now outside of
the circle (refers to Q11}.

Researcher: What's outside of the circle?

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 (pointing to P on Q11).

Researcher: Okay, so that would be ... false?

Sherizaan: False,

Researcher: Okay, that’s fine ... the next question ... Q12 ... You said true ...

Sherizaan: Umm (agrees).

Researcher: And the strategy you’re using?

Sherizaan: The same one like, umm ... the angle between the tangent and a chord is
equal to the angle in the other segment.

Researcher: Okay, so you understand the difference between the two of them (refers to
Q11 and Q12) ... Alright, Q13 ... what’s your reasoning for that one?

Sherizaan: LONG PAUSE ... LOTS OF NOISE, CHILDREN PLAYING IN THE
BACKGROUND ... Ithought now because PQ’s a tangent, 5o that means
they are like drawn from a common point, and their angles would be equal
to each other (indicates on the sketch, points to base angles).

Researcher: Okay, and what’s the common point?

Sherizaan: #twouldbe 5 ..

Researcher: S ... Okay, now ... you said QP is a tangent, right?

Sherizaan: Umm (agrees).

Researcher: Now, what about QR ... is that a tangent?

Sherizaan: (laughs and moves page toward her) ... I don’t know ...

Researcher: Okay, what’s your definition of a tangent?

Sherizaan: Well it cuts the ... not cuts the circle ... but it touches the circle at one point.

Researcher: At one point, okay! ... so QP?

Sherizaan: Is touching the circle at one point.

Researcher: So that’s a tangent ... and what about QR? ... the line QR?

Bherizaan: (speaks sofily, as if not sure}). It is touching the angle ... I mean the circle at
one point,

Researcher: Why at one place? ... remember its the line you're looking at, hey! ... . ..

Sherizaan: Umm (agrees) ... the line is going that way (move finger over line from Q to
83, but ..,

Researcher: So you’ll agree that QR is still a tangent?

Sherizaan: PAUSE ... Maybe its because I've never seen it drawn that way.

Researcher: Okay ...

Sherizaan: I've only seen it like that (pointing to sketch 12), and like that, or maybe on
the side ..,

Researcher: So that problem is unfamiliar to you?

Sherizaan: Umm (agrees).
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Researcher: Alright, now just to answer that ... umm ... PQ is a tangent, but QRisnota
tangent because it obviously cuts at R and at S, so my reason would then be
false?

Sherizaan: Umm (agrees).

Researcher: Because I said PQ equals QR because they are two tangents (referring to
Q13), and they're not .. alright?

Sherizaan: Umm {agrees).

Researcher: So that would then be false ... Lets look at Q16 ... you were well on your
way to solving that one.

Sherizaan: (laughs).

Researcher: You said false, okay, so you did’nt agree with the statement that I had
there?

Sherizaan: Umm (agrees).

Researcher: So how would you go about solving it?

Sherizaan: PAUSE ... (whispers to herself) ... STILL NOISE OF CHILDREN IN
BACKGROUND. '

Researcher: And, and you could also take me through your reasoning there (referring to
response in Q16).

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 8§
would be 57 degrees (refers to whole of angle 8), and then the opposite
angles of a cyclic quad is 180 degrees. So 1 got that ... umm ... I think the
other theorem that I said about the ... tangent is perpendicular to your
radius, 5o sir I made that 90 degrees {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, it’s a chord. 8U is a chord.

Researcher: So if that’s not the radius then how did you get 90 degrees, there (referring
to angle SUV).

Sherizaan: (laughs).

Researcher: So again ... that’s a tricky one.

Sherizaan: Umm (agrees)

Researcher: Okay, so now you could just check. If that 57 degrees is given as the angle
between the tangent and the chord, right

Sherizaan: Umm.

Researcher: So then that would then equal angle UST. Would you agree with that, using
your strategy ... that you used over there (refers to Q2.7).

Sherizaan: Umm (agrees).

Researcher: Angle between tan and chord is equal to the angle in the other segment.

Sherizaan: Umm ... umm (agrees).

Researcher: And then you could obviously get base angles that are equal because this
(refers to triangle SUTY) is an isosceles triangle and then opposite angles of
a cyclic quad. :

Sherizaan: Oh! So this is okay?
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Researcher: Its fine ... but you did realise that that angle (refers to angle TUV) is not ... it
i3 not the exterior angle?
Sherizaan: Umm (agrees).

Researcher: Okay, which is, I think, important,

INTERVIEW 12 (RASMEN)

Researcher: Alright, so lets look at Q1 and you need to talk a bit loud, so that he (the
video operator) can pick it up over there, Alright, so the first question. If
you look very carefully at that one, why do you think that question is true?
Do you agree that it is true?

Rasmen: (tums page toward him) ... Its true,

Researcher: Its true ... ckay.

Rasmen: 1It’s true because they are subtended by the same arc. So angles subtended by

the same arc are equal. (furns page this way, then that
Researcher: Okay. pag Y, way).

Rasmen: I don’t agree ... nol

Researcher: So you fion’t agree with what you’re saying now. Why not?

Rasmen: Because this angle is not subtended by the arc .. is not touch the arc {refers to
angle at O). This one is touching the arc {points to S on the sketch),

Researcher: Okay, you mean the circumference?

Rasmen: The circumference, yes. The angles are subtended by the same arc, but is not
touching the circamference.

Researcher: So your first response was using that Refers to Q2.2) ... Okay. So would
you agree that your answer’s correct?

Rasmen: I got a wrong answer,

Hesearcher: It should have been ...

Rasmen: False.

Researcher: Okay, and if it was false, then what will the value of x be?

Rasmen: The value of x .._ I think it will be 20 degrees.

Researcher: 20 degrees ... and your reason?

Rasmen: Angle at the centre is twice the angle at the circumference, :

Researcher: Angle at the centre is twice the angle at the ... circumference ... okay, and

are you familiar with this sketch. Have you seen that sketch before in the
classroom?

Rasmen: Yes ... I didn’t sce.

Researcher: You not sure?

Rasmen: Yes, I’'m not sure.

Researcher: Okay, now lets look at no. 2. Explain your reasoning for that one. You also
said its false, okay!

Rasmen: I did like the first one {point to Q1). 1 say angle at the centre ... angle subtended
by t'he same arc are equal ... are equal with the ... this angle over here
{points to x) ... circumference, So that was my mistake.

Researcher: Okay, 50 you did the same thing there? {refers to Q1).

Rasmen: Yes, I did the same thing. the angle is 120 degrees now. {refers to x).

Researcher: Okay, 50 n0.2 would be true?
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Rasmen: Yes?

Researcher: Okay ... Alright. That’s good. And tell me, these kinds of problems were
they familiar to you. Did you do it in class?

Rasmen: I didn’t quite ... I'm not sure.

Researcher: You’re not sure ... Okay, but it’s not totally new. .

Rasmen: Its not new ... its not difficult, but if I did apply my ...

Researcher: Your toolbox?

Rasmen: My toolbox, yes, then I cando it.

Researcher: So you will remember that?

Rasmen: Yes.

Researcher: Okay, now lets look at Q3. How did you go about answering that one.

Rasmen: (turns page toward him, to see better). Well, I think I made the same mistake
(referring first to Q3, then to Q2), but if I didn’t count it now, PTQ isa
triangle, so a triangle is equal to 180, s0if I can say the triangle is 180
degrees, this angle would be 100 degrees (Refers to angle QTP), and then
this one is opposite to this 100 degrees (refers to vertically opposite
angles), so this is based on a chord, so see its 40 degrees (referring to x).

Researcher: So x will be 40 degrees. So then you won’t agree with what you did there.

Rasmen: Yes .. it's false there.

Researcher: Okay, so that one should be false ... now let me ask you. I said x is equal to
30 degrees and I said as a reason, angles subtended by the arc QR. Can I

. still use that as an answer?

Rasmen; I don’t think so.

Researcher: Why not?

Rasmen: Because it did not touch the circumference (referring to point § on the sketch),

Researcher: Okay, that’s fine ... Now you notice that Q4 and Q6 are more or less the
same.

Rasmen: Yes.

Researcher: Did you have a strategy ... what kind of strategy did you use to get to the
answer there? or did you just ... umm ... How did you go about it?

Rasmen: I knew angles subtended by the same chord are equal ... So I use that theorem.

Researcher: Okay, that’s fine. Now what about Q7?7

Rasmen: Q7 ... I'think umm ... it was too difficult for me. I was guessing about it.

Researcher: Oh, you were guessing ... and if you should look at it now, now when [ say
Took what I've got there as an answer, x = 70 and my reason is opposite
angles of a cyclic quad are supplementary, Would you agree with that?

Rasmen: Well, yes .. I'm not sure. It’s the first time to see that (last words indistinet),
guestion.

Researcher: Alright, now let me take your response here. Let me show you ... Here we
go. Oh, you used a property. Opposite angles of a cyclic quad add up to ...
180 degrees (referring to Q2.1).

Rasmen: To 180 degrees.

Researcher: So you would agree that ADBCisa ...

Rasmen: Cyclic quad, because they touch the circumference.

Researcher: Okay ...

Rasmen: So this one (referring to Q7) is not a cyclic quad.
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Researcher: Okay, so it’s not a cyclic quad ... and your reason?

Rasmen: My reason ... cyclic quad touches the circumference on all four angles. So this
one ig three angles that touch the circumference. So these are two reason its
not a cyclic quad,

Researcher: Okay, so that would be true or false?

Rasmen: I think its true. Can [ say ... angle S plus angle O is 180 degrees, sir, but [ don’t
know how can I (sounds like) name it, because its not a cyclic quad.

Researcher: But now the property ... what’s the property of that cyclic quad? You gave it
here {refers to 2.1).

Rasmen: Yes ... you see, all the angles of a cyclic quad are equal to 180 degrees.

RBesearcher: Add up to 180 degrees ... So if that’s not a cyclic quad. Does that (refers to
property) still apply? Can you still use that propesty?

Rasmen: Yes. ‘

Researcher: You think sof?

Rasmen: [ think so ... Idon’t ... you can’t use it.

Researcher: you can’t use it?

Rasmen: Because (indistinct words) ... a cyclic quad.

Researcher: Alright, so if I should ask you. How would you find the value of x, there?
How would you do it?

BELL RINGS IN DISTANCE, NO DISTURBANCE HOWEVER.

Rasmen: Can you do it for me ... I'm not sure, :

Researcher: You're not sure, Okay, let me just show you. IfI should find the value of x,
here. This is 2n angle at the circumference (refers to sketch but hand
obscures view).

Rasmen: Circumference, yes.

Researcher: So this angle here, ... POR (indicating angle on sketch), the reflex angle,
that’s the angle at the centre. So the angle at the centre is twice the size of
the angle ...

Rasmen: At the circumference.

Researcher: At the circumference. So if this is 110 degrees, then this one will be?

Rasmen: 220 degrees

Researcher: 220 degrees. Alright ... and then what can you tell me about angles around a
point?

Rasmen: Angle around a point add up to 360 degrees.

Researcher: Add up to ... 360 degrees. It’s a revolution ... yes. So if that angle is 220
degrees, then what would x be?

Rasmen: Okay its 140 degrees.

Researcher: Its 140, yes. Alright, the other way is if you draw a imaginary cyclic quad
like that (indicates on sketch a cyclic quad with a point above O on the
circumference)

Rasmen: Yes.

Researcher: Then this is 110 degrees, then that one must be ... 70 degrees (referring to
angle at top of circle).

Rasmen: 70 (repeats} ... 75 degrees, no 70 degrees.

Researcher: Yes, 70 degrees and then the angle at the centre is twice the size of that one
(refers to 70), so 70 plus 70 is 140.
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Rasmen: 140.

Researcher: Okay.

Rasmen: Yes, sir, that’s a easy one,

Researcher: But you need to be careful that you spot that its not a cyclic quad, that’s the
main thing. Because if you say its a cyclic quad, then immediately it is
wrong.

Rasmen: Yes

Researcher: Okay ... lets go onto Q8. You also said true there. Umm ... why? In other
words you agree with my statement there?

Rasmen: Okay ... this is a tan/chord theorem.

Researcher: The tan/chord theorem ...

Rasmen: Yes. Angle between tangent RQ and chord PR equal to the opposite interior
angle,

Researcher: Okay.

Rasmen: This one ... (refers to something on sketch, but hand obscures view)

Researcher: So x is 65 degrees. So you would agree with that.

Rasmen: Yes, sir. I agree with that. (turned page toward him to check).

Researcher: Okay, now, you got this one correct. (refers to Q2.7). This is your tan/chord
theorem,

Rasmen: Yes ..

Researcher: Alnght Now are you applying this one Q2.7 correctly over there?

Rasmen: (says something but indistinct, because at the same time, the pen flies out of
researcher’s hand and hits table hard).

Researcher: Sorry ... Tell me about it?

Rasmen: This angle is right ... is right, so I'm correct.

Researcher: So you happy with that?

Rasmen: Yes, 'm very happy.

Researcher: So you perfectly convinced that that is true?

Rasmen: Yes, that is true.

Researcher: And you're applying that theorem (refers Q2.7), correctly?

Rasmen: Yes, I'm applying ... Wha! ... (he shouts because he sees something he
probably didn’t notice before) ... (he laughs).

Researcher: Okay ... tell me ... tell me. (researcher smiles).

Rasmen: These are two radius (meaning radii) ... i, it didn’t touch there ... (points to the
circumference) the circumference ... (smiles)

Researcher: And so, so what are you telling me? So you still agree with what you did
there was true?

Rasmen: No. (shakes head vigorously). It was wrong.

Researcher: Okay, now why you wrong?

Rasmen: This was not a chord theorem. It did not touch the circumference. (indicates on
sketch). So ... (almost talking to himself) ... What do I need to find the x?

Researcher: So youcan’tuse ...

Rasmen: No.

Researcher: So that would be ., falge?

Rasmen: False, yes.

Researcher: Now, how do you think you'll find the value of x7
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Rasmen: I don’t have a ... (probably says strategy, unclear).

Researcher: Too difficult. (researcher interjects before he can complete sentence).

Rasmen: Sortof ... Ja.. But .

Researcher: Okay, now, you gave a theorem. What do you know about the radius and a
tangent?

Rasmen: PAUSE ... Just let me think first .. :

Researcher: Ja ... let me take you back to ... (turns to page 2, diagrams of theorems),
what you did over here. Tangent AB is perpendicular to radius OC
(referring to Q2.5) ... You see that, the radius, and your statement, you got
it correct as well.

Rasmen: Yes.

Researcher: So you know ... (furns back to sketches) from your bookwork, that the
radius and the tangent are perpendicular?

Rasmen: Yerr..

Researcher: Okay ... 50 now we can go back there (refers to Q8).

Rasmen: Okay, this radius is perpendicular to this tangent RS,

Researcher: Yes.

Rasmen: So when the radius is perpendicular, it give us 90 degrees, so thisis ... okay ...
25 (refers to angle PQO), and then the two radius form the isosceles
triangle, then this base is 25 degrees, so 25 plus 25 i3 50 ... is 130 (points to
X}

Researcher: Its 130 degrees ... okay, making sense now?

Rasmen: Yes, its making sense now [these last few lines took long to decipher, accent
not too clear]

Researcher: Alright, so you can see why that one was false, but again you need to spot
that you cannot use your theorem, here ...

Rasmen: Yes.

Researcher: In that, way ... Alright, what about no.9. Q9. Again, how did you go about
answering that question? (ROOM/BACKGROUND BECOMES NOISY).
By the way are you familiar with these, have you seen this {refers to Q7
and Q8B) ... did you do this in class?

Rasmen: (can’t make out response).

Researcher: Not sure ... Doesn’t ring a beli?

Rasmen: Yes ... This is a tan/chord theorem. I'm sure (refers to line RTS).

Researcher: Okay. .

Rasmen: And this triangle TQU ... so 8T ... waitl QT is a chord, so ST is a tangent, this
angle (refers to 25 degrees) ... 8TQ is equal to ... TQU.

Researcher: TQU. Are you sure?

Rasmen: Angle between tangent and chord equal the opposite interior angle, That’s Q ...
and then ... the radius (indicates on sketch) and then this angle (adjacent to
angle marked 25 degrees) ... is equal to 25 degrees.

Researcher;: Why 25 degrees?

Rasmen: This angle ... two radius QO and TO.

Researcher: Okay.

Rasmen: A radius ... (says something indistinct).

Researcher: Okay, but you agree, that’s not true {refers to reason given in Q9)

50



Rasmen: That’s not true, yes, but I don’t know how to ...

Researcher: Okay, you see what ...
AT THIS POINT THE SOUND GOES OFF (researcher indicates
something on sketch) ... NO SOUND

Rasmen: .., That line if I can join BU.

Researcher: If you can join BU. ..,

Rasmen: Yes.

Researcher: Okay, but its not joined.

Rasmen: Its not joined, yes.

Researcher: 8o, so can we apply this one (referring to Q2.7).

Rasmen: If its not joined then we can’t apply it.

Researcher: You ... can’t apply it ... so then that would be false (referring to Q9).

Rasmen; Yes, false.

Researcher: Alright, now how would you solve that? Again we said that the radms and
the tangent is what?

Rasmen: The radius is perpendicular,

Researcher: Is perpendicular, yes .. R\ght'?

Rasmen: So this angle plus this angle is (referring to angle marked 25 degrees and the
one adjacent to it) is (indistinct) ... 5o this angle is 65 degrees.

Researcher: And what is this PBTQ?

Rasmen: 1 think ... a cyclic quad.

Researcher: Cyclic quad. And what is that property that you used earlier on?

Rasmen: Opposite angles is equal to 180 degrees,

Researcher: So if the one is 65 degrees, then what will x be?

Rasmen: 150 degrees.

Researcher: 150 degrees ... Okay lets look at Q11 (turns page). You said its true.
Explain? Do you agree with my reason, there?

Rasmen: x is 82 degrees (speaks more to himself and indicates on sketch). This one is
equal to T {referring to angle marked 82 degrees and then angle at point T}
... (he mumbles something indistinct, still trying to work out his answer),

Researcher: You see I'm looking at what you wrote in there. You wrote 82 degrees there
{refers to response in sketch). Why did you write 82 degrees there?

Rasmen: The angle ... Tused the tan/chord theorem. This is 82 degrees (refers to angle at
point P).

Researcher: Okay ...

Rasmen: So 82 degrees plus this one is about 180 degrees ... so this one is ... must bell2
degrees. (adjacent to P).

Researcher; 112 degrees?

Rasmen: 102 degrees.

Researcher: Okay, so do you think my reason is correct? Angle between tangent and
chord.

Rasmen: Yes ...

Researcher: But I'm saying x is that angle.

Rasmen: It’s not correct.

Researcher: Okay ... and why am I not correct?

Rasmen: Sir, this one is outside the oyclic ...
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Researcher: It’s outside of the circle, so T can’t use that particular theorem. Because all
you need to do is ask vourself, am I applying this theorem (referring t0 2.7)
... over there.

Rasmen: No ...

Researcher: And no ... and the reason? ... because, as you said, x is out there.

Rasmen: Yes.

Researcher: Alright, so that would again, have been false ... And again, have you seen
that sketch during your class-work? or is it unfamiliar.

Rasmen: Umm ... ITdidn’t do it.

Researcher: You didn’t do that ... okay, lets look at Q13. .

Rasmen: Q13 ... it’s not a cyclic ... its outside the cyclic ... this one (probably means
circle instead of cyclic). So we can’t apply that rule of tan/chord theorem ...
So ...

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, why don’t you agree?

Rasmen: Because tangent to the one point, outside the cyclic are equal, so it’s not ... this
is not a cyclic inside this triangle. So it is not a tangent, ... not a tangent.

Researcher: So, okay, lets take it slowly ... Is QP a tangent?

Rasmen: Yes, it is a tangent,

Researcher: And is QR a tangent?

Rasmen: Yes it is ... no its not a tangent.

Researcher: Why is it not a tangent?

Rasmen: PAUSE ... I don’t know what I can say, there, but it’s not a tangent.

Researcher: It's not a tangent, What is a tangent?

Rasmen: A tangent ... it touch the circle at one point.

Researcher: Okay, and that one. Is it touching at one point? QR?

Rasmen: I can say, this line here (referring to SQ), it start from S to Q that’s why I can
say its not a tangent.

Researcher: So it’s not a tangent. So then I can’t use that (referring to reason given in
Q13).

Rasmen: Yes ..

Researcher: Because there I'm saying, both these lines are ... tangents. So that would
have been ...

Rasmen: False. '

Researcher: False, ves. Okay, that’s fine. How about Q147 How would you explain that
one to me? You said true. Again look at the reason I gave, because you said
my reasoning is true.

Rasmen: PAUSE ... That’s false.

Researcher: Why is it false?

Rasmen: This is not a tangent.(refers to line ZU)

Researcher: Okay, but now I'm not using a tangent (referring to reason for §14) ... I'm
saying the exterior angle of a cyclic quad is equal to the interior opposite
angle,

Rasmen: Just checking this one ...

Researcher: Okay,
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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 (indistinct word).

Researcher: (kay, now in your bookwork {refers to 2.3). Can you remember that one?

Rasmen: Yes, I can remember.

Researcher: That’s your exterior angle ...

Rasmen: Thisangle is T .., is a whole ... but I think it’s the half of T

Researcher: I3 a half of T? ’

Rasmen: Yes ... that’s why [ was wrong.

Researcher: Okay, so that’s ... 30 you don’t agree that, that’s true. So x can’t be 78
degrees.

Rasmen: Yes.

Researcher: Okay, and what do you think x would be? Just show me what you would do.

Rasmen: (turns page this way and that to get the picture}. Okay, this ... is a whole, plus
WVYU. I got 180 degrees. So Ithink that ZVW is 102 degrees.

Researcher: Okay, 102

Rasmen: Yes, 102 plus, plus this angle (refers to angle ZTW) is equal to 180 degrees ...
So this angle T as a whole is 78 degrees.

Researcher: So the whole angle T there is 180 minus ... is 78 degrees. That’s fine, that’s
what I want to check, ... you aware which is the interior opposite angle.

Rasmen: Yes.

Researcher: Okay. Now the last one. Q16. How did you go about that one? You did
quite a lot of work there. Can you take me through that?

Rasmen: This is what I did ... tan/chord theorem ...(hand obscures view of sketch and
what he is indicating) ... Angle WUT is equal to UTS.

. Researcher; Is equal to ... UTS,

Rasmen: UTS and then this angle UTS is a isosceles tdangle ... base angles are equal.

Researcher: Okay, ... now just hold it there. You said this angle that’s given TUV is
equal to this angle at T.

Rasmen: Yes .. UTS,

Researcher: Okay, are you applying that one correctly. Because you're using that
theorem {refers to 2.7)

Rasmen: [ think it might be UST.

Researcher: It should be ... UST ... Okay, so that’s why you can see the reasoning wasn’t
correct, there,

Rasmen: Yes.

Researcher: Okay, because of the way you started. But let me take you back. Just one
question. I said x is equal to 57 degrees and my reason was, the exterior
angle of the cyclic quad is equal to the interior opposite angle. Is that the
exterior angle of a cyclic quad? (referring to the angle marked 57 degrees).

Rasmen: No, its the tan/chord theorem, not exterior.

Researcher: Okay, se it’s the tan/chord theorem. Perfect. Alright we’re almost done. 1
just want to get one more ... . -
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INTERVIEW 13 (LUVUYO)

Researcher: ... Now, in no. 1, why do you think that that question is true?

Luvuyoe: Its because, I know the theorem. 1 know that is angle double that one. So x is
equal to 40 degrees. That’s what 1 know.

Researcher: But you said its double,

Luvuye: Okay, I made a mistake there. It's supposed to be 80 degrees, because the angle
at the centre is twice the angle at the circumference.

Researcher: So the angle at the centre is double ...

Luvuyo: The angle at the circumference.

Researcher: So you're saying, that one must be 80 degrees?

Luvuye: It must be 80 degrees.

Researcher: You're sure?

Luvuyo: 'm sure.

Researcher: Okay, you know ... are you using Q2.27

Luvuyo: Yes.

Researcher: Is that the one or are you using 2.67

Luvuyo: No, I'm using that one (refers to 2.6)

Researcher: Right .50 you don’t agree with what you wrote there?

Luvuyo: Yes. That's supposed to be false.

Researcher: It's suppose to be ... false. Okay, that’s fine. What about (3. That one over
there (referring to sketch no.3). How did you go about answering that
question.

Luvuyo: Ja ... this one’s true.

Researcher: You agree that it's true?

Luvaye: Ja ..

Researcher: Okay, and do you agree with my statement? Angles subtended by the same
arc QR So you happy with that?

Luvuyo: This one’s not right, because this line (refers to QS) is supposed to be ended
here (pointing to the circumference).

Researcher: So S must be on the circumference?

Luvuyo: Ja, must be on the circumference.

Researcher: Okay.

Luvuye: So x is not equal {o 30 degrees.

Researcher: So what do you think x would be? Can you calculate x for me?

Luvuye: (moves page closer to him and works out answer, speaking to himself). (writes
values for angles PTQ and STR) ... 8o this must be 40 degrees,

Researcher: So it must be ... 40 degrees. Great. Okay. Q8. You said it was false.

Luvuyo: It was false ..

Researcher: Okay, can you just go through that one?

Luvayo: Itis false, because what I ... this line, this line (refers to OQ) is a radius and is
perpendicular to the chord, so it form a 90 degree angle ... {(angle RQO) ...
so I know this one is 35 degrees (refers to PQO).

Researcher: Okay.

Luvuyo: So therefore 90 degrees.

Researcher: So 35 degrees and 65 degrees’
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Luvuyo: Form 90 degrees.

Researcher: You sure? 65 plus 357

Luveyo: Okay. It’s not 35 degrees.

Researcher: ¥t should be ...

Luovuayo: 25 degrees

Researcher: 25 degrees ... and if that’s 25 degrees then what would x be ..

Luvayo: So this is a radius (refers to OP) and this is a radius (refers to 0Q). So they
(base angles) must be equal. This one should be equal to that one. So now
this is 25 degrees (refers to PQO) and 1 say that one is also 25 degrees
(refers to P) because this is a isosceles triangle. So 25 plus 25 give me 50
degrees, so that’s why it is 130 degrees (writes in 130 in angle POQ).

Researcher; Okay, great. Now ... just look at the reason that 1 gave. I said x is equal to
65 degrees. Angle between tangent RQ and chord PQ is equal to the angle
in the opposite segment. Is that, ... do you think that reason is true?

Luvuye: Its not true, because this triangle (refers to POQ) ... it is not a full circle triangle
{means circumscribed circle).

Researcher: Okay, so O should be on the circumference?

Luvaye: Should be on the circumference (repeats last part),

Researcher: Okay, great. What about Q9?7 How did you go about agreeing that that’s
true?

) TALKING IN BACKGROUND.

Luvuyo: Okay, this is 25 degrees (refers to given angle), so this and this is a (indistinet,
speaks fast, but writes in 65 for angle BTQ) ... So this must be also 25
degrees (write in the value at U).

Researcher: Can you ... you must just talk a little bit louder.

Luvuye: okay, that ones 25 (refers to angle marked 25 degrees)... I want o find x, so
what I know is that this angle must be 90 degrees (refers to angle BTS). So
I must need 65 degrees .. this angle (refers to BTQ) must be 65 degrees.

Researcher; Okay.,

Luvayo: So, this isn’t a cyclic quad. All the comers are at the circumference, so they
form a cyclic quad (refers to BTQP). So this is 65 degrees (BTQ). So what
T know is that the opposite angles of a cyclic quad add up to 180 degrees.
So this one must be 125 degrees (refers to x).

Researcher: Okay, so that would have been false (refers to solution of Q9). That’s fine.
That’s good. That is very good. Okay, Q12. I'm looking at what you did
there. A lot of scratching out and you said eventually that its true. Do you
still agree that x is equal to 82 degrees? (researcher probably means Q11).

Luvuyo: Okay, I must first try to look at it.

Researcher: Yep.

Luvuyo: This is 82 degrees (refers to marked angle), that’s why I said x = 82. Okay, this
is the exterior angle (refers to given angle), so this must be also equal to 82
degrees (refers to the angle at T) ... We can’t say that’s equal to 82 degrees
(referring to x}.

Researcher: Why not?
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Larvuyo: Its because I found this ... is 82 degrees (marked angle 82). So this is a strange
one (refers to adjacent angle to 82) ... this one must be 98 degrees because

Researcher: Okay, that’s angle TQS, ja.

Lauvuyoe: So this is a tangent (line SR). So there is that theorem, if I want to prove that
‘that is a tangent, so I must draw the line from the tangent to the circle
(refers to line ST). So what I know is that this line (S8T) must also be equal
to that one (SR), according to the theorem that I want to prove that thisis a
tangent to the circle (indicating from § to T), so this one is 98 degrees
(SQT), so this angle must equal to that angle because this line (ST) is going
to be equal to that one (SR).

Researcher: So you saying because ST is egual to QR?

Lavuye: Ja ..,

Researcher: Okay, and now just let me ... you got this one correct in the bookwork. Is
this the theorem that we’re applying there? (refers to 2.7) ... Can we use
this, there? ... umm ... Q2.7 ... can we use it ... to solve this?

Luvuyo: Yes, we can use it if the cycle (refers to circle) was (indicates the circle passing
through 8, makes only actions , no words).

Researcher: Ohl If the circle passed through 87

Luvuye: ja ...

Researcher: Okay that’s fine ... Last one. Q13.

Luvuye: (starts eagerly, working out his answer, all the while speaking to himself, what
he says is fast and indistinct until he’s ready to give an answer) ... 50 that’s
75 degrees (refers to the given angle).

Researcher: 57 degrees, hey (researcher corrects him).

Luvuye: Okay ... this line is equal to that one (refers to SK and SP). So this is a tangent
(PQ), so this line (8P) is perpendicular to the tangent. So the angle that’s
going to be there should be 90 degrees (refers to angle SPQ).

Researcher: Okay, so how do you know that is the radius?

Luvayo: Okay, that is the radius (refers to line PS).

Researcher; How do you know that?

Luvuye: It because that line (PS) is perpendicular to the tangent. So it form an angle of
90 degrees ... 5o what I'm going to do is that if I want to prove that this
(RQ) is a tangent, so this line (SP), it is supposed to be a centre in the
middle of this line, the centre of the circle (points to the middle of line SP).

Researcher: Okay.

Luvuyo: So, if this line (SP) start from the centre and go to the circumference, so that’s
why I said this one (SP) is perpendicular to the tangeni.

Researcher: Okay.

Luvuyo: So this angle is 57 degrees (the given angle) ... so this is 90 degrees (SPQ). So -
57 ... you supposed to add 33 degrees in order to get 90 ... so this one (SPR)
is 33 degrees ... so this angle is 90 degrees (SPQ) ... (turns page slightly the
other way) ... so this line equal that line (refers to SP and SR). So I'm going
to take angles SRP ... so this one, R will be equal to P (refers to base
angles).

Researcher: Okay.
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Lavayo: So 33 plus 33 is equal to 66 degrees, So I subtract 66 degrees from 180 degrees
to give me that (angle S} ... So its going to give me 124 degrees (writes in
on sketch) ...(starts to mumble while working out answer). Okay I want 180
degrees ... {works out something again to himself) ... Its 116 degrees.

Researcher: Okay.

Luvuyo: So this is about 116 degrees (angle S), plus this one, plus that one (the other
angles) .... triangle ... so this angle (SPR) ... I can take this angle as a part of
the whole triangle. So I want to find x okay. this is 33 degrees (SRP).

Researcher: Ja.

Luvuyo: So this is a straight line,

Researcher: Okay. _

Luvuye: So 1 can say if that one is 33 degrees (SRP) ... so this one must be egual to ..
{moves page but hand obscures view) ... must be equal to 143 degrees, so x
is not equal to ... (fills in everything he works out on sketch)

Researcher: Okay, so that should be false there. Okay, now I just want to check with
you, Is QP a tangent.

Luvuyo: Yes.

Researcher: Why?

Luvayo: Because it touch the circle at one point.

Researcher: Okay ... is QR a tangent?

Luvuye: It's not a tangent.

Researcher: Why not?

Luvayo: Because it 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 5o that is why x can’t be 57 degrees as well. Alright?

Luvayo: Yes, sir. Can’t be 57 degrees.

Researcher: Okay that's great, Thank you very much ...

INTERVIEW 14

The researcher interviews the student based on mistakes in the bookwork section, but we
will start the transcription from question 1 in test 2.

Researcher: ... Lets go onto some of the other questions. (turns to test 2). Q1. you said
the answer’s true. Why do you think its true? Do you agree with my
statement?

Mzoxolo: (asks if he could move the page toward him, to see better),

Researcher: Ja ...

Mzoxolo: (speaks to himself while working out the answer) ... I said its true, here.

Researcher: And you agree that it’s true?

Mzoxole: Umm ... Yes, sir,

Researcher: Okay. And look at no. 2, Q2. Explain your reasoning over there?
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Mzozolo: Okay .. {whispers to himself) ... I did take a look at 60 degrees. I ... to the
statement, it says angle at the centre is equal to two angle at the
circumference. So what I did ... I did look at C. C is 60 degrees (refers to
given angle C). So if I times 60 degrees by two it gives me 120 degrees,
and X is in the centre.

Researcher: Okay, so what would x be?

Mzoxolo: I think I said x is 120 degrees.

Researcher; Okay, but now you said it was false. So you disagree with what you said
there?

Mzoxole: I think I did make a mistake.

Researcher: You made a mistake, yes. So you sure x is equal to 120 degrees.

Mzoxolo: Ja.

Researcher: Alright, now are you familiar with sketches 1 and 2. Have you seen that
before or is it something new to you?

Mzoxolo: No, ['ve seen it before.

Researcher: Okay, if you look again at number 1, Q1, you got this theorem correct
(refers to 2.2), theorem/question 2.2. Is this the theorem that you're
applying, there?

Mzozole: I think the theorem, the theorem of 2.2. I applied here at no.2, of course this

one too {refers to Q1). :

Researcher; So its 2.2 that you applied there?

Mzoxolo: Yes.

Researcher: So is this (1) exactly the same as that one? (sketch no.2). What do you
think?

Mzoxolo: This ... nol

Researcher: What's different?

Mzoxole: I think this one’s got centre O,

Researcher: Because its got the ... centre O. So which one do you think we’re applying
there? This one 2.2 or 2.67

Mzoxolo: Ithink it’'s 2.6,

Researcher: Okay, so why 2.67

Mzoxolo: Because it consist of centre O and those dots represent the two angles which
might be the half and those dots represent the angles that you should
multiply ... the angle at the circumference by two ...

Researcher: Then you get that one ... okay, 5o now look at no.1 again. Would you still
say your answer is true?

Mzoxolo: No ..

Researcher: What would x then be?

Mzoxelo: x ... umm ... (whispers to himself) ... Okay, I would say x is 80 degrees.

Researcher: 80 degrees, and your reason?

Mazoxolo: Of course x is ... umm ... no. I can say x is 20 degrees here. (refers to Q1, angle
S) ... the reason why I said 50, 40 degrees here is at the centre. So I think
angle at centre is double the angle at the circumference.

Researcher: Okay, thats fine, great. What about Q37 How did you go about answering
that one? You said it’s false, but you just wrote faise, okay. Why did you
say false?
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Mzoxzelo: {works out answer all the while whispering to himself) ... of course, here it
false.

Researcher: You said false, yes.

Mzoxolo: Umia ... this ... is can’t be 30 degrees, here. (referring to solution given for Q3)

Researcher: Okay, why can’t it be 30 degrees.

Mzoxolo: I think § is not subtended by the arc QR ...

Researcher: Okay, and why do you think § is not subtended by QR.

Mzoxolo: All I can say is, S is not touching the circumference.

Researcher: Okay, S is not on the circumference ... Okay that’s fine. Look at Q4. You
said that one was false, okay.

Mzoxolo: Okay ... x is 50 degrees here, because it is subtended by the same arc, this arc,
which is DC here.

Researcher: So you're saying, the arc should have been, DC,

Mzoxzelo: Yes, sir.

Researcher: Okay ... now look at Q6, you said that one was false as well.

Mzouaelo: Then we use the same reason here (reason no.4) ... to get the 45 degrees
(referring to sketch no.6) ... angles subtended by the arc CD.

Researcher: And you looking at the arc CD ... Okay, that’s fine. Q5. you said false. And
then triangle ABCisa ...

Mzoxolo: Equilateral tdangle.

Researcher: A semi-circle (referring to answer given by student in the test).

Mzoxolo: Or a semi-circle, yes.

Researcher: Now if its a semi-circle. What can you tell me?

Mzoxolo: I think triangle ABC ... its half the circle because there is not ... a chord there.

Researcher: Ja ... [NOISE FROM CHEERING STUDENTS OUTSIDE]

Mzoxolo: Which divides the circle in half, that's why 1 say triangle ABC is a semi-circle.

Researcher: Okay, so what will the value of x then be?

Mzoxelo: The value of x ... it will be ... of course 60 degrees. I think s0.

Researcher: So you will agree with the 60 degrees.

Mzoxolo: Yes, I think,

Researcher: But not the reason?

Mzoxelo: But not the reason.

Researcher: Okay, do you know what an equilateral triangle is?

Mzoxolo: Yes,

Researcher: What’s an equilateral triangle?

Mzoxolo: All the sides are equal.

Researcher: (repeats) ... All the sides are equal ... Okay, that’s fine. Lets Jook at Q7.
Alright you gave false there, angles subtended by the same arc. Okay, can
you explain to me?

Mzoxolo: Okay ... I think my statement ... T just don’t ... I disagree with this statement.

Researcher: Okay, you disagree with your statement ... now, ...

Mzoxolo: Because x is 70 degrees, opposite angles of a cyclic quadrilateral are equal to
180.

Researcher: Okay, and that is a cyclic quad?

Mzoxolo: Ja, that is a cyclic quad, (refers to PORS).
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Researcher: Okay, now in the bookwork, is this a cyclic quad (refers to 2.1). Is ABCD a
cyclic quad?

Mzozolo: I think so, yes.

Researcher: Why would that be a cyclic quad?

Mzoxelo: All the sides are ... all the angles are touching in the circle.

Researcher: Okay, so all the angles are attached to the circumference, So is that the
same in Q77

Mzoxselo: Umm ... no.

Researcher: Why not?

Mzoxolo: Because only, only two sides which are touching the circumference.

Researcher: So would that still be a cyclic?

Mzoxele: No.

Researcher: No ... okay. Lets go onto Q8. You said its true, so you agree with my
statement there, that it’s the angle between the tangent and the chord. Okay.

Mzoxelo: (whispers to himself) ... Angle between the tangent and chord is equal to
opposite angles ... okay ...

Researcher: So do you still agree with that?

Mzexole: Okay, I do agree with it.

Researcher; So, Q2.7. That’s the theorem. That’s the angle because you wrote it out,
You said, its the angle between tangent and chord, is equal to the angle in
the other segment. So are we applying that theorem to Q8?

Mzoxzelo: No ...

Researcher: What's different?

Mzoxole: In this triangle here, in Q8, only two sides which are in the circumference, but
all its three (referring to 2.7) are touching the circumference. Here Q2.7. So
it can’t be true.

Researcher: So can we still use this theorem to solve that?

Mzoxelo: According to that question now ... I've just discovered it ... you can’t use it.

Researcher: You can’t use it, okay. So how would you then find the value of x. So that
would then be faise. Hey!

Mzozolo: Ja ...

Researcher: Okay, so how would you then find the value of x?

Mzoxelo: (starts to work out, but speaks to himself} ... Okay ... I can say the exterior
angle ... okay, okay I can say the angle between the tan and the chord, is
equal to the interior angle ... ) ,

Researcher: Not so easy, hey! ... Now you remember the one theorem you had problems
with was the fact that you said the radius is twice the diameter ... twice the
tangent. Okay, now that’s not correct, that should be the radius is
perpendicular to the tangent. So perpendicular. You know what

, perpendicular mean?

Mzoxolo: Yes.

Researcher: What?

Mzoxolo: I think perpendicular ... cuts diameter into two equal lines.

Researcher: Into two equal lines and what about the angles?

Mzoxole: 1 think the angles ... it is equals to ... if you talk about perpendicular. I think
you talk about a straight line, as I can say RS is a straight line, and a
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straight line is 180 degrees, so the perpendicular line will cut the straight
line into 90/90 (gestures with his hands).

Researcher: Okay, so the radius is perpendicular to the tangent, so it means that angle
(referring to angle BTS in sketch) must be 90 degrees, so if the whole angle
is 90 degrees and that one is 65 degrees, what must that one be? (refers to
angle BTQ). i

Mizoxolo: 24 degrees.

Researcher: 24 degrees? You sure? 24 degrees and 65 degrees ...

Mazoxolo: No ... 25 degrees.

Researcher: 25 degrees ... so if that one is 25 degrees, can we calculate angie P?

Mzoxole: I think so ...

Researcher: Okay, what would P be?

Mzoxolo: P would be 25 degrees.

Researcher: Also 25 degrees. Okay and why do you say that?

Mzoxolo: I got no reason for that,

Researcher; Okay, so OQ is called a radius and OP is also the radius. So this gives us
what kind of triangle? OQP, what kind of triangle?

Mzoxolo: I would say an isosceles triangle.

Researcher: Isosceles triangle. So you’ve got 25 degrees and 25 degrees which is 50
degrees and 50 from 180 is equal to ...

Mazoxolo: 130 degrees.

Researcher: SO x is equal to 130 degrees, okay. Lets look at Q9 quickly. Again, look at
my reason. I said x = 25 and I"m using that same theorem, angle between

. the tangent and the chord is equal 10 the angle in the other segment.

Mzexolo: Its not.

Researcher: Its not, because you're applying, that cne here ...

Mzoxolo: Theorem 2.7,

Researcher: Ja, Q2.7. So you established that x cannot be the angle in the other segment.
So again how would you go about solving for x.

Mzoxole: (speaks to himself for a while} ... 'm not sure ...

Researcher: Not sure ... Now remember what we said. See here, the radius and the
tangent are ... what?

Mzoxolo: The radius and the tangent are perpendicular. .

Researcher: So this angle here would be ... (referring to vicinity of 25 degrees).

Mzoxolo: (tumns the page to see properly) ... it should be 90 degrees.

Researcher: So that means angle QTB is what?

Mzoxolo: Angle QTB ... (tums page and indicates on sketch ... is 90 degrees ...

Researcher: Minus?

Mazoxolo: Minus 25 degrees ...

Researcher: So that's 65 degrees and QTBP ... is what?

Mzozolo: QTBP ... 360 degrees ... QTBP ...

Researcher: But what kind of quad is that?

Mzoxolo: I think, sir, quadrilateral ... QTBP. (still whispering or talking to himself while
trying to work out the answer) ... or I would say ... is a semi cycled ...

Researcher: Is a ... And you said over here (referring to page 1 of test 1). What is ... in
2.1... ABCD is what?
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Mzoxelo: Cyclic quad.

Researcher: A cyclic quad ... so would that be a cyclic quad? (refers to QTBP).

Mzoxole: No. )

Researcher: Why not?

Mzozolo: Cause ... it’s suppose to be okay ...it might be a cyclic quad, because all these
four angles are touching the circumference.

Researcher: Okay, and if its a cyclic quad ... then you gave one of the properties earlier
on ...(turns page to 2.4). That property, Q2.4 is what? What can you tell me
about x and y?

Mzoxole: x and y are opposite angles of a cyclic quad which ... we find the sum of 180
degrees.

Researcher: Okay, so the opposite angles add up to 180 degrees. Now we’ve already
said that (referring to angle BTQ) is 65 degrees, so what will x be?

Mzoxolo: Okay 65 degrees ... it will be 115 degrees.

Researcher: Okay 115 degrees ... so that’s how we find the value of x. Okay ... let me
just ask you a few more questions. ... umm ... Q13. Do you agree with my
statement, because that’s what you said there? That’s true ... Can you
explain why you agree with that statement?

Mzoxolo: Okay, we said x = 57 degrees, the reason, PQ = QR, tangents drawn ... okay.
(turns page this way and that to get a look at sketch) ... There’s a diameter
(indicating with finger on S).

Researcher: Which is the diameter?

Mzoxelo: SP

Researcher: SP, a diameter. Why do vou say that’s the diameter?

Mzoxelo: ... the diameter is the line that cuts the circumference into two equal halves.

Researcher: And tell me, is QP a tangent?

Mzoxolo: QP ... yes.

Researcher: Why is it a tangent?

Mzoxolo: A tangent is a line, I think, that touches the circle at one point.

Researcher: Okay, good. And QR is that a tangent?

Mzoxzelo: QR ... nol

Researcher: No ... and why's it not a tangent?

Mzoxolo: It does not touch the circle at one point.

Researcher: At how many points?

Mzoxolo: At two points.

Researcher: At two points. Okay. So now look at my reason.

Mzoxolo: Okay ... tangents drawn from a common point are equal.

Researcher: So is that still true?

Mzoxolo: No ...

Researcher: No ... because we said the RQ is not a tangent. So you can’tuse thatas a
reason. (kay, that’s fine. Lets look at Q14. You said true. x is equal to 78
degrees and my reason was, exterior angle of a cyclic quad is equal to the
interior opposite angle. And you agreed with that .. Alright? ... Would you
still agree?

Mzoxolo: 1 think, sir, that it is exterior angle (referring to 78 degrees).

Researcher: So which is the opposite interior angle?
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Mzoxolo: Opposite interior angle. I think its that (finger indicates somewhere between Z
and T or maybe point Z).

Researcher: 27

Mzoxole: No its T, another half of T, here (indicates to T), because T is divided into two
halves because of the diameter.

Researcher: Okay, 5o it would be the whole of T.

Mzoxolo: Yes, the whole T.

Researcher: So would that statement still be true?

Mzoxolo: No.

Researcher: Can x be 78 degrees.

- Mzoxole: No.

Researcher: Okay, so you disagree ... that that’s not true, hey! Okay. The last one. Q16
You agreed with my statement that x is equal to 57 degrees, because it’s the
exterior angle of a cyclic quadrilateral. Is that the exterior angle?

Mizoxole: Okay, x is 57 degrees, exterior angle of a cyclic quad is equal to the interior
angle which is the opposite angle ... (indistinct) ... 57 degrees. x can be 57
degrees. .

Researcher: And your reason?

Mizoxelo: According to the reason here. We've got a tangent which is NW here, and
we’ve got an angle between the chord, the chord which is UT. And the
angle between the chord and the tangent is 57 degrees.

Researcher: So which other angle would then be 57 degrees?

Mzoxolo: I think its 8.

Researcher: The whole of §7

Mzoxolo: Yes, the whole of § is 57 degrees.

Researcher: The whole of S. So you’re talking about angle USR. Will that angle be 57
degrees?

Mzoxolo: Yes.

Researcher: okay, were you given a strategy for finding this particular angle? (refers to
2.7}. Did your teacher show you how to get to the angle in the other
segment?

Mazoxole: I think, yes, she did tell me.

Researcher: She did, okay. And you still agree that the angle in the other segment is
USR.

Mzozole: Umm .. T think UST.

Researcher: It should be ... UST. Okay, that’s fine. Okay. Thank you very much.
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INTERVIEW 14 (GCOBISA) ‘
The student admitted that she did not study and simply quessed the answers, especially
the bookwork. That was the reason for not knowing some of the bookwork questions,
pamely, 1.7 and 2.4.

Researcher: ... Now in this one here, Q1. I gave a statement and you said my statement
is true. Do you still agree with that? ... Angles subtended by the same arc
PR. that is why they are equal. Would you agree with that?

Geobisa: (sighs) ... I'm not sure (she whispers).

Researcher: You're not sure, okay ... and if T show you, you got this one correct
(referring to 2.2). Can you remember the statement to that theorem?

Geobisa: Umm ... Isn't it this one? (referring to statement of Q1)

Researcher: Okay, now is that the one that we’re using there? Is it the same?

Geobisa: Ja ...

Researcher: Is 2.2 the same as Q1, there.

Geobisa: Umm .. (sounds like affirmative)

Researcher; Okay, so you don’t see anything different?

Geobisa: ... But this one ... umm ... is O at centre, but this one (2.2} here (points to A and
B on the circumference, but does not seem to know how to express herself).

Researcher: So that's at the circumference, but that one (Q1) is at the centre, (referring
first to Q2.2 and then Q1). And what about 2.67

Geobisa: Canlerr..

Researcher: Give me the statement.

Geohisas Okay. Angle at the centre is equal to two angle at circumference.

Researcher: Good. Now if you look at no.2, you said that was true. So x is equal to 220
degrees, angle at centre is equal to two angle at circumference.

Geobisa: Ja

Researcher: So you agree with that? That is true?

Geobisa: Ja.

Researcher: Now is 1 and 2 the same kind of question? Are they similar or are they
different?

Goobisa: They the same,

Researcher: They similar, okay ... and they deal with which one of these two, 2.2 or 2.67

Geobisa: (must have gestured something, nothing heard).

Researcher: 2.2. Okay, okay. Lets go onto Q3 ... Umm ... you said its true ... and the
theorem we're using is 2.2, okay. And do you still agree with what you
did?

Geobisa: PAUSE ... No.

Researcher: Why not? ... What’s different now?

Geobisa: PAUSE | Ja, its true,

Researcher: Its true. So you would agree that that theorem is right. So x is equal to 30
degrees.

Geobisa: Ja,
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Researcher: Okay, alright, Now Q7. Now if you check carefully, why would you say
that one is true? Do you agree with my statement? ... The opposite angles
of a cyclic quad are supplementary.

Geobisa: (makes sound, but cannot decide if its yes or no) ...

Researcher: And that is why x is 70 degrees.

Geohisa: Let me check something (turns pages)

Researcher: Yep, go ahead.

Geobisa: (turns to page 2} ... I think I looked at this theorem {refers to 2.1), then I said
that 7 is true because of this.

Researcher: Okay, and what is a cyclic quad?

Geobisa: A cyclic quad is a four-sided figure.

Researcher: Just a four-sided figure?

Geobisa: No ... with unequal ... (indistinct word).

Researcher: (turns to 2.1) ... is that a cyclic quad ... ABCD,

Geobisa: Yes.

Researcher: Why is that a cyclic quad?

Geobisa: The square is inside the circle.

Researcher: Okay, so you mean in or that the corners touch the circle.

Geobisa: Ja.

Researcher: Okay. Now would OPSR be a cyclic quad? {referring to Q7).

Geobisa: OPSR. ... No.

Researcher: Why not?

Geobisa: I think because the (indistinct) ... of the ... (refers to 0) ... {(does not know how
to express what she wants to say) does not touch the ... (uses her finger to
make the shape of a circle) ... the circle.

Researcher: ... because it doesn’t touch the circle. O, where must O be? Forthattobea
cyclic quad, where must O be?

Geobisa: On here ... (touches the circle/circumference with her finger)

Researcher: On the ... circle. Okay, that’s fine. Let me just check very quickly. Q13. I've
said x is equal to 57 degrees, and the reason, PQ = QR. Tangents drawn
from a common point are equal. And then you said its true, Would you
agree with that?

Geobisa: As I said, T was just ..

Researcher: Guessing? ... Okay, now in your guessing you gave me the statement here
(referring to 2.9). Can you remember what’s that staternent?

Gesbisa: Umm ...

Researcher: 2.9, If AC and BC are tangents. What can you say about that? ... You
forgot? '

Geobisa: Yes,

Researcher: Okay. Tangents from a common point? ... Can you remember? ... You
forgot?

Geobisa: Yes,

Researcher: Okay. So tangents from a common point, we know, is equal.

Geobisa: Okay.

Researcher: Okay. Now let me ask you. Is QF a tangent?

Geobisa: QP .., yes.
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Researcher: Why is it a tangent?

Geobisa: It touches at one point.

Researcher: At one point, And what about QR. Is QR a tangent?

Geobisa: QR ... no.

Researcher: Why not?

Geobisa: 1 don’t know whether there can be two tangents in one circle. So I don’t know.

Researcher: So you're not sure?

Geobisa: I'm not sure,

Researcher: Okay. Now QR is not a tangent because it cuts the circle inRandinS. It
can only be a tangent if it cuts at one point. Alright!

Geobisa: Yes.

Researcher: S0 because that’s not a tangent, it means that statement cannot be true. So
that would have been false. Okay, thank you very, very much.

INTERVIEW 15 (SPHOKAZI

Researcher: Okay, so lets look at Q1. Why do you think that question is true?

Sphokazi: (moves page toward her to see beiter). x is trug, because if you do a chord,
there (referring to imaginary line between P and R)

Researcher: Ja.

Sphokazi: P to R. This chord and to this (arm obscuring view of sketch) ... (rest of
answer indistinct)

Researcher: Okay, and what about Q27

Sphokazi: Q2. o

Researcher: We said x is equal to 120 degrees, because the angle at the centre is twice
the size of the angle at the ...

Sphekazi: ... circumference.

Researcher: And you said it was true. Would you still say its true? -

Sphokazi: Yes ... (moves page side to side} ... probably no.

Researcher: And if you look at the two. Q1 and Q2, Are they similar? ... or are they
different? .

Spholkazi: They are the same.

Researcher: They similar.

Sphokazi: ... because if you connect A to B as a chord you will get x as 60 degrees.

Researcher: Okay, so if you go back to Q1, are you using that particular theorem
(referring to Q2.2).

Sphekazi: (sounds like she said) ... Yes.

Researcher: Now look at number 1 and this theorem (2.2). Are they the same?

Sphokazi: No ...

Researcher: Whats different?

Sphekari: Because this go to the circumference. (referring to line from Cto A} ...
circumference to the circumference, not the circumference to the centre.

Researcher: Okay, So would that answer still be 40 degrees?

Sphekazi: No ...

Researcher: What would x then be?

Sphokazi: x would be ... 20 degrees.
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Researcher: 207

Sphokazi: No ... I don’t know, sir.

Researcher: Why did you say 20 degreses.

Sphokazi: ... because I said that fault is on the centre (points 1o O on sketch) so, the angle
at the centre is twice the angle at the circumference, but I don’t know.

Researcher: There we go. That’s correct, isn’t it. Because you said the angle at the
centre is twice the size of the angle at the circumference. So that’s why
what [ wrote there is not comrect. Okay?

Sphokazi: Okay.

Researcher: And that is why these two are similar, because that is also the angle at the ...
centre. So if you check very carefully (referring to 2.2) ... 2.2 both those
angles are at the circumference, and 2.6, the one is at the centre and the one
is at the circumference {referring to 2.2). So that is what you must look out
for.

Sphokazi: Okay, sir,

Researcher: Okay, are you familiar with these sketches. Have you seen it in your
application in the class?

Sphokazi: Yes, sir.

Researcher: Did you do t?

Sphekazi: Yes, sir.

Researcher: Okay, now lets look at Q3. You also said its true. Now why would you say

. its true?

Sphokazi: I used this theorem, here (referring to Q1).

Researcher: Okay, and is it correct, the way you’ve applied it?

Sphoekazi: No ...

Researcher: What’s not correct?

Sphokazi: Because this is not in that circumference (refers to S).

Researcher: Sc § is not on the circumference. Okay, and if T ask you to calculate the
value of x, how would you do that?

Sphokaz: (answers sofily).

Researcher: You're not sure. Okay, because ... (explains answer to the problem) ... So x
should be 40 degrees.

Sphokazi: 40 degrees.

Researcher; Okay?

Sphokazi: Yes, sir.

Researcher: Okay, lets look at Q7. You agreed with me. I said is equal to 70 degrees.
The opposite angles of a cyclic quad are supplementary. Would you still
agree with me?

Sphokazi: Yes, sir,

Researcher: Yes. Okay. Now in your bookwork, What's ABCD?

Sphekazi: A cyclic quad.

Researcher: Okay, what do you think is different from that one and that or are they the
same? (refers to 2.1 and Q7). .

Sphokazi: No its not the same.

Researcher: What’s different?
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Sphokazi: ... because all the angles are in the circumference, and the other, only three in
the circumference. (refers to 2.1 and Q7).

Researcher: Okay, so that’s not a cyclic quad. So 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 of x,
there?

Sphokazi: I must found this angle ... (moves finger around on point O).

Researcher: And how do I get that angle?

Sphokazi: This {angle 110) minus 360 degrees, 1 get this angle (point O). So this angle
{0) I minus this to this (angle x) ... this angle O is the half of this (angle x).

Researcher: Okay, now lets look at what you said. This is a 110 degrees. Okay, you
pointing at the reflex angle here (refers to reflex POR) and you're saying
that is ... what?

Sphekazi: 360 minus 110.

Researcher: 360 minus 110. So you’re saying this angle plus that one (110 degrees)
must add up to 360 degrees.

Sphokazi: Yes.

Researcher: Why, have you got a reason?

Sphokazi: (makes some sound, but is indistinet)

Researcher: Okay, now this angle here, (refers to O) is the angle at the centre of the
circle. The reflex angle at the centre. Okay!

Sphoekazi: Yes.

Researcher: And the angle at the centre is always twice the size of the angle at the
circumference. So the one at the circumference is ...

Sphokazi: ... 110 degrees.

Researcher: So this one (O) would be double that, and that will give you ... 220 degrees.

Sphokazi: 220 degrees,

Researcher: And now you subtract 220 degrees from 360 degrees, and that will give you
the value of x, so 220 degrees from 360 degrees, equals 140,

Sphokazi: Okay.

Researcher: Okay, so that’s how you would solve that one, but it’s important for you to
spot that that is not a cyclic quad. And if it’s not a cyclic quad, then you
cannot use the property. Alright? Now in Q8 vou said it’s false, because
POQ did not touch the circumference. Okay, so that’s perfect. That is
correct, because then you are applying the tan/chord theorem correctly.
(referring to 2.7), because the angle in the other segment must be at the
circumference. Okay 50 that’s fine. Now look at no.9. You said its true, so
that means you agree that x is 25 degrees. So the angle between the tan and

‘ the chord there, is equal to x. Would you agree with that still?

Sphokazi: No .. (says it softly as if she’s not sure)

Researcher: Why not?

Sphokazi: ... because angle between tangent and chord is opposite in ... is opposite
interior angles ... in the circle. So its U.

Researcher: Its U, okay. And U is not equal to x?

Sphokazi: No, its not equal to x.
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Researcher: Okay, so do you know how {0 solve that one?

Sphokazi: x7
Researcher: Ja ... do you know how to find the value of x?
Sphokazi: I don’t know ...

Researcher: Now, remember you gave me 2 statement here. What is this statement, Can
you remember? (refers to 2.5).

Sphokazi: LONG PAUSE ...

Researcher: You forgot.

Sphokazi: I forgot.

Researcher: Okay, this is your radius. OC is a radius. And thisisa ...

Spholkazi: tangent.

Researcher: Tangent (referring to AB in 2.5), and what is the relationship between the
radius and the tangent?

Sphokazi: ... the radius is perpendicular

Researcher: They’re perpendicular. And you know what we mean by perpendicular?

Sphekazi: Yes, sir, (rest of response indistinet, mumbles answer).

Researcher: So it’s equal to ... 90 degrees. So using that here, ... There’s your radius.
There’s your tangent {radius OT, tangent RS), so this angle here at T is ...
90 degrees.

Sphokazi: 90 degrees.

Researcher: So if that's 25 degrees (Refers to QTS) ... What must that one be? ... Angle

. BTQ.

Sphokazi: 90 degrees minus 25 degrees is 65 degrees

Researcher: And what is TBPQ called?

Sphokazi: It’s a cyelic quad.

Researcher: Its a cyclic quad ... and that and x is what? (refers to angle BTQ and x). If
that is 65 degrees (BTQ), then what must x be?

Sphokazi: Its 180 degrees minus 65 degrees is 130 degrees, 140 degrees ...

Researcher: One ...

Sphokazi: 125 degrees.

Researcher: 125 or 115

Sphokazi: 115 degrees.

Researcher: Okay, that’s fine. Great. Now lets look at Q11. I've said that x is equal to 82
degrees and I'm using the same theorem. Angle between tangent and chord

is equal to the tangent in the other ... segment, and you said its true. Would

you still agree with that?

Sphekazi: No.

Researcher: Why?

Sphokazi: ... Because there’s no angle equal to that 82 degrees, inside.

Researcher: Outside ... inside there?

Sphokazi: ... inside the cirgle?

Researcher: Okay, so x cannot be 82 degrees,

Sphokazi: Yes.

Researcher: In other words, if T apply this theorem, can I do it there? 9shows the
theorem, but it is not facing the camera).

Sphekazi: No.

69

Researcher: Why not?

Sphokazi: ... because x is not in the circle,

Researcher: {repeats) ... because x is not in the circle. Okay, that is fine. What about
Q13. Now again look carefully. I said x is equal to 57 degrees. PQ is equal
to QR, tangents drawn from a common point are equal. And you agreed
with me. Alright! Do you still agree with me?

Sphokazi: I don’t know this circle.

Researcher: Okay, now you gave me a statement here. Can you remember what this
statement was for, 2.97 (refers to 2.9).

Sphekazi: (Says something unclear).

Researcher: Is what?

Sphokazi: (mumbles to herself) ... to the opposite interior angle. Is it that one?

Researcher: You forgot, Okay ... what is CA? CA is a tangent, and CB?

Sphokazi: Tangent.

Researcher: Okay, and tangents drawn from a comumon point?

Sphokazi: Are equal.

Researcher: Right, are equal. Now, is QP a tangent?

Sphokazi: Yes.

Researcher: Yes. Why is it a tangent?

Sphakazi: ... Because it touches the circle at one point.

Researcher: Okay ... and is QR a tangent?

Sphokazi: QR ... no.

Researcher; No. Okay, why not? You said no ... I'm just asking why not.

Sphokazi: ... PAUSE ... (mumble) ... It's not a tangent.

Researcher: It's not a tangent, okay! Does it cut the circle in one place? or in two
places?

Sphokazi: In one place.

Researcher: In one place ... but if it cuts in one place, then it would be a tangent.

Sphekazi: I can say it’s a tangent, because it touches one place ... I don’t know.

Researcher: Okay, that is why it is not a tangent, so I cannot use that as a reason,
because R( is not a tangent. Okay. Lets take one more. Q14. You said its
true. The exterior angle of a cyclic quad is equal to the interior opposite
angle. Would you still agree with that?

Sphokazi: Umm ... No.

Researcher: Why not? . .

Sphokazi: ... Because ... (very indistinct) ... is equal to that.

Researcher: ... is equal to Z, okay.

Sphokazi: Yes ...(says something, once again indistinct).

Researcher: Now in your bookwork, you said here, the exterior angle is equal to the
interior opposite angle ... (refers to 2.3) ... So if you apply that to this
sketch (Q14), then what will it give you? or what would it tell you)?

Sphokazi: It’s not, its not this angle (refers to angle x) ... the whole angle isx. (mdlcatmg
on sketch, the whole angle.

Researcher: x must be the whole angle. Is that what you're saying?

Sphokazi: (some hesitation here) ... Yes.

Researcher: So your interior opposite angle is which one?
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Sphokazi: It's this angle T, the whole angle.

Researcher: The whole angle T ... So that’s why it cannot be True, Okay!
Sphokazi: Yes.

Researcher: Alright. Thank you very, very much.

INTERVIEW 17 (CIKIZWA)

Researcher: Now the first one I want to ask you (referring to Q1). You said its true. Can

you explain why you said its true?

Cikizwa: 1 think its true because angles subtended by the same chord are equal. Sothe
arc PR subtends it.

Researcher: So that is 40 degrees. (referring to x).

Cikizwa: Yes.

Researcher: And number 2. Can you explain your reasoning there? You can turn it if
you want to. (moves page closer to student to enable her to see better).

Cikizwa: Okay, I said number 2 is true because the angle at the centre is double the angle
at the circumference. (indicates on sketch),

Researcher: Okay, so in that one, it’s the angle at the centre, so that’s why vou agreed
with that,

Cikizwa: Yes ... and this is the angle at the circumference, angle C.

Researcher: Okay, and if you look at one and two, are they the same kind of question or
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.1 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 bé?

Cikizwa: The angle at the circumference equals this angle. (referring to angle marked x)

Researcher: So you will be using which one? 2.2 here or 2.67

Cikizwa: 2.6.

Researcher; 2.6 (repeats) .., So you see where you went wrong?

Cikizwa: Ja, I see, sir

* Researcher: Okay, what about Q3. You also said its true. Can you explain that to me?

Cikizwa: (speaks to herself while working out the answer). This angle is (refers to angle
8) not on the circumference,

Researcher: Okay, ... you must just talk a little bit louder so that he (video-operator) can
pick you up there.

Cikizwa: okay, sir.

Researcher: Okay, so § is not on the circumference. So can you then calculate the value
of x for me ... Can you explain the value of x? Do you know how to get o
the value of x?

Cikizwa: No I don’t.
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Researcher: Alright. Now we know that that is false because you said S is not on the
circumference. Okay, now all you need to do is take 30 degrees and 50
degrees.

Cikizwa: Its 80 degrees.

Researcher: And ... what would that angle be, angle angle PTQ.

Cikizwa: Its equal to ... 100 degrees.

Researcher: Iis 100 degrees and then one is vertically opposite to angle STR and those
two are equal (refers to angle S and R respectively). So if'this one is 100
degrees ...

Cikizwa: ... because RTS is a isosceles triangle, so ... (indistinct words) ... are equal.

Researcher: Right, so x will be?

Cikizwa: 40 degrees.

Researcher: 40 ... Great! Okay, alright, so you’ve got that right. Lets look at Q7. Alright,
you said there that it’s false and x is equal to 220 degrees. The angle at the
centre ... alright.

Cikizwa: Yes.

Researcher: ... is equal to twice the size of the angle 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 [ ask a
question?

Cikizwa: Yes please.

Researcher: If x is equal to 70 degrees, can my reason be: opposite angles of a cyclic
quad are supplementary.

Cikizwa: No ... it’s wrong, because that is not a cyclic quad. O 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, yes, we can’t use it.

Researcher: Let me explain what you did. You more or less correct. The only problem is
that this is the angle that’s 220 degrees ... the reflex angle ... that is 220
degrees. So the angle at the centre is twice the size of the angle at the
circumference. So its this angle (refers to reflex angle POR) that’s 220
degrees. So what would x then be?

Cikizwa: 360, The revolution 220 subtracted by 360 degrees

Researcher: And that will give you?

Cildzwa: 1t will give me 160,

Researcher: No ... 140 degrees.

Cikdzwa: 140 degrees ... yes!

Researcher: But you know it’s 360 minus 220. Okay.

Cikizwa: Yes.

Researcher: Okay, so that would have been correct, there. What about Q8. You said it
was true, and the reason is: the angle between the tangent and the chord is
equal to the angle in the other segment. You still agree with that?

Cikizwa: Yes I do.

Researcher: Okay, you got this one correct in the exam. Can you remember the
statement for this?
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Cikizwa: Yes I do.

Researcher: That’s 2.7, alright (referring t0 2.7)

Cikizwa: Ja ... the angle between the tangent and the chord is equal to the angle in the
opposite segment.

Researcher: Okay, that’s the one we’re using there. Can we use this theorem to solve
that? (refers to 2.7, to solve Q8)

Cikizwa: (answer indistinct)

Researcher: Okay, ... so what’s different?

Cikizwa: A and B here (Q2.7) are see ... on the circumference, but here (Q8) its P and Q
on the circumference. O is not on the circumference.

Researcher: Okay, so we can’t use that one. That is why that would then be false. Okay,
but now ... or can you calculate the value of x for me?

Cikizwa: Sorry sir, can [ ask a question?

Researcher: Yes.

Cikizwa: Is O the centre of the circle?

Researcher: Yes, O is the centre of the circle.

Cikizwa: What I can say is if O is the centre of the circle, then OQ and OP are radii.

Researcher: That’s correct.

Cikdzwa: And then 65 degrees is the exterior of the triangle ... triangle POQ.

Researcher: Okay .., POQ. So POQ is that one (referring to Q8). Okay, and is that the
exterior angle? I was asking what if I can say so?

Cikizwa: 1 was asking what if' [ can say so?

Researcher: Ja, but then, that's not the exterior angle. Okay, but you've got the
statement to this ... 2.5 (refers to 2.5). Can you remember that particular
theorem ... That's a radius and that is your tangent? (refers to radius OC
and tangent AB) and what is the relationship between the two?

Cikizwa: The radius is perpendicular to the tangent,

Researcher: The radius is perpendicular to the tangent ... So there you’ve got the radius
OQ (referring to Q7).

Cikizwa: ... And the tangent RS.

Researcher: This angle (angle marked 65}, would thenbe ...

Cikizwa: 90 degrees.

Researcher: So if that one is 65 degrees, then OQP would be what?

Cikizwa: 25 degrees

Researcher: 25 degrees ... and then you said this is isosceles, so this one would also be
(referring to P) ...

Cikizwa: 25 degrees.

Researcher: That’s angle P, yes ... and therefore what is x?

Cilkizwa: Its 140 degrees.

Researcher: One hundred and ...

Cikizwa: 130 degrees.

Researcher: Yes ... 50 you see how you can use your bookwork and solve there ...
alright.

Cikizwa: Yes, I can see, sir.

Researcher: But it's also easy to make a mistake.

Cikizwa: Its confusing.
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Researcher: (turns page) ... Okay, Q13. Look at the reason that I've given. I said PQ =
QR: tangents drawn from a cormon point are equal, and that is why x must
be 57 degrees. Would you agree with that? [NOISE IN THE
BACKGROUND, SOMEONE SPEAKING LOUDLY].

Cikdzwa: No, I don’t agree with you.

Researcher: Why don’t you agree with me?

Cikizwa: Because this is a tangent. (refers to PQ)

Researcher: Okay, which is a tangent? ... QP?

Cikizwa: QP’s a tangent. '

Researcher: Okay ... and what about QR?

Cikizwa: I don’t think QR is a tangent.

Researcher: Why not?

Cikizwa: Because a tangent is the line which touches the circle at one point.

Researcher: Okay, so could we use the statement of this theorem to solve that? (referring
to Q2.9) ... DO you know the statement to 2.97

Cikizwa: YesIdo.

Researcher: What is it?

Cikizwa: Tangents drawn from common points are equal,

Researcher: Okay, so can we use it there?

Cikizwa: No, we cannot.

Researcher: No ... and that is why that would have been false. You see there? ... Because
that’s what I’'m using ... Okay! Alright. Last one. Q16. You said true. Can
you ... okay, let me take you first through my reason, Isaid x = 57: the
exterior angle of a cyclic quad is equal to the interior opposite angle. And
you said, you agree with that statement. Do you still agree?

Cikizwa: (talks to herself while working out answer) ... No, I don’t.

Researcher: Okay. Why not?

Ciliizwa: Because T is the exterior angle of the eyclic quad.

Researcher: Because T is the exterior angle ... okay. So how would you go about solving
that?

Cikizwa: PAUSE ...

Researcher: And always remember when you are given an angle, you need to just look
at the position ... alright? So you can see, the angle I'm giving you there is
the angle between the tangent and the chord, (referring to sketch). So that’s
sort of a hint. So can you tell me which angle is in the other segment?

Cikizwa: Which is equal to this angle? (referring to angle marked 57).

Researcher: Ja ...

Cikizwa: | think its angle 8.

Researcher: Angle S. (researcher is disturbed by someone who speaks to him). ... So

' which angle?

Cikizwa: 1 think angle 8 is 57 degrees.

Researcher: The whole angle 87 RSU

Cildzwa: RSU ... no not the whole angle.

Researcher: So name it for me?

Cikizwa: Its angle UST.
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Researcher: Angle UST ... okay. So that would then be 57 degrees and this is then a
isosceles triangle UST. So you could easily get that, and that, the base
angles (referring to angles at U and T).

Cikizwa: Base angles are equal ...

Researcher: Yes, and remember that TRSU is called what?

Cikizwa: A cyclic quadrilateral.

Researcher: And opposite angles? ... (referring to x and U},

Cikizwa: ... Are supplementary.

Researcher: Are supplementary, And that’s how you would get the value of x. Okay ...
So that’s why that one was worth quite a few marks. Alright, thank you
very much.

Cikizwa: Thank you sir.

INTERVIEW 18 (ETIENNE)

Researcher: ... Alright, lets fire away immediately with Q1. Umm ... why do you think
that figure ... or why did you say that is true?

Etienne: Because the angle is subtended by the same chord.

Researcher: So you would agree with the statement there?

Etienne: Yep.

Researcher: And, you perfectly happy with that?

Etienne; Yes. )

Researcher: Okay, if you have a second look at it, do you still go with the same
response?

Etienne: I wasn’t sure, 100% sure, because I normally know it as ... it supposed to be
touching the circumference.

Researcher: What, what’s supposed to be touching the circumference?

Etienne: This (indicating with finger to point O on the sketch).

Researcher: O ... Okay, and what about number 2. Explain your reasoning.

Etienne: I go with the same reason as 1 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 IN BACKGROUND]

Researcher: They the same ... Okay, in what way are they the same?

Etienne: Umm ... Its ... in both cases its to regulate and the answers probably the same ...

Researcher: Okay, now look at the reasoning here (referring to reason in Q2). We said x
is equal to 120 degrees, and the reason: angle at the centre is equal to two
angle at the circumference and you said its true, okay?

Etienne: Yes, this one (referring to Q2). I think, sir, it was ... (can’t make out answer,
went from loud to indistinet).

Researcher: Okay, so that you agree with that response ... Now my question againis ...
Are those two things different or are they the same?

Etienne: The same, «

Researcher: Just check no.1 again, and then tell me if you're still happy with true?

Etienne: Umm ... partially.

Researcher: What's confusing here?
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Etienne: Its not confusing me ... I’m looking at it now and that was supposed to be the
reason (refers to reason in Q1) ... that supposed to be over there.

Researcher: Okay, so would x still be 40 degrees?

Etienne: Yes ... no! x should be 20 degreses ...

Researcher: It will be ... 20 degrees

Etienne: 20 degrees.

Researcher: So ... then that’s not correct (referring to solution in Q1).

Etienne: No ...

Researcher: Alright, because the one that you were looking at ... for the one atthe
circumference ... that’s different ... okay ... so 1 think we’ve established
that. That’s fine ... what about Q3. How did you go about answering that
question? You ended up with true, which means you probably agree with
this statement?

Etienne: Again, over here I wasn’t sure if I .. same feeling over here {referring to reason
in Q1)

Researcher: So, so that’s what I want to pick up. What’s not making you’re sure?

Etienne: The fact that it wasn’t touching the circumference (referring to 5).

Researcher: Okay, 50 that was the problem ... that it wasn’t touching the ...
circumference ... Because look, you answered that correct, hey! Q2.2.
That’s the theorem (referring to 2.2), that we’re talking about. Can you
remember the statement?

Ktienne: Angles subtended by the same arc ... should be equal.

Researcher: Yes, and if you check carefully ... A and B are at the circumference (refers
t0 2.2} ... Right! ... So if I should ask you ... okay ... 50 you’re not saying
that’s true (Q3) or would you still say that’s true?

Etienne: I wouldn’t say its true.

Researcher: And if I should ask you how you would go about finding the value of x ...
How would you do that? .

Etienne: Umm .., I'll find that angle over there {pointing to T on sketch).

Researcher: Ja ...

Etienme: QTP ..,

Researcher: QTP (repeats) ...

Etienne: It shall be 180 minus 80, the sum of that two (refers to Q and P), should 80,
because the sum of the interior angles of a triangle should be 180 degrees,
then that would be vertically opposite to that (refers to opposite angles at
T), and it should be 100 and I"ll divide by two which will give me 80
degrees divided by two is 40 degrees, 40 degrees (refers to 8 and R),
because the two sides are the same. (refers to TS and TR).

Researcher: Okay, so x is equal to 40 degrees.

Etienne: ... is equal 0 40 degrees.

Researcher: Okay, great. Alright, now if you look at Q7.

Etienne: Q7. ’

Researcher: Ja ... You said false, but you just stopped there. So I want to explore ... why
did you think it was false?

Etienne: False ... umm ...
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Researcher: Because by saying false, you obviously disagreed with my statement ...
which is fine ...

Etienne: To my understanding x is also supposed to be 110 degrees, because you can’t
say its 70 degrees, its not a cyclic quad ... because they don’t say so ...

Researcher: Okay, so you’ve established that it’s not a cyclic quad ... Alright? ... how do
you think you will go about solving that?

Etienne: I have a way ... I normally ... that is 110 degrees (referring to S), then to me that
(referring to x) is also 110 degrees, because if I put another line over there
(gesturing to a point above O on the circumference), then that would be
half of that (refers the angle at the circumference). That’s how I remember
i#t. And if that is the half of that (refers to x), that would obviously make
this whole thing a cyclic quad, then that and that (new angle at
circumference and the given 110) will be 180 degrees.

Researcher: Oh ... so those two (O and S on sketch) would give you 180 degrees.

Etienne: (says something about a cyclic quad, a bit indistinct) ...

Researcher: Okay ... so if those two together will give me 180 degrees then what will ...
then what will that one at the top be? (pointing to imaginary angle above
).

Etienne: Ja, [ was talking about the one at the top. That one and 110 would give me 180
degrees. If it was a cyclic quad.

Researcher: Okay ..

Etienne: What I dois ... in my mind, I put two lines (indicates on sketch) ...

Researcher: That's fine ...

Etienne: Okay, and then ... umm ... if I see that’s 110 there then that's 110 to me as well
(refers to x), because then that’s automatically 70 degrees (places finger
near top of circumference}, and 70 and 110 gives me 180 degrees.

Researcher: Alright ... now from that 70 to the x, How did you get 110 for x? ...You see
what I'm saying. I'm happy with what you’re deing. I'm just going a little
bit further, because you said 70 degrees, but you said x must also be 110
degrees ... if I remember correctly?

Etienne: LONG PAUSE ... SILENCE ...

Researcher: So you agree with x being 110 degrees.

Etienne: That's how I (indistinct word) ... 110 degrees.

Researcher: Then what would your reason be? If you say x is 110 degrees and remember
you got that one up there which is 70 degrees.

Etienne: I'll try and redraw my structure on my question paper.

Researcher: Okay, so you would do something like ... (refers to same sketch on sample
page and draws in dotted lines from point R to top of circumference and
from P to top of circumference).

Etienne: ... But then it still wouldn’t work.

Researcher: And you're saying that this is a cyclic quad (refers to lines drawn in on
sketch, plus P'S and SR) and you said that one (angle at top of
circumference) would be 70 degrees.

Etienne: But you going to have to make that 140 degrees.

Researcher: So x would be 140 degrees (fills in 140 for x) ... Okay ... that’s fine ... umm
... Okay, lets look at the next one Q8. How did you go about solving that
one? You can follow your submission here, and just talk me through it.

Etienne: OQ was perpendicular to RS ... and that’s obviously a 90 degree angle over
there (referring to OQS8) and if that’s 65 over there, then 90 minus 65 will
be 25 degrees, which is PQO.

Researcher: Okay ...

Etienne: PQO and that’s 25 over there ... then that’s also supposed to be 25 degrees
{referring to point P and Q}, because with the isosceles triangle the two
radii are equal.

Researcher: Okay ...

Etienne: And ... umm ... together they give me 50 degrees and to get that one (refers to
%), is 180 minus 50 will give me 130 degrees, because ... (his answer fades
away because researcher integjects) ...

Researcher: Okay, I'm happy with that ... Now, if you look at what I said, x is 65
degrees and look at my reason. What’s wrong with my reason?

Etienne: Tan and chord theorem ... umm ... the chord isn’t touching the circumference of
the circle.

Researcher: ... The chord.

Etienne: Ja, ... the ... the ..

Researcher: What’s not touching?

Etienne: I just know that the ... (points to O) is supposed to touch the circumference.

Researcher: The point.

Etienne: Ja ...

Researcher: Okay, okay I'm with you ... Now ... Q9. You didn’t answer ... What
confused you there?

Etienne: LONG PAUSE ... The structure of the ...

Researcher: Because | see you filled in some things there ... can vou talk me through
that.

Etienne: Okay ... If that’s 25 degrees there {referring to angle marked 25 degrees), then
there’s supposed to be 25 degrees (refers to angle B), because that’s the
tan/ chord thearem.

Researcher: So that would be ... you’re applying that one (referring t0Q2.7).

Etienne: (says something indistinct),

- Researcher; Okay.

Etienne: And if that’s 25 degrees, then that’s supposed to be 65 degrees (refers to BTQ),
because the radius to the tangent is perpendicular ... that will be 90 degrees
over there (pointing to angle BTS) ... There’s a number of (indistinct) ...
that’s the only thing I couldn’t think it could be ... [NOISY CHILDREN IN

) BACKGROUND-OUTSIDE]

Researcher: Okay ... you're basically almost one step away from the answer with x, with
what you’ve got there. [MUST BE INTERVAL QUTSIDE - NOISE
VERY LOUD].

Etienne: (his words drowned out by the noxse) . angle over there, is it point O ... is that
on point O.

Researcher: Yes, that’s point O,
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Etienne: So the angle over there ... 90 degrees ... that’s 65 degrees ... that’s 25 degrees
and there ... that’s as far as I got.

Researcher: And then ... Are we talking loud enough, John (refers to video-operator).
Must we talk a bit louder? ... Okay. Alright ... so if you check carefully,
there’s a cyclic quad (illustrates on sketch) ... TBPQ is a cyclic quad ...

Etienne: Yes ... a cyclic quad.

Researcher: And you’ve got that one which is 65 degrees, so 115 degrees is the value of
x ... Alright ... Lets flip over (turns page). Okay ... Q10, you said it was
true, you got x is equal to 30 degrees, That’s fine ... umm ... In my
reasoning I said x is 30 degrees: Angle at centre equals two angle at
circumference ... umm ... Would you agree with what I got there?

Etienne: LONG PAUSE ... CHILDREN SHOUTING IN BACKGROUND ... Yes

Researches: You agree with that ... Okay, so then that statement ... stays true ... Alright
Q11. You just said false, and then you did some calculations on the sketch.
Can you talk me through that. Explain to me what you’re doing there?

Etienne: x is angle 8 over here (points {o S on the sketch).

Researcher: Umm (agrees).

Etienne: You got 82 degrees over there ...

Researcher: Takk a bit louder.

Etienne: ... 82 degrees over there ... that was tan/chord theorem. Then I got 180 - 82
which gave me 98. This angle’s adjacent supplementary {pointing to P,
where he pencilled in his own figures). And umm ... that was as far as I got

Researcher: That’s as far as you got ... okay, now still, would x be 82 degrees. using my
reason there?

Etienne: No ... it can’t be 82 degrees. That’s what I told myself because if that was 82
degrees, then 82 and that 98, all that would do is give you 180. So that’s
also supposedto be a ... there (referring to ), because its a triangle (last
word is indistinct),

Researcher: Okay ... that’s perfect. Alright ... n0.16 ... Q16. You got 4 points, can you
talk me through that one?

Etienne: Umm .. I started off here 57 degrees, took it up over there (refers to UST), that
tan/chord theorem.

Researcher: Ja ... i

Ktienne: And umm ... that 57 degrees over there (hand still obscuring view of sketch)
and STR must also be 57 degrees, because there are two parallel lines are
apparently equal, and umm ... if that is 57 .. PAUSE ... and these two lines
are equal over here {refers to ST and SU) ... which is making it an isosceles
triangle. And that 57 degrees and that is 180 degrees minus 57 ... And the
answer divided by two, which I got there, 61.5 ... SIREN GOES OFF
LOUDLY ...and I said 180 - 61.5 which gave me 118,5 ... SIREN STILL
GOING ... because % is opposite angle in the cyclic quad.

Researcher: Okay ... What a noise! LONG PAUSE BECAUSE SIREN STILL GOING
ON AND ON ... Does it always ring so long?

Etienne: (nods yes) ... for the others at the back.
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Researcher: SIREN STOPS . Okay, 50 I'm happy with that, and you obviously didn’t
agree with my reasoning, that exterior angle of a cyclic quad ... 57 degrees
.. Is that an exterior angle?
Etienne: No, lt can’t be, umm ... because its supposed to be inside ... follow with the line
{pestures on line RV) like that.
Researcher: Okay, great. Alright Etienne thank you very much.

INTERVIEW 19 (PAUL)

Some questions were given to the student to obtain some clarity based on the student’s
“bookwork” knowledge. These included question 1.4, 2.4 and 2.7.

Researcher: ... Q1. Why do you say that is true? or why do you think that’s true. You
agree with that?

Paul: T agree with it.

Researcher: And you happy with the reason? If x is equal to 40 degrees: angles
subtended by the same arc PR.

Paul: Yes, I'm happy, because I look at it this way (makes a Z with finger on sketch).

Researcher: Okay, and then ... is that the same as 2.27 (refers to Q2.2. Researcher uses
spare page 2 to indicate diagrams his speaking about).

Paul: No ...

Researcher: What's different?

Paul: That 2.2 .., that is touching the circumference,

Researcher: What is touching the circumference?

Paul: All four points of the ...

Researcher: All four points, okay. And in that one?

Paut: Only three points are touching.

Researcher: So are we using the same theorem?

Paul: No.

Researcher: No ... Okay, now if we go to Q2. Can you explain the reasoning for that one
... because there you said true as well, okay! ... But there the reason was x =
120: Angle at centre equals two angle at circumference. )

Paul: The reason why I said true, I sort of ... umm ... the theorem that we have with the
triangle and that we always do in class, that’s why I said its true.

Researcher: Okay ... so this is familiar to you.

Paul: {(nods yes)

Researcher: Okay ... What about Q3 ... You said false. Why did you say false? Because
P'm not sure I understand what you did there?
LONGPAUSE ... 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
(referring to sketch no.3).

Paul: No, it’s not the same.

Researcher: Why .., what’s different?

Panl: Because only three points is touching the cireumference of the circle.
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Researcher: So, could I still use that as a reason?

Paul: No, sir (sofily)

Researcher: No. Okay ... umm ... Did you perhaps, when you said is equal to 50 degrees.
You said interior angles. What did you mean by that?

Paul: I think I went wrong there, T ... (indistinct) ... subtend angles of a cyclic quad.

Rescarcher: Okay ... now, lets come to Q7, x = 70 and the reason: Opposite angles of a
cyclic quad. And you said is false. Alright ... and then you just gave a value
for x. So why do you say its false?

Paul: First of all, it’s not a cyclic quad.

Researcher: So that's not a cyclic quad.

Paul: And then I said that ... I know that if this (indicates to angle 110 degrees) angle
here is twice that angle (referring to x), then this must be half it.

Researcher: Okay, so this is the angle at the centre (refers to x), so it’s half of the 110
degrees. Okay, and Q8. Why do you say that is true ... By the way was this
thing {refers to sketch) emphasised in class? This particular sketch. Have
you seen it before?

Paul: I did see something like that.

Researcher: Q8. Why do you say that’s true? or ... do you agree with the statement.

Paul: T agree with the statement, yes.

Researcher: Okay ... Now if you agree with the statement, then we're using the angle
between tangent and the chord ... So that would be the theorem that we ..
apply. Alright .. and are you applying it correctly? .

Paul: (answers too softly to make out what he’s saying).

Researcher: So there’s no difference between (refers to 2.7) that one and that sketch?

Paul: No ... there is a difference.

Researcher: Okay, what's the difference?

Paul: The trangle is ... the three parts of the triangle is touching the circumference, but
here it’s only two.

Researcher: Okay, so bere we have three points touch the circumference, and there we
only have two (indicates points A, B and C on Q2.7 and the latter part
refers to sketch no.8).

Paul: Two points (repeats last few words).

Researcher: So can we still use the same reason?

Paul: No, sir.

Researcher; No, okay! ... Alright, Q9. You also said true. So that means you said that the
angle between tangent ST (indicates on sketch) which is that ... and the
chord TQ, so its that angle there (refers to given angle 25 degrees) ... is
equal to the angle in the opposite segment. So we’re still using that
theorem. Okay, ... and is it the same? Are we using that one ...

SAME LOUD NOISE IN THE CLASSROOM/ LAB IN BACKGROUND
... {rest of sentence not clear).

Paul: Yes, we are using it

Researcher: So you agree that if that angle is 25 degrees, then x must also be 25 degrees.
Alright, and tell me did you get a strategy or mechanism to use to solve the
problem?
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S50 MUCH BACKGROUND NOISE THAT STUDENT’S ANSWER I8
HARDLY AUDIBLE.

Paul: No ... (rest of sentence indistinct).

Researcher: Alright, so you’re just looking at it and seeing if that tries to work there?

Paul: Yes.

Researcher: Okay ... Lets flip over (turns page) ... Here we go ... in Q10, You said that .
the angle at the centre is twice the angle ... 30 you agree with that
statement. So you don’t have a problem with that.

Paul: No, sir. )

Researcher: Its fine ... So is AOB the angle at the centre?

Paul: (answer indistinct, speaking too softly).

Researcher: Okay, okay lets go onto Q11. You just said false there, right, which means
you don’t agree with that reason. So why do you say it’s false?

Paul: LONG PAUSKE ...

Researcher: And that means again you don’t agree: The angle between tangent and
chord is equal to the angle in the opposite segment. {refers to reason of
10.11). So again we're looking at the application of ... (referst0 2.7) .. Is it
the same thing?

Paul: It is the same thing ... just there’s another line coming from the tangent into ...
these line (referring to line running from Sto T).

Researcher: This line here ... (line ST). So okay ... so what’s different between that one
{Q11) and that one (Q2.7).

Paul: There’s no difference there.

Researcher: They’re exactly the same?

Paul: Yes. (softly).

Researcher: So 1 can use the theorem for this one (referring to sketch no.11).

Paul: Yes (very sofily).

Researcher: But you said it was false.

Paul: ... PAUSE.

Researcher: So you still happy with it being false?

Paul: No ...

Researcher: I'm confusing you now?

Paul: ... (laughs).

Researcher: Okay, now if you go to Q12. You said that is true. Now, are we using the
same strategy here, as we used inno.11.

Paul: They the same, sir.

Researcher: Okay, so the angle between the tangent and the chord is equal to the angle
in the other segment. So the angle between tangent and chord is equal to
the angle in the other segment ...(repeats this while applying the same
theorem and indicating its application on first no.12 and then no.11). So
you don’t have a problem ... you happy.

Paul: No, sir ... Yes, 'm happy.

Researcher: Okay .., lets go onto Q13. Again you just said it was false. What T want to
look at is why do you say it is false? Because if you say it is false then you
obviously don’t agree with my statement. So why don’t you agree with the
statermnent?
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LONG PAUSE...

Pauk; I'm not sure why ...

Researcher: Okay, is QP a tangent?

Paul: QP is a tangent.

Researcher: Why is if a tangent?

Paul: As its drawn to the circumference ...

Researcher: Because its draw? ...

Paul: ... to the circumference, sir.

Researcher: Okay ... will QR be a tangent?

Paul: Yes, it can be a tangent.

Researcher: Why?

Paul; Because there’s umm ... because it’s drawn to the circle.

Researcher: So it’s drawn through the circle, okay?

Paul: Yes.

Researcher: And, and how do you define a tangent?

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: Okay, where does it touch.

Paul: ... (points to R).

Researcher: R ... only at R?

Pauk: There at Q (points to Q)

Researcher: But is the circle passing through Q7
Pauk: No ...

* Researcher: Okay ... so there’s still that confusion about what’s meant by tangent. Okay,

fets look at no.14. How did you go about deriving that’s true, Can you
show me or show me how your teacher would explain that,

Faul: I always remember that we used to do something like this: exterior angle (referring
o 78 degrees) is equal to the opposite interior angle (referring to x).

Researcher: Okay, so the opposite interior angle is T, I mean, is x.

Paul: ... x, yes.

Researcher: Alright ... so is that why you agree that its ... (does not complete the
sentence). Okay, now ... if you check your sketch, that’s the theorem we’re
talking about. Is that exactly the same? (does not indicate here what he is
referring o).

Paul: No ...

Researcher: What’s different?

Paul: This line here ... line TV . )

Researcher; Okay, the line TV is making ... (last word indistinet) ... and if we take the
line TV away, will that angle still be x?

Paul: Yes, it will still be x.

Researcher: Just that part there (indicates x on sketch).

Paul: Yes.

Researcher: Okay, if we apply this: the exterior angle is equal to the interior opposite
angle.(refers to 2.3). So you’re happy with that? .. Now what about no.157?
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Its the same thing, X is equal to 60 degrees and I've given the reason:
exterior angle of the cyclic quad is equal to the interior opposite ... is that ;
exactly the same as no.14. *

Paul: Yes it is the same.

Researcher: Alright, so there’s no problem with that?

Paul: No problem.

Researcher: Okay, and no.16, the exterior angle of a cyclic quad is also equal to the
interior opposite angle. So you’d agree that this is the exterior angle of a
cyclic quad (referring to angle 57 degrees on sketch)

Paul: ... (speaks softly, but probably agrees) ... Yes, I agree with it,

Researcher: No problems with it. And that’s why you said it was true. Okay if we check
(introduce end activity) ...

”.

INTERVIEW 20 (WARDA)

Researcher: ... Alright, lets get onto Q1. You said Q1 is true, why do you think its true?
Do you agree with the statement? ... PAUSE ... Would you still say its true?

Warda: No, I don’t think 50 now.

Researcher: Okay, why not? ... Can you hear her? Must she talk louder? (refers to video-
operator) ...

Warda: No, now it’s the same, sir.

Researcher: It’s the same?

Warda: Umm (agrees).

Researcher: Okay, and what about Q22 You said that’s true as well. And here we smd X
is equal to 40 degrees (refers to solution in Q1), because there’s 40 degrees
(refers to angle 40 degrees in sketch), 50 % is equal to 40 degrees as well ...
Here 1 said x is equal to 120 degrees (refers to Q2) and there it was 60
degrees (refers to 60 degrees in Q2) and the reasons are slightly different.

LONG SILENCE ... PAUSE FROM STUDENT ... So are these two

sketches the same to you or are they different?

Warda: They’re different.

Researcher: Okay, and why are they different?

Warda: That is umm .. angles, I think, of a triangle are the same, the segments are equal

.. and that is the angle at the centre ... is the same as angle at the

ctrcumference

Researcher: Okay, so number 2 is based on 2.6 (refers back to 2.6). Okay, that’s the two
theorems that you gave me. Okay, what about number 3, You said its true,
so that means you agree with the statement: angles subtended by the same
arc QR, okay! Are you happy with that? You said its true, so just checking.
LONG PAUSE ... And, is that the theorem we're applying (refers to 2.2)

Warda: That is the theorem ... I don’t think so.

Researcher: What, what doesn’t look right to you?

Warda: Because § don’t touch the circumference.

Researcher: Because § is not on the circumference .. Okay, fine. Now what about no, 47
Q4, is it the same as Q37

Warda: No, it is not the same.
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Researcher: And are we using that one ... (refers {0 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 Q1,2,3 .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 Q1,3,6 and 4).

Researcher: So 1and 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 corners ... say with a circle its four corners ... which ... itsin
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 if that
point (refers to point O) 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 Q87 )

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: Of a 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,
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that one there ... (refers to Q2.7). Are we using this over there? (refers to’
Q8).

Warda: Yes.

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 Q10, quickly ... (researcher turns page). You said that
was true, that’s fine. Okay, Q11. 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 Q117

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 Q11).

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 R and S.

Researcher: Right, because it touches the circle at R and 8, 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 ... '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. Okay, Q16. You
agree with that 50 you were saying that the exterior angle, whichis TUV is
equal to the interior opposite angle. Would you agree with it?

Warda: Yes.

Researcher: So there’s no problem with that.

Warda: No.

Researcher: Okay, and is that exterior angle the same as no. 14’s exterior angle?

Warda: No.

Researcher: Okay, no. What do you think is different?

Warda: This is only got one ... (indistinct) ... divided into two.

Researcher: Okay, so you divide by 2 there (refers to Q14, line TV). Okay, but thatisa
different exterior angle (refers to 316, angle TUV), but you can still use it
... Alright, thank you very much.

INTERVIEW 21 (SONIA)

Researcher: ... So we'll start with Q3 ... Here we go ... Okay, you said it was true. That
means you agree that angles subtended by the same arc or chord are equal.
Do you still agree with that?

Senia: No.

Researcher: Why not?

Somia: Okay ... where’s it ... This one hers, are you asking me this one (points to Q3).

Researcher: Ja ...

Sonia: Because it’s not touching the circumference (pointing to S).

Researcher: 5o S is not on the circumference. So can you use that theorem (refers to 2.2)

Sonia: No ... its not touching the circumference.

Researcher: No ... because it’s not touching. So you won’t agree with your answer there
... Okay, that’s fine. Q4 and Q6 are more or less the same. Am I right?

Sonia: Right.

Researcher: Am 1 right .. And do vou have a strategy for finding those answers? LOTS
OF NOISE IN BACKGROUND.

Somia: ... (says something indistinct but ends in) ... quickly.

Researcher: Umm ... I would say so. You get the ... your circle with the angles. Here we
have its a ... circle (refers to Q4) and here we have the same ... (refers to
Q6), Okay, but you don’t have a problem with it.

Sonia: No.

Researcher; So that’s fine. What about Q77

Somia: I do not like that one,

Researcher: Can you explain what you’re trying to do there, or what you were doing
there.

Senia: I mistook it for this (pointing to sketch). I just saw this ... the centre ... angle at the
centre ... So [took it ... angle at centre is twice the angle at the
circumference, .

Researcher: Okay, so that’s why x is equal to 220 deprees .. Right! ... That’s good ..
Now I also said x = 70: opposite angles of a cyclic quad ... So do you agree
with that?
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Somnia: No.

Researcher: Why not?

Sonia: Cyclic quad ... it’s not touching ... its not touching the circle line.

Researcher: Okay, so it’s not a cyclic quad, so that's why you had to look for another
method?

Sonia: Yes.

Researcher: Now, let me just explain to you, what should have happened. If that is 110
{refers to given angle), then this one here (refers to reflex POR) will be 220
degrees.

Sonia: Oh, the outside.

Researcher: Outside ... and if that is 220 degrees ... from 360 ... will give you x,

Sonia: Oh!

Researcher: Okay ... because you see, if this was the angle up there (indicates an angle
above O on the circumference) ... then this (angle POR) will be the angle at
the centre for that one, but since its here (refers to S) ... it must be on the
outside.

Sonia: Oh, yes.

Researcher: Okay, so that’s what went astray there. Umm ... Q8. You said its true, which
means you agree with my statement, and since you’ve got all the other
things correct (refers to test 1) ... that is the theorem that we're talking
about (refers to 2.7) ... 50 are we applying this theorem over there?

Sonia: No ... (giggles)

Researcher: Why not?

Sonia: Yes, we are applying it, but ... once again its not touching the circumference
(refers to (J8).

Researcher: So its not the angle in the other segment ... Can you talk me through Q9.
You said false and then x ... and then something went astray ... You just
gave up. ‘

Senia: [sn’t there a clearer one (she had scribbled all over her sketch).

Researcher: You want this? (researcher hands her a clean sheet with sketch.

Sonia: Oh, I had the same one like this in the exams ... What did I say, sir ... It’s false.

Researcher: You said false,

Sonia: Am I right?

Researcher: And just x ... Okay lets take you back here. I've said ... [ said x = 25: Angle
between tangent and chord is equal to the angle in the other segment. So
what I'm saying is, x is 25 degrees because I’'m using that (refers to 2.7)
theorem ... And what you peed to tell me is ... Am I doing that correctly?
{pointing to 2.7) ... And you decided there ... false.

Sonia: Okay, 1took it this way: if this is 25 degrees (refers to B) ... then how can this be
25 degrees (refers to x). It can’t be.

Researcher: So it can’t be?

Sonia: Umm ... I took it literally.

Researcher: But its confusing?

Sonia: Yes.

Researcher: ... (explains the solution to the student) ..

Senia: Okay. ’
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Researcher: Okay, Q11. You said its true. My reason was: Angle between tangent and
chord is equal to angle in the opposite ... segment. So I’m using again that
particular theorem. And you agreed with me, that’s why vou said true.

Sonia: I'm thinking now. Is it this one (pointing to 2.7) ... because there (refers t0 2.7} it
is not on the outside.

Researcher: Its not on the outside. Okay, so it would be false. So if x was inside there
(refers Q11) and 8 was on the circumference, then it would be okay.

Sonia: Yes.

Researcher: Okay, fine. Q3. You said true, That means you agreed with my statement?

SIREN GOES IN BACKGROUND
... Can you hear us? (speaks to video-operator)

Sonia: I just thought, here was a common point (referring to Q) ... but its bisecting the
circle ... {means cutting the circle)

Researcher: Okay, so RQ is not a tangent. Is that what you're saying?

Sonia: Umm ...

- Researcher: Or let me ask. What is a tangent? What do you understand by a tangent?

Somia: Its ... I want to draw it.

Researcher: Ja ... here ... (points to the page)

Sonia: (she draws) ... Here's the circle here. Then here’s a line going (draws fine under
circle) ... only touching at one point.

Researcher: Okay ... so that’s a tangent. So PQ will be a tangent?

Sonia: Yes.

Researcher: And QR?

Sonia: No, I don’t think so, because its not touching the ... (points to circumference of
circle) ...

Researcher: That’s right ... 50 then that would have been ...

Sonia: ... False

Researcher: False ... and the reason ... Because one is not a tangent. Okay, that’s good,
For Q14, you said: x is equal to 34 degrees. Can you explain to me? How

. did you go about solving that one?

Senia: I took it that the exterior angle is equal to the opposite interior angle, so 78
degrees ... I just took it that that is equal to that inside, okay, then divided
by two, because it can’t just be equal to the one side.

Researcher: Okay, and you happy with the reason? The exterior angle is equal to the
interior opposite. Right ... no. 16, You said true.

Sonia: That's an ugly one (giggles). Let me see now ...

Researcher: ... So by saying true, you obviously agreed with what I said there. x = 57
degrees: the exterior angle of a cyclic guad is equal to the interior oppousite
angle, Is that true?

Sonia: I think so (giggles) ... No, sir its not ...

Researcher: Try it?

Semnia: Umm ... if this was my exterior angle, wouldn’t this be my opposite interior angle
(refers to given 57 and angle S)

Researcher: Okay ... the question of course is ... is that the exterior angle of a cycllc
quad?

Sonia: Ohh ... No!
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Researcher: Why not?

Sonia: T would say, this is my exterior angle (refers to UTV), because ...
exterior angle, then it would be outside, here, or here (vefers to angle at T

and V) ...

Researcher: So you would agree that that’s a headache.

Sonia: Yes.

Researcher: Okay, now let me just show you ...

Sonia: Okay.

(researcher explains the solution) ...

orit could be an
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