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ABSTRACT

In this study the construct of personal theories is used to represent the teacher's conceptions, which

are interpreted as the consciously held beliefs. The teacher's personal theories encompass beliefs,

images, values and attitudes as well as understanding about teaching and learning. This study

investigates the influence of the teacher's conceptions of mathematics, of the teaching and learning

of mathematics and of the context before and after a structured learning experience.

The interest in the teacher's conceptions is derived from the assumption that these serve as a

primary component that influence how teachers think about their professional responsibilities and

how they act in their classrooms. Furthermore, the extent of implementation of a new curriculum

has been linked to the scope of congruence between the teachers' conceptions and the underpinning

philosophy of the intended curriculum. The study of the teacher's conceptions is especially relevant

during a time of educational reform, such as the current transition to an Outcomes Based Education

curriculum in South Africa.

The participants in this study consist of four primary school mathematics teachers with various

educational backgrounds, who teach at schools situated in different physical environments. The

conceptions that these teachers have of mathematics, of the teaching and learning of mathematics

and the influence of the context are investigated using a variety of instruments. Data collection was

done with a questionnaire, a repertory grid, a semi-structured interview and lesson observations.

The teachers participated in the Teaching Intervention and Support Programme (TISP), as a

structured teacher learning experience. The programme is centred on the integration of the

developmental and socio-cultural perspectives on teacher learning. With the developmental

iv
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perspective the focus is on the acquisition of intellectual skills, while the socio-cultural perspective

emphasizes participation in social practice. Both are directed at effecting conceptual change.

With the developmental approach the process of conceptual change involves the development of

new conceptions from existing conceptions. From the socio-cultural perspective the context is

paramount and conceptual change is seen as new ways of being and acting within a particular

context. The teachers were invited to attend a two-week intervention session, followed by a six

months support programme that was aimed at establishing a teacher learning community. The

learning experiences provided during the intervention session were drawn mainly from Realistic

Mathematics Education. On completion of the programme, the teachers' conceptions of

mathematics, of the teaching and learning of mathematics and the influence of the context were

again investigated.

The results of this study show that two of the participants had highly mechanistic conceptions of

mathematics, and the teaching and learning of mathematics. The remaining two had a more

empiristic approach with its high focus on environmental activities. After the programme, the

teachers with the mechanistic views adopted a mixed. conception with some of the mechanistic

conceptions retained, but now interspersed with some empiristic and realistic conceptions. The

participants with the empiristic conceptions adopted a more realistic conception, but again to

varying degrees.

Thompson's (1991) hierarchical structure for the development of conceptions was also used to

describe the extent of conceptual change. However, it was found that a concentric, rather than a

hierarchical representation is a more appropriate to describe these changes. With regards to the

socio-cultural view of conceptual change, all the participants perceived the context differently. The

teachers' actions were also more commensurate with the practices associated with teachers that

encourage learner autonomy, mathematical investigations and a facilitative role for the teacher.

v
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Chapter 1

INTRODUCTION AND OVERVIEW

1.1 INTRODUCTION

The interest in the teacher's beliefs and conceptions is based on the assumption that it

plays a vital role in the teacher's thinking and action. If it is assumed that beliefs

underpin action, then beliefs are clearly an important means of understanding how

and why teachers act the way they do. The teacher's belief structure will therefore

shape the teacher's planning for instruction, the selection of content and the style of

teaching, as well as determine how the teacher will react to observations in class

(Thompson, 1984). The teacher's beliefs and conceptions, knowledge, images as well

as values and attitudes individually and collectively contribute towards the teacher's

personal views about mathematics, about the teaching and learning of mathematics,

about self and about the influence of the environmental context on teaching.

Furthermore, it places the teacher's existing beliefs and conceptions and how these

change during a period of educational reform squarely under the spotlight.

In this thesis we report on a study of the teachers' conceptions, which are the

consciously held beliefs, and especially about the impact that structured teacher

learning experiences have on these conceptions. Conferences, workshops or teacher

enhancement seminars are examples of such structured learning experiences. The

investigation takes place in the context of Realistic Mathematics Education and the

resultant conceptual changes that occur as a result of structured learning experiences.

More specific, the current conceptions that teachers have about mathematics, the

learning and teaching of mathematics and the influence of the context will be

investigated.

https://etd.uwc.ac.za/



This chapter provides a background on the educational reform process in South Africa

and the place of teacher learning within this process. This directs us towards the

notion of teachers' personal theories of mathematics education as a context for

situating beliefs and conceptions.

1.2 EDUCATIONAL REFORM IN SOUTH AFRICA

In South Africa educational change was necessitated by the drive to provide equity in

terms of educational provision and the promotion of critical thinking and problem-

solving abilities in learners. The chronic discontent about the state of Apartheid

education that was prevalent in the eighties has crystallised in the nineties in a shift

away from a content-based to an outcomes-based approach to teaching, learning and

curriculum development.

Outcomes-based education can be described as a learner-centred, results-oriented

approach to learning which is based on the following underlying beliefs (Spady,

1996):

• All individual learners must be allowed to learn to their full potential.

• The success that a learner experiences builds the learner's self-esteem and the

motivation and willingness to achieve more success.

• The learning environment is responsible for creating and controlling the conditions

under which learners achieve success.

• All the different stakeholders in education such as the community, teachers,

learners and parents share in the responsibility for learning.

2

https://etd.uwc.ac.za/



The legal framework for the introduction of outcomes-based education (OBE) is the

South African Qualifications Authority (SAQA). One of the main functions ofSAQA

is to oversee the development and implementation of a National Qualifications

Framework (NQF). The NQF houses the national standards, which are specific

descriptions of learning achievements, agreed on by all major stakeholders in an area

of learning. These learning outcomes focus on what learners can do and how they can

apply new skills and knowledge in different contexts.

In order to support the transformative aims of the NQF, a set of outcomes that are

essential to all good learning has been identified. These are the "critical cross-field

education and training outcomes" or simply critical outcomes (CO's). These CO's are

broad cross-curricular outcomes that are statements of intent, which give direction and

guidance to the statement of more specific outcomes. These critical outcomes are at

the heart of the new approach to curriculum and are regarded as critical for the

development of the capacity for lifelong learning.

The Specific Outcomes (SO's) refer to the specific knowledge, attitudes, proficiency

and competencies which should be demonstrated in the context of a particular

learning area. Together the critical outcomes and the specific outcomes must guide

the teacher (facilitator) in drawing up learning programmes and design learning and

teaching experiences.

3

The following definition was adopted for the learning area Mathematical Literacy,

Mathematics and Mathematical Sciences.
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Mathematics is the construction of knowledge that deals with qualitative
and quantitative relationships of space and time. It is a human activity
that deals with patterns, problem-solving, logical thinking, etc. in an
attempt to understand the world and make use of that understanding. This
understanding is expressed, developed and contested through language,
symbols and social interaction.

Department of National Education, 1997, p. 1

It is argued here that the critical outcomes, specific outcomes and the definition and

rationale for the learning area, Mathematical Literacy, Mathematics and the

Mathematical Sciences (MLMMS), constitute a broad philosophy of mathematics

education (See Appendix A). Such a philosophy of mathematics education represents

a coherent belief system about the subject (mathematics), the teacher and teaching, the

learner and learning and the context of the teaching of mathematics (Ernest, 1991).

The set of personal beliefs and conceptions that a teacher holds about these issues is

referred to as the teacher's personal theory of mathematics education. The term

personal theory is preferred to personal philosophy and this distinction is important. A

personal theory only becomes a personal philosophy if the teacher's reflection on her

beliefs reaches a stage of formalization where it may be confronted with other main

streams of philosophies of mathematics education (Furinghetti, 1996).

In many reform programs there is the assumption that teachers will adapt their

personal theories to change and that we only need to instruct them on the nature of the

new changes: be they curriculum, teaching methods or assessment. Furinghetti (1992)

identifies two major problem areas that militate against such a view - the natural

4

conservatism of the school world, and the teachers' inborn resistance to change. In

order to bring desirable changes to the existing system, we need to take into

consideration the personal theories that teachers hold. Moreover, if we want to

https://etd.uwc.ac.za/



understand how teachers might deal with reform, we must understand the teacher's

beliefs and conceptions and especially how these beliefs and conceptions change.

Dougherty (1992, p. 208) states in this regard " ... if teachers' beliefs are similar to the

philosophy of the new curriculum, it is easier to implement change." He also

expresses perplexity when the teachers' beliefs are diametrically opposed to the

philosophy of the new curriculum. It is therefore meaningful when curriculum change

is on the agenda to analyse crucial questions related to teacher beliefs. What are the

teachers' current beliefs and conceptions? How do teachers relate to the changes in

the curriculum? How do beliefs and conceptions change as the teachers work their

way through the changes?

1.3 TEACHER LEARNING

Some of the key objectives for the NQF are to promote lifelong learning, to integrate

education and training and to recognise prior learning. The principle of lifelong

learning applied to teachers implies that teachers should themselves be regarded as

learners, in fact they have a right to learning.

5

In the past, South African education policymakers paid more attention to

reconceptualizing the manner in which prospective teachers were taught than to the

continuing learning of practising teachers. Continuing learning or in-service training

for teachers was seldom formalized and mostly presented on an ad hoc basis

(Hofmeyr, 1992). In-service and pre-service training were seen as distinct and

separate phases of the teacher's professional life. The concept of lifelong learning

propagated by the NQF demands that we now adopt a more holistic view of teacher
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learning. Lifelong learning for teachers is therefore defined in this context as a

learning continuum that extends from the teacher's admission to a teacher education

programme until retirement.

Lerman (1997) has called for studies on teacher learning to foreground the

researcher's epistemological base. The premise that is adopted in this study is

essentially an eclectic one. Learning is seen as a constructivist process which draws

heavily on what we know and believe (von Glasersfeld, 1983). The change should

therefore make sense to those expected to implement it, and the process of change

must recognise the implementers as learners in their own right (Siemon, 1987).

Learning is also seen as inherently a social process and the mental functioning of the

teacher must be understood within the social and cultural context from which the

mental constructs derive (Vygotsky, 1978).

In the past decade, many different routes into lifelong learning for teachers were

developed. Darling-Hammond (1994) describes how partner schoolsl can be designed

to train prospective; nurture novice and refresh seasoned teachers on the school site.

Feiman-Nemsher & Parker (1992) highlights mentoring programmes that pair novice

with outstanding experienced teachers who guide the professional growth of new

teachers by promoting reflection and fostering norms of collaboration and shared

inquiry. Schifter & Simon (1991) proposed a model of intervention where teachers are

regarded as learners, followed by classroom-based support. The position adopted in

this study is that for teacher learning to be effective, teachers must be engaged in

situations where they become learners, to make them aware of their own learning

6

I Partnership schools refer to schools with which the College have a co-operative relationship.
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processes and to instil a sense of responsibility for their own learning and

development as a teacher.

1.4 THE TEACHER'S PERSONAL THEORy2

The teachers' beliefs and conceptions, together with the understandings, values and

images that the teacher holds, form in a professional context, the theoretical

framework that teachers use to interpret and explain their experiences. This

interpretative framework of the mathematics teacher has variously been called a

mathematical world-view (Schoenfeld, 1985), the individual's view of mathematics

(Pehkonen, 1995), a philosophy of mathematics education (Ernest, 1991) or even a

personal theory of mathematics education (Siemon, 1988). The latter descriptor is

derived from Personal Construct Theory (Kelly, 1955).

Such a personal theory may be implicit and unsystematic or, on the other hand of a

continuum, be articulate and internally consistent. It may be private and exist in the

teacher's mind or it may be a private version of a public theory (Eraut, 1994).

Furthermore, it is possible for one teacher to have many theories which may be

incoherent or contradictory (Zeichner, et. al., 1987). Teachers are often unaware of

their own theories, nor that there are alternatives until such time as they are overtly

challenged. Such a challenge to the teacher's personal theory is posed, for instance,

during educational reform.

The mathematics teacher's personal theory is not static but dynamic because at the

centre there is an observer who must interpret his/ her experiences. Structured

2 The concept of the teacher's personal theory will be explained in Chapter 2.

7
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learning experiences represent one such opportunity to teachers to become aware of

their own conceptions through reflection on current practices and to take

responsibility to modify, discard or change these conceptions. The process, by which

the beliefs and conceptions that teachers hold change, is called conceptual change.

The teacher's personal theory of mathematics education will be defmed in this study

as the teacher's beliefs and conceptions, knowledge, images as well as values and

attitudes that the teacher holds about mathematics, about teaching and learning

mathematics and about the context in which it takes place (Tann, 1993).

1.5 SOME NOTES ON METHODOLOGY

The beliefs and conceptions that the teacher holds are highly personal in nature and do

not easily lend themselves to empirical investigation. Various quantitative and

qualitative methods have been used to study beliefs and conceptions. These include

Likert-scale questionnaires, interviews, classroom observations, stimulated recall

interviews, linguistic analysis of teacher talk, paragraph completion tests, vignettes

and concept mapping exercises (Thompson, 1990).

In this study various interpretative approaches for data collection and analysis

employing both quantitative and qualitative methods were applied. Data was collected

through a questionnaire, semi-structured interviews, repertory grid analysis and lesson

observations.

The selection of lesson observations can be justified in terms of the window that it

provided on the teacher's "enacted" conceptions, while the semi-structured interviews

8
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gave the researcher access to the teacher's "espoused" conceptions. The enacted-

espoused dichotomy has been proposed by Ernest (1991) to explain the discrepancies

found in what teachers say and believe and what was observed. The rationale for

inclusion of a repertory grid is that it is a simple construct elicitation technique

devised by George Kelly (1955). It is more structured than the interview or lesson

observations, but less so than the questionnaires which comprise the fourth instrument

that was used.

1.6 THE RESEARCH QUESTIONS

The transition from a content-based to an outcomes-based curriculum requires a major

shift in how mathematics is supposed to be taught and learned. We know from past

experiences that reform documents and agendas for change do not themselves bring

about change in teaching and learning. It is up to the teachers at the chalk face to

reconceptualize their roles in the classroom to meet the new challenges posed by

outcomes-based education. Reshaping the teaching and learning of mathematics

requires, inter alia, a change in the teachers' conceptions about what it means to teach

and learn mathematics. What is crucial here is the way in which the learning

envrionment is structured.

The following specific questions guided this study:

1. What are the conceptions of primary school mathematics teachers' about

mathematics, the teaching and learning of mathematics and the influence of the

context on the way the learning environment is structured?

2. To what extent and in what direction can these conceptions be changed through a

structured learning experience where teachers participate as active learners?

9
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3. What are the conceptions of primary school mathematics teachers' about

mathematics, the teaching and learning of mathematics and the influence of the

context after a structured teacher learning experience?

4. What are the features of the conceptual change process?

1.5 OUTLINE OF THIS THESIS

Chapters 2 - 3 form the background and framework of this study. Chapter 2 is about

the personal theory as interpretative framework of the mathematics teacher. The

development and components of such a personal theory will be discussed. The notion

of a conception is operationalised and conceptions of mathematics, of teaching and

learning and of the influence of the context will be discussed. In chapter 3 the notion

of teacher learning and conceptual change is discussed. Two perspectives on teacher

learning are discussed and a multiple perspective proposed.

Chapter 4 describes the intervention and support programme for teacher learning.

Chapter 5 is a description of the development of the instruments, while the findings

are documented in chapters 6. In the last chapter (7) the results are related to the

research questions and the chapter is concluded with a discussion on the signifcance

and limitations of this study.

10
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CHAPTER2

THE TEACHER'S PERSONAL THEORY OF MATHEMATICS EDUCATION

2.1 INTRODUCTION

The teacher's interpretative framework has been called the teacher's personal theory

of mathematics education. Furthermore, this theory has been described as composite

of beliefs and conceptions, knowledge and understandings, values and attitudes as

well as images which separately and collectively determines the teacher's actions and

thinking.

In this chapter these aspects of the teacher's personal theory will be addressed.

Special attention will be given to the teacher's conceptions to distinguish it from the

other components of the teacher's personal theory. However, it must be emphasized

that these components can be distinguished but not separated. The teacher's

conceptions of mathematics, teaching and learning and the context will be

operationalized. The chapter will also include a discussion of the learning area

Mathematical Literacy, Mathematics and the Mathematical Sciences (MLMMS) as a

philosophy of mathematics education.

2.2 DEVELOPMENT OF A PERSONAL THEORY OF MATHEMATICS

EDUCATION

Il

A personal theory usually exists on an implicit or "common sense" level and relate to

life-experiences that a person draws upon to guide action (Calderhead, 1987). In this

sense it differs from a public theory, such as Personal Construct Theory. Public
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theories are organised systems of ideas that are in the public domain and can be

challenged for meaning and validity. Personal theories are in people's minds that they

use to explain or interpret experiences. It may be difficult to articulate and hence

difficult to unearth and examine. Argyris (1976) has proposed a distinction between

espoused theory as the "official theory" one holds and theory-in-use as the implicitly

held theory that drives action. Furthermore, there may be seome tension between

these two theories.

The teacher's personal theory of mathematics education is generated from various

sources in many different settings: from teacher education, the teacher's interaction

with other persons (colleagues, learners, parents, subject advisors, etc.), from events

and constraints that constitute the teacher's work context, and from the teacher's

recollections of what it means to be a learner in the mathematics class. Of the latter

exemplary models of teachers and learners seem to have the most significant impact.

Teachers often extrapolate from their own experiences as learners, assuming that the

learners they teach will have aptitudes, problems and learning styles similar to theirs.

A personal theory develops from reflection on personal experiences and in the

encounter with other school-based sources of theories. A teacher may encounter other

teachers or even learners' personal theories, whether or not they recognize them as

such. When the reflection reaches a stage of formalisation and is confronted with

other public theories of mathematics education, it may become a personal philosophy

of mathematics education (Furinghetti, 1996). The latter also differs from a personal

theory in the sense that it is an intelligible description that is coherent and consistent.

12
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This means that it is free of contradictory statements and the statements are

interconnected through co-referencing.

c

o
N

T

E

X

T

Reflection

Personal experience

Fig. 2.1 Development of personal theory

The personal theory of mathematics education imposes on the teaching and learning

situation a framework of what the mathematics teacher sees as possible. It represents

the teacher's interpretation of the roles and strategies available to him! her within the

classroom situation. By eliciting teacher's theories of mathematics education, it

allows us access to the teachers' ways of conceptualising mathematics, teaching,

learning and the influence of the context.

A personal theory of mathematics education is centred on the following questions:

a. What is mathematics?

b. How should mathematics be learned and why should it be learned?

c. How should mathematics be taught and why should it be taught?

13
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d. How do issues of values and the milieu affect the teaching and learning of

mathematics?

2.3 THE COMPONENTS OF A PERSONAL THEORY OF MATHEMATICS

EDUCATION

2.3.1 The teacher's knowledge

Few would dispute the assertion that the teachers' knowledge should be one of the

starting points for a critical analysis of mathematics teaching and learning. However,

there is no unanimity on what constitutes critical knowledge or even how to classify

the teacher's knowledge. Schwab's (1978) distinction of the four commonplaces of

teaching: subject matter, teachers, learners and milieu offer some assistance to

identify the dimensions of teachers' knowledge. Cooney (1994), in a review of pre-

service and in-service teachers' knowledge has suggested that the three domains of

knowledge needed by teachers are Mathematics, Pedagogy of mathematics and

Students.

Various studies have focused on the structure of the teacher's knowledge. Elbaz's

(1983) study of the teacher's "practical knowledge" distinguished between rules of

practice and more abstract principles of practice, the use of which largely depends on

reflection, and the images of what good teaching is all about. Brown & McIntyre

(1988) used the term 'professional craft knowledge' to describe the teacher's

knowledge. They studied the consequences of teachers' actions and decisions upon

learner actions and outcomes in order to define effective teaching and learning to

elicit the knowledge, the professional craft knowledge that informs everyday

classroom teaching. Eraut (1994) classified the professional knowledge of teachers

14
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into technical and practical knowledge. Practical knowledge is only expressed in

practice and only learned through experience with practice. Technical knowledge is

capable of written codification

Shulman (1986, 1987) in his typology of teachers' knowledge proposed a minimal set

of seven distinct knowledge categories - knowledge of subject matter, of curriculum,

of learners, educational aims, of other content, pedagogical content knowledge and

general pedagogical knowledge. Of these, the teachers' subject matter knowledge

(SMK) and pedagogical content knowledge (PflK) have held particular appeal for

researchers to understand the knowledge base of teachers. peK is described as

knowing the ways of representing and formulating subject matter that makes it

comprehensible to others as well as what makes the learning of specific topics easy or

difficult (Ball, 1988, Wilson et. al., 1987, Even et. al., 1996). SMK refers to personal

knowledge and understanding of facts, concepts and principles and the ways in which

they are organised, as well as knowledge about the discipline (Ball, 1988, Wilson et.

al., 1987, Even at. al., 1996).

Research on teacher's knowledge has generally painted a picture of a deficient

knowledge base. After reviewing several studies about teachers' knowledge of

mathematical content, Brown et. al. (1990) concluded that the teachers did not possess

the level of mathematical understanding that is necessary to teach for conceptual

understanding. Orton (1988) in an investigation of teachers' knowledge of

representations of fraction concepts found that most teachers relied heavily on

procedural and symbolic representations rather than a representation that would

promote conceptual understanding. Steinberg et. al. (1985), in their study of the

15
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interrelationships of the teachers knowledge found that teachers whose mathematical

knowledge was more inter-connected and conceptual were also more conceptual in

their teaching.

The study of teacher's knowledge has in itself become a focal point in studies on

teacher learning (Ball, 1988, Even & Lappan, 1992). They have called for change in

the content of teachers' knowledge - it should be less algorithmic and more

conceptual. Fennema et. al. (1996) have also taken a knowledge-based approach to

teacher learning by seeking to effect changes in teachers' practice by offering them

research findings about how children develop an understanding of certain

mathematical concepts. The teachers are then invited to reflect on how these research

findings can inform their work with learners. They also sought to provide support to

teachers in their efforts to incorporate this knowledge in their classroom teaching.

It is our contention that teacher's knowledge cannot be separated from other cognitive

and affective constructs that individually and collectively impact on the teacher's

practice. Although there is not quite consensus on what critical knowledge is

necessary to ensure conceptual understanding in learners, research indicates that

knowledge of mathematics, of teaching and learning and of the context are important.

2.3.2 The teacher's images

Every teacher also holds images of mathematics and of the teaching and learning of

mathematics. An image is a kind of mental picture, or visual or other representation,

originating from past experiences with mathematics, or from talk with colleagues or

other representations of mathematics, as well as the associated beliefs, attitudes and

16
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conceptions (Thompson 1996, Rogers, 1992). Cognitively it relates to a person's

knowledge, beliefs and other cognitive representations. Affectively, it is associated

with emotions, feelings and attitudes. Images entail fragments of past experiences of

affective nature, such as fear, enjoyment, as well as fragments of past cognitive

experiences like deciding, inferring, imagining, etc.

While the previous description emphasizes images as individual constructs, the

following one highlights the social influence. "Image of mathematics is

conceptualised as a mental picture or view of mathematics, presumably derived as a

result of social experiences, either through school, mass media, parents or peers"

(Sam & Ernest, 1999, p. 2). This description is also understood to include all visual

and metaphorical images and associations, attitudes and feelings related to

mathematics and mathematics learning experiences.

Images are essentially metaphorical and metaphor analysis is often used in this kind

of research. Kelly and Oldham (1992) in their study of the images of mathematics

education of primary school teachers found that the metaphor best describing their

experiences was a racecourse round which students and teachers had to gallop,

generally jumping hurdles on the way. Each hurdle was associated with problem-

solving experiences. Insofar as mathematics teaching is concerned, Sfard (1994), has

popularised the metaphors of learning as acquisition and learning as participation.

2.3.3 The teacher's attitudes, values and emotions

The interest in affect in mathematics education became a focus of research during the

1980s (Lester, Garofalo & Croll, 1989). Simon (1982) has suggested the use of the

17
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term affect to describe affective variables that are beyond the domain of cognition.

McLeod (1992) in his conceptualisation of the affective domain includes beliefs,

attitudes and emotions as descriptive of a wide range of affective responses in

mathematics. Beliefs and attitudes are regarded as more stable affective responses,

while emotions may change rapidly.

The following can be summarised as the main results:

• The affective domain is inseparable from the cognitive domain. Affective

responses depend on one's experiences, which consist of factual knowledge,

interconnected and influenced by affective variables generated by the specifics of

the situation under which the individual passed through that experience.

• The development of attitude is the result of a long experienced-based process, but

once formulated it has a degree of stability and intensity. It may change if the

individual is faced with conflicting new experiences in terms of knowledge andl

or emotions.

• Teachers' attitudes towards mathematics and teaching playa significant role in

shaping instructional practice and consequently influence the learners' attitudes,

motivation and achievement (pajares, 1992).

• Studies indicate that learners develop negative attitudes in high school (Smith,

1988). When these learners become teachers, they teach a subject that they dislike

and inculcate this attitude in a new generation of learners.

18

2.3.4 The teacher's beliefs

In the definitions of beliefs in the literature, there is no common line. Schoenfeld

(1992) defines beliefs as the individual's understandings and feelings that shape the
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way that the individual conceptualizes and engages in mathematical behaviour. Hart

(1989) describes beliefs as the ability to reflect on certain types of judgements about a

set of objects. For Pajares (1992), beliefs are incontrovertible truths held by

everyone, derived from experience or from fantasy, with a strong affective and

evaluative component. Pehkonen (1995) describes beliefs as composed of subjective

(or experienced-based) implicit knowledge and feelings on mathematics and its

teaching and learning. What these descriptions have in common is that all stress the

cognitive and affective components of beliefs.

The literature offers some approaches on the organisational structure of beliefs.

Beliefs always come in sets or groups, never in complete independence of one

another. The term belief system or belief set is often used as metaphor to describe the

structure of beliefs. Green (1971) has referred to this arrangement of beliefs in small-

encrusted clusters with a protective shield around them, as a cluster structure. He also

proposed two additional dimensions of belief systems. The psychological centrality of

beliefs determines the strength with which they are held. Beliefs can be held with

varying degrees of conviction. Central beliefs are held with more conviction than

peripheral beliefs.A belief system also has a quasi-logical nature that expresses the

(il)logical nature of relationships among beliefs. Abelson (1979) proposed the terms

primary and derivative beliefs where the latter derives from the former and are unique

to a person.

The highly personal nature of beliefs suggest an association with the affective

domain, rich in feeling and subjectivity (Ernest, 1989). These beliefs are not static,

but dynamic and open to change. Individuals are constantly challenged to change their
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existing beliefs as they are confronted with new experiences. At the same time these

beliefs can be very resistant to change, even in the face of compelling evidence to the

contrary.

Beliefs have a very strong propositional nature and states that something is either true

or false. However, there are no generally accepted standards for evaluating beliefs.

This implies that beliefs are disputable. Whereas knowledge may be justified through

objective proof or by consensus of informed opinion, the same cannot be said of

beliefs. The disputable nature of beliefs means that two totally opposing beliefs about

the same issue may be equally valid.

Beliefs are not static, but change because of new experiences. Gardenfors (1988)

motivates the reasons for change as follows: " ... many of the things we accept as

certain are not well founded - we believe things because of prejudice, because of

faulty inferences, or because we trust too many authorities" (Gërdenfors, 1988, p. 11).

He also suggests that there are three ways in which a belief set can change:

• Expansion - when a new belief is added to the existing set of beliefs.

• Contraction - when an existing belief is removed.

• Revision, the process of updating a belief set to maintain consistency after an

expansion or contraction

20

Pehkonen & Tomer (1996) has identified the following ways in which a belief system

influence the teacher's actions and thinking:

a. It acts as a regulating system for the teacher's knowledge structure. The

mathematics teacher therefore acts and thinks within this framework.
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b. It acts as an indicator of the kinds of experience that the mathematics teacher has

had.

c. It acts as an inertia force for change, thus explaining the mathematics teacher's

resistance to change. Beliefs act as a filter for the knowledge acquisition process.

d. It has a prognostic character in the sense that teachers, who view mathematics and

mathematics teaching as transmission of content, may have an ignorant attitude

towards problem solving.

2.3.5 The teacher's conceptions

Thompson (1992) sees conceptions as a more general mental structure that

encompasses beliefs, meanings, concepts, propositions, rules, mental images and

preferences. For Pehkonen (1995), conceptions are a sub-class of beliefs. He uses the

term conceptions for the consciously held beliefs, thus distinguishing them from the

primitive or sub-consciously held beliefs. While conceptions stress the cognitive

component, primitive beliefs emphasize the affective. The interpretation of Pehkonen

is the preferred one in this study because it also focuses the attention on the existence

of sub-conscious or primitive beliefs that are difficult to access. According to

Furinghetti (1994) these primitive beliefs may figure as "ghosts" in the teacher's

practice.

The mental model of conceptions depicts it as tangible inside-head constructs made

up of structured propositional patterns. Researchers working from a

phenomenographical perspective have proposed an experiential model for conceptions

(Linder, 1993). According to this model, conceptions are depicted as characterisations

of person-world relationships. It refers to the ways in which the individual acts in
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concert with the evironment and the changes that the environment undergoes as a

result of the actions of the participant. Used in this sense, a conception has both

structure (how attribute) and meaning (what attribute).

While the mental model emphasizes the individual's role, the experiential model

emphasizes the context. The mental model gives primacy to information structures

and the experiential model gives primacy to social interactions. Syntheses of these

two models leave us with a description of conceptions as mental constructs that are

products of activity and context. Conceptions are individual constructs that are

mediated by the context and the nature of activities in which the individual partakes.

Conceptions evolve gradually over exposure to related experiences.· They are

experiential, individually constructed, and rather tentative in the sense that they are

subject to change according to new input information. The genesis and development

of conceptions depends on multiple factors, primarily on the conditions under which

one is involved in mathematical activities. Societal values, the learning environment,

the quality of experiences, self-confidence, etc. therefore influence the development

of a conception. Although one can speak of a conception of mathematics, this

conception may be composite of other conceptions.

Research on teachers' conceptions have focused on three distinct areas:

• the substance of teachers' conceptions (Helms, 1989),

• the relationship between teachers' conceptions and instructional practice

(Thompson, 1984),
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• the phenomenon of changing teachers' conceptions (Simon & Mazza, 1993;

Schramm, et. al., 1988).

Quite a number of studies on the substance of teachers' conceptions have targeted the

conception of mathematics that teachers hold. Lerman's (1986) distinction between

absolutist and fallibilist views, Skemp's (1978) distinction between relational and

instrumental understanding and Perry's (1970) scheme of intellectual and ethical

development have all been used to classify teachers' conceptions of mathematics.

The growing realisation in mathematics teachers' conceptions has led to studies on

how these conceptions change. Schramm et. al. (1988) examined the changes in pre-

service teachers' conceptions about mathematics, mathematics teaching and learning

as they progressed through an innovative mathematics course. Changes were reported

in the participants' conception of the nature of mathematics, of the structure of

mathematics class and the process of learning mathematics.
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2.4 SYNTHESIZING THE PERSONAL THEORY OF MATHEMATICS
EDUCATION

I Mathematics Teacher's actions and thinkin2 I
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I Teacher's pers(lnal theory of mathen atics education I

I
1Conceptions Primitive I

I IKnowledge r Beli fs I I nages Affi ct.~
l

~;.J'/lj!l!llP:;~',i' il;l'lll!:~~'iJ;iill,K tREFll1H 1I COGNITIVE AFFECTIVE

Fig. 2.2 The components of a personal theory of mathematics education.

The teacher's knowledge refers to the network of concepts, images, and intelligent

abilities that all human beings possess. Beyond strict rationality we enter the domain

of beliefs which guide our courses of action and decision-making. Beliefs differ from

knowledge in terms of their inertia force, their quasi-logical nature and the fact that it

can be held with varying degrees of conviction (psychological centrality).

Conceptions are the consciously held beliefs that we can make explicit through

examples or statements. Primitive beliefs are the inaccessible beliefs that cannot be

articulated but may figure in the teacher's actions and decisions. Images are mental

representations that also have an affective and cognitive component. Affect refers to

attitudes, values, emotions, etc. that are all beyond cognition.
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2.5 RELATING THE TEACHER'S BELIEFS AND CONCEPTIONS TO

PRACTICE

The relationship between the teacher's beliefs and practice has captured the interest of

many researchers over the last decade. The results of these studies are by no means

unanimous. Some studies have highlighted the disparity between professed and

enacted beliefs (Raymond, 1997), while others argue that no such relationship exists

as beliefs are situated (Hoyles, 1992). However, the majority of studies have indicated

that some form of relationship exists between the teacher's beliefs and her practice.

Thompson (1984), in her seminal work on this relationship, found that the teacher's

beliefs, views, and preferences about mathematics and its teaching played a

significant, albeit subtle role in shaping instructional behaviour. Sierpinska (1994)

clarified this relationship further when she identified the teacher's epistemology about

mathematics as a discipline and about teaching and learning of mathematics as crucial

elements in classroom organisation. Greeno (1989) echoed this focus on conceptions

of mathematics, teaching and learning as primary determinants of the activities that

teachers carry out in their efforts to teach.

The teacher does not exist in isolation and the context in which the teacher operates

must also be taken into account. Ernest (1991) in commenting on the espoused-

enacted beliefs distinction has drawn attention to possible mediating factors and social

constraints that regulate the extent to whichthe teacher's priorities may manifest them

in the classroom. Ensor (1998) has called for studies on teacher beliefs and

conceptions to foreground the context in which the teacher is inserted as each context

may have different criteria for competence and evaluative conditions for competency.
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It is therefore clear that the teacher's beliefs about mathematics, about teaching and

learning and the role of the context are crucial determinants in this relationship

between beliefs and practice.

Any analysis of the mathematics teacher's conceptions should focus on the

conceptions of mathematics, conceptions of teaching and learning mathematics and of

the context that the teacher holds.

2.6 OPERATIONALIZING CONCEPTIONS

2.6.1 Development of a conception

Conception has links with concept and conceptual. Concepts express ideas, a general

ideal representation of a class of objects, based on their common features. Concepts

have distinct features through which their meanings are defined. According to White

(1994) a concept can be used as a means of classification. Having the concept

"square" means that one is able to classify objects into squares and not squares.

Concept can also be used as association where a person associates all the knowledge

about a particular concept with it. A conception is more complex and difficult than

either of the two definitions of a concept. Conceptions are systems of explanation and

can be regarded as the underlying organizing frame for concepts.

Psychologists believe that concepts develop through three levels: sensation, cognition

and reinforcement. Sensation is the experience of raw data, for example observing

objects that have four sides. When the different stimuli are grouped together through

cognitive processing, a concept is formed. Reinforcement comes in when the concept
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is identified in a different setting and this rewarded. For example, when a square is

identified in a collection of quadrilaterals and reward is given in the form of praise.

Human rationality, seen as the capacity to formulate logical reasoning, defme precise

concepts and to organize it in a coherent way. Concepts are descriptive entities and

can be used to classify objects. For example, the concept square allows one to classify

objects as squares or not. Concept also refers to the knowledge, mental pictures and

recollections that one has about a specific object. Conceptions provide a means of

organizing these concepts. In this sense, they are systems of explanation (White,

1994). A conception is a means of seeing the world, of thinking. Conceptions can

therefore be revealing about the basic cognitive constructs that underlie thinking.

A conception is a multi-dimensional construct consisting of both affective and

cognitive components. It evolves gradually over time in many different settings and

is subject to change according to new input information. The genesis and

development of a conception is idiosyncratic, but influenced by contextual factors.

That is, a conception derives from personal experience like success and failure, but is

co-determined by the values and attitudes of family and the society at large. A

conception is a broad psychological construct that encompasses consciously held

beliefs and attitudes intertwined with cognitive elements. Conceptions are dialectical

constructs, products of activity, context and culture. (Hoyles, 1992).
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CONCEPTION

Images Affect CulturalKnowledge Beliefs Social

Fig. 2.3 How a conception is formed

Entwistle (1998) has proposed that the term conception be used to refer to a set of

interrelated experiences, ideas, knowledge and feelings, which together allow teachers

to reflect on their practice. Conception can refer to a single construct, for example

having a conception of what it means to know mathematics. It may also refer to a

collection of other conceptions. For example, a conception of mathematics teaching

and learning may be composite of other conceptions of mathematics, of mathematics

teaching and learning and of the social context. What is important is that a conception

is a means of organizing and explaining one's experiences.

Thompson (1991) proposed a hierarchical scheme for the development of conceptions

of mathematics education. Her framework consisted of three levels that can be viewed

as a typology of conceptions of mathematics education. The main features are

summarised in the following table.
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Conception of Teacher's role Learner's role

Mathematics

LevelO Facts, rules and Demonstrates the rules Imitate and practice

procedures. the rules.

Levell Still rule-base but Different Engage in practical

meaning behind rules representation and use work to discover the

become important of manipulatives meaning

Level2 It is created by the Steer learner's Engage in

interaction between thinking in mathematical

learners and teacher. mathematically investigation. Must

productive ways. express own ideas.

2.6.2 Conceptions of learning

The teacher's conception of what constitutes learning includes an implicit

epistemology or view of knowledge. Primarily such an epistemology must deal with

the questions: "What does it mean to learn mathematics?" and "How should

mathematics be learned?" The teacher's conceptions of learning may range from

absolute to tentative, from fractured to integrated or from fact-based to theory-based.

We may also regard it as a continuum with a view of knowledge being "deposited"

into "empty" minds on one end of the spectrum and learning as the construction of

meaning from experiences at the other end.
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Researchers who have used phenomenography have developed literature discussing

the significance of conceptions of learning as qualitatively different understandings.

Perhaps the best known of these is the study by Marton & Saljo (1984) which gave

rise to the distinction between deep and surface approaches to learning. Briefly the

surface approach involves reproduction and recall, while the deep approach

emphasizes meaning and understanding.

Other studies have described the existence of a number of qualitatively different

categories of conceptions oflearning (Siiljo, 1979;Marton, DalI'Alba & Beaty, 1993).

It has also been argued that these categories represent a hierarchical series of

conceptions.

• Learning as increase of knowledge.

• Learning as memorization and reproduction.

• Learning as the application of facts, procedures

• Learning as abstraction of meaning (understanding).

• Learning as an interpretative process aimed at understanding reality.

• Learning as changing as a person.

The first two of these conceptions are related to surface learning, the last three to deep

approaches to learning, with the third somewhere in between (Marton & Sëljo, 1984).

Glencross et. al. (1997) in a study of 17University ofTranskei first year Mathematics

students' conceptions of learning mathematics found that 82,4% of the responses

could be classified as surface approach, with 17,6% being classified as deep approach
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to learning. In a similar study in Australia, 82% of responses were in the surface

approach category and 18% in the deep approach category (Crawford, et. al., 1994).

The conception of learning as stocking up on knowledge and of teaching as

transferring such knowledge to the empty vessels alias students has been thoroughly

criticized. Two alternatives that have gained significant ground among mathematics

education researchers, constructivism and learning as peripheral participation, will be

briefly discussed below.

Constructivism, as an epistemological theory, derives from a philosophical position

that human beings do not have access to a reality that exist independent of our way of

knowing. We construct our knowledge of our world from our perceptions and

experiences, which are mediated, through our previous knowledge. Knowledge is

therefore not passively received from others, or from authoritative sources, but is

constructed as the learner makes sense of the experiential world. Learning is viewed

as a process that happens internally in the learner. Learning takes place when the

learner incorporate new experiences into existing mental structures and reorganizes

these structures to handle more problematic experiences (Kilpatrick, 1987). A

constructivist approach to learning view knowledge as personal and socially

constructed, rather than "objective" and revealed; theories are provisional, not

absolute.
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According to Shuell (1988), constructivism calls for a conception of learning as

active, as construction of new knowledge, as cumulative and as goal-oriented. It

challenges a conception of learning as the passive reception of information from the
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knowledge store of the teacher. It also challenges the view of learners as irrational

and unknowing, and proposes a view of learners as cognizant-beings with well-

developed theories. Formal exploitation of this knowledge is important in order for

learners to articulate and clarify their understanding and a process of formative

assessment to ascertain the teaching and learning needs of the learners. Similarly, the

learner's misconceptions become a focal point because they are regarded as naive

constructions of the learner.

Another view of learning that has gained significant ground is learning as legitimate

peripheral participation with apprenticeship as the standard metaphor (Lave &

Wenger, 1991). Within this view on learning, the learner is connected to a certain

practice but is not yet a full participant. This is, however, accepted, so that the learner

gets to participate in the practice in a more ·peripheral sense, but gradually moving

towards full participation, that is, learning. Learning as peripheral participation calls

for the placement of everyday practices in the mathematics classroom to allow

learners to use their everyday thinking and methods. Within this perspective the

teacher perceives that the learners make their own interpretations of the practice that

leads to eventual legitimate peripheral participation.
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Some studies on conceptions of learning have also focused on the cultural, linguistic

and academic context variation in these conceptions. Dahl & Watkins (1997) have

found that for Chinese students the contents of what they are memorising is seen as

important and repetition is a significant contributor towards understanding. Western

students on the other hand saw memorisation as a form of "mental gymnastics" where

the content is unimportant. Purdie, Hattie & Douglas (1996) suggested that
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conceptions of learning might be related to the "individualist" or "collectivist"

background of the learners. In a collectivist background learning is more conceived as

having social and moral dimensions. Meyer (1995), for instance, found in a study on

conceptions of learning of Black South African engineering students a conception of

learning with notions of "empowerment".

It is contended here that the teacher's conceptions about learning can be

operationalized in terms of:

1. How learners become competent (thepractice of learning)

2. What does it mean to be competent (the nature of learning).

While the practice refers to conceptions about learner abilities, strategies and

understandings, the nature refers to the methods selected, links as well as the type of

problems selected.

2.6.3 Conceptions of teaching

The widespread interest in alternative theories of learning has drawn focus on

teaching strategies that will support the different types of learning. The perception of

teachers as implementers of prescribed pedagogy and curriculum have given way to

those of the teachers as reflective practitioner whose teaching is shaped by espoused

beliefs and by practice itself (Hoyles, 1992).

A conception of teaching mathematics must start with the nature of teaching

mathematics. It must provide answers on how the teacher sees her teaching role and

what she believes are the best ways to follow in support of learning.
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Several phenomenographic studies have focused on conceptions of teaching

underlying teaching practices (Trigwell et. al., 1994, Biggs & Moore, 1993). The clear

message from these studies is that some conceptions of teaching are preferable to

others or as Biggs and Moore argue "the conceptions are hierarchical" (p. 25).

Conceptions of teaching that assist learning as autonomous construction of knowledge

are more valued. Furthermore, there is growing consensus that teachers' conceptions

of teaching run parallel to those describing learning. The categories for conceptions of

teaching are:

• Teaching as imparting information.

• Teaching as transmitting structured information (from teacher to learner).

• Teaching as interacting with learners.

• Theory as facilitating understanding.

• Teaching as bringing about conceptual change.

In the 1990s four phenomenographic studies reported on teachers conceptions (Martin

& Balla, 1991, Dali' Alba, 1991, Pratt 1992, Samuelowicz & Bain, 1992). Some of the

conceptions highlighted in these studies are:

• Teaching as supporting student learning

• Teaching as encouraging active learning

• The nurturing conception: facilitating personal agency

• The social reform conception: seeking a better society.
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Both constructivism and learning as peripheral participation do not define specific

ways of teaching. The important point is not whether teaching is, for instance,

constructive or situated but rather whether it supports the leamer's way of learning.

Confrey (1990) has suggested that the main function of the teacher in a constructivist

approach is establishing a mathematical environment in which the learners will

explore and raise questions. Cobb, Wood and Yackel (1993) have described this as a

dual role of fostering the development of conceptual knowledge among learners and

facilitating the constitution of shared knowledge in the classroom community.

Ball (1993) has highlighted the importance of an appropriate representational context

or problem-context in a constructivist approach to teaching. Steffe & Wiegel (1993,

17) place the emphasis on the teacher's mediating role when they assert that

The most basic responsibility of constructivist teachers is to learn
the mathematical knowledge of their students and how to harmonize
their teaching methods with the nature of that mathematical
knowledge.

Kuhs and Ball (1986), in a study of both pre-service and in-service teachers'

conceptions, have identified four distinctive conceptions on how mathematics should

be taught:

• Learner-focused which focuses on the leamer's personal construction of

mathematical knowledge;

• Content-focused with an emphasis on conceptual understanding which is content-

driven but emphasizes conceptual understanding;
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• Content-focused with an emphasis on performance which focuses on learner

mastery of mathematical rules and procedures;

• Classroom-focused which is focused on effective classrooms.

The two key issues that emerge on the teacher's conceptions are:

1. How does the teacher see his/ her role?

2. What is regarded as an appropriate representational context?

These issues form the basis for the operationalization of the teacher's conception of

teaching.

2.6.4 Conceptions of mathematics

Several studies have pointed to the importance of the teacher's conceptions of

mathematics. Pateman (1989, p. 12) stated that ''we teach [mathematics] in a

particular manner because we believe something about the nature of mathematics."

Dossey (1992) concurred with the emphasis on conceptions of the nature of

mathematics, but also added the "role of mathematics in society" as having a major

influence on the development of school mathematics (Dossey, 1992, p. 39). A

conception of mathematics must include conceptions of mathematics as a discipline -

what mathematics is really about.

Lerman (1986) has coined the terms absolutist and fallibilist philosophies of

mathematics that has become a focal point for research on conceptions of

mathematics. From an absolutist perspective, all of mathematics is based on universal,

absolute truths that are value-free and have only platonic connections to the real

world. Among twentieth century perspectives in the philosophy of mathematics,
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Logicism, Formalism, and to some extent Intuitionism and Platonism, may be said to

be absolutist (Ernest, 1991). An absolutist conception may be communicated in

school by giving the learners mainly unrelated routine mathematical tasks that involve

the application of learned procedures, and by stressing that every task has a unique,

fixed and objectively right answer.

In a fallibilist perspective, mathematics develops through conjectures, proofs and

refutations and the results of mathematics are always open to revision (Lakatos, 1976,

Kline 1980). According to Davis and Hersh (1980), fallibilism emphasises the

practice of mathematics and the human side of mathematics. Mathematics is seen as

the outcome of a social process. This view embraces as philosophical concerns the

practice of mathematicians, its history and applications and the place of mathematics

in human culture. A fallibilist conception may be communicated in school by

presenting mathematics as active, intuitive, collaborative and related to human

situations.
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The emphasis on the human culture raises an interesting question on the aspects by

which criteria mathematics may be recognized in another culture. It is contended here

that mathematics may be recognized as:

a. an activity, where an individual or group is engaged in a creative act;

b. a process, where an observer reacts to the activity of the individual or group;

c. a product, which are the artefacts, writings or learnt skills residing in the

individual or group.
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Bishop (1988) described the process by which learners are introduced to mathematical

activities as mathematical enculturation. This enculturation is a reconstructive activity

(Neyland, 1999). The learners are thought of as a fledgling community that is being

enculturated into the expert mathematics community. Enculturation involves learning

the concepts, orientations, values and processes of the expert community, and seeing

none of these as beyond examination and revision. It also involves the learning of the

way ideas are explored; the processes of generating, justifying and validating

knowledge.

In line with the exposition above, the teacher's conception of mathematics should

include at least the following questions:

• What is the nature of mathematical knowledge and how is it justified?

(Epistemological view).

• What is the nature of mathematical objects? (Ontological view).

• What is the domain of applications of mathematics?

• What are the elements of mathematical practice?

Streefland (1988), in an analysis of teachers' views and practices of mathematics,

classified the different conceptions of mathematics into four groups.

• The structuralist conception that sees mathematics as a structure, a complete

building. Mathematics is an organized, closed deductive system. This structure of

mathematics is the key to learning mathematics.

• The mechanistic conception views mathematics as a system of rules. These rules

must be given to learners to verify and apply in similar situations as the examples

given. Much attention is given to memorization and automation.
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• The empiricist conception pays much attention to environmental activities. The

acceptance is that a stimulating environment will lead to the development of

cognition. Consequently there is a lot of practical activities, for example paper

folding, which are all directed at formalizing mathematical results.

• The realistic conception is dominated by the place of contextual problems. It

emphasizes the contributions of the learners (constructing, reflecting, participating

and integrating). It is also characterised by the development of situation models

that will assist the learner in mastering more complex material. Finally, the

different learning strands are integrated.

2.6.5 Conceptions of the context

In the literature on mathematics education there is an increasing awareness of the

importance of the context in which the teacher operates. The way in which school and

community environments are structured, and teachers' subjective interpretations of

them influence the teachers' beliefs about teaching and their classroom practice. One

cannot understand the teacher's actions completely without looking at the conditions

that support or limit that teaching.

Jones (1997) identified three characteristics of context that are pertinent to a study on

teacher change- context is functional, explanatory and interactively constructed.

• Context is functional in the sense that it helps people build meaning from

experiences. The meaning that is attached an experience is inferred from its

relationship with the surrounding environment.

• Context is also explanatory. Here context is interpreted in terms of the conditions

that support or limit teaching. Issues that would have to be accounted for are the
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conditions of the classroom, the school ethos, resources available, educational

policies that govern the school, relationship with the community, and so on.

• Context is interactively constructed which emphasizes the personal character. The

context is interactively constructed through the discourse that takes place in a

classroom, the interaction between learner and teacher as well as learner and

learner and the methodology and instructional goals that the teacher identifies as

appropriate. In this regard the classroom itself may be regarded as a social context

in which mathematical knowledge is negotiated and constructed (Bauersfeld,

1992).

Nespor (1984) in a study on the explanatory nature of context found that the school

setting, as well as the social and economic characteristics of the school environment,

had a significant impact on teachers' beliefs. Geertz (1983) has called for any attempt

to understand the individual or group of people to take into account what is common

knowledge among the local community. Warren (1987) included cultural norms,

expectations and mechanisms on what is acceptable in his study of context.

What happens in the classroom is a reflection not only of the culture of the classroom,

but also of the wider society. The teacher's conceptions of the context are therefore

operationalized in terms of:

• Social context. This refers to the perceived support or constraints due to the

teacher's social relationship with colleagues, the principal, subject advisor,

schools circuit manager, parents, learners and the school governing body.

• Physical context. This refers to the perceived impact of the environment in which

the school is situated on the teacher's practice.
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2.7 MLMMS - A PHILOSOPHY OF MATHEMATICS EDUCATION

When the term philosophy of mathematics education is used, it describes a particular

belief system and is in no way connected to consideration of fundamental truth, a

meaning that is also associated with philosophy. A philosophy of mathematics

education is therefore a coherent belief system about what mathematics education is

and how it should be approached.

The definition for the learning area Mathematical Literacy, Mathematics and the

Mathematical Sciences (MLMMS) provided by the Department of National Education

in South Africa highlights the following beliefs:

• Mathematics is a human activity.

• Learners must be actively involved in the process of making sense of their

experiential world through mathematics.

• Teachers must respect the learners' needs to construct their own meanings of the

possibilities of mathematics.

Curriculum 2005, the framework for curriculum reform, proposes three types of

outcomes for each of the learning areas (See Appendix A).

• Critical Outcomes (CO's) are broad cross-curricular outcomes that are statements

of intent. It gives direction and guidance to the statement of more specific

outcomes;

• Learning Area outcomes
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• Specific Outcomes (SO's) refer to the specific knowledge, attitudes, proficiency

and competencies which should be demonstrated in the context of a particular

learning area (e.g. MLMMS).

In addition to these outcomes, the Assessment Criteria, Range Statements and

Performance Indicators are all measures of achievement and assessment. In this

section it is argued that the definition and the different outcomes specified for the

learning area, Mathematical Literacy, Mathematics and the Mathematical Sciences

(MLMMS), constitute a broad philosophy of mathematics education. This philosophy

formalizes many of the conceptions of mathematics, of teaching and learning, as well

as the context.

Conceptions of mathematics promoted by MLMMS.

MLMMS clearly promotes a fallibilist conception of mathematics. The

epistemological view is that mathematical knowledge is contested and therefore

fallible and open to revision. It highlights the human side of mathematics by regarding

mathematics as a human activity.

Ontologically, mathematics is associated with a set of social practices. Several of the

Specific Outcomes emphasize the process aspects of mathematics. SO #2 for instance

refers to observing, representing and investigating and SO #7 to visualization. The

assessment criteria, range statements and performance indicators promote the product

aspect of mathematics. SO #3 explicitly promotes a multi-cultural view of

mathematics while SO #5 does so implicitly.
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The domain of mathematics is clearly specified in the definition where it is stated that

it is an attempt to understand the world and make use of that understanding. SO # 3

also refers to context - the historical development of mathematics in various social

and cultural contexts.

Conceptions of teaching and learning promoted by MLMMS

Although outcomes-based education neither requires nor prohibits specific learning

theories as long as they are consistent with the meaning and content of the key

elements (Spady, 1996), the critical outcomes point towards conceptions of learning

that emphasize learner autonomy, critical reflection and social interaction. Learners

should not be introduced to mathematical activities as passive receivers but as active

participants. It is required of the learner to function effectively as part of an

interactive group or as an individual (CO #5), and to identify and solve problems (CO

#1).

Conceptions of context promoted by MLMMS

MLMMS derogates a view of mathematics as a decontextualized, static body of

knowledge. While SO # 3 refers to the historical development of mathematics in

various social and cultural contexts, the definition includes a part on mathematics as a

means of thinking, structuring, organizing and making sense of the world. The

rationale stresses the utilitarian values and specifies certain values that must be

inculcated with the study of MLMMS. Some of these values include responsibility in

protecting the environment, contribution towards the development of society's

culture, etc.

43

https://etd.uwc.ac.za/



The importance of the context is also stressed by the description of specific outcomes

as contextually demonstrated knowledge, skills and values reflecting critical

outcomes.

2.8 CONCLUSION

In this chapter it has been argued that the mathematics teacher is possessive of an

interpretative framework that is called a personal theory of mathematics education.

Such a theory is composite of distinct, but not separate, components that mutually

influence each other in determining the teacher's actions and thinking.

The teacher's conception of mathematics education, as one component in a personal

theory of mathematics education, was operationalized in terms of conceptions of

mathematics, of teaching and learning and of the social context. Finally, the

curriculum reform effort in South Africa was cast in the mould of a philosophy of

mathematics education. This was done to construct a framework of what are the

conceptions of mathematics education proposed by educational reform and to provide

a context for studying the actual conceptions held by mathematics teachers.
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We agree with Threlfall (1994) that teaching practice is influenced by many factors

other than legitimate deductions based upon a philosophy of mathematics education.

Categories such as moral values, the nature of society and political ideology, as well

as their attitudes towards teaching and learning also influence teaching. Despite this

observation, MLMMS does constitute a philosophy of mathematics education to

which all South African mathematics teachers are expected to adhere.
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CHAPTER3

CONCEPTUALIZING TEACHER LEARNING

3.1 INTRODUCTION

A fundamental assumption in this chapter is that what is known about learning applies

to teachers as well as their learners. Two perspectives on learning, the socio-cultural

and one from developmental psychology will be discussed. A synthesis of these two

perspectives leads to a discussion of a multiple view of learning. The different

perspectives will then be related to conceptual change theory and examples of how

these were applied in teacher learning programmes will also be discussed.

3.2 OPPORTUNITIES FOR TEACHER LEARNING

Teachers learn in many different ways in many different settings. Understanding the

opportunities for teacher learning, as well as the constraints, are important to develop

a realistic picture of the possibilities for lifelong learning for teachers. Becher (1996)

in his analysis identified seven opportunities for teacher learning: conferences and

courses, consulting experts, networking, personal research, learning by doing and

learning by teaching. An alternative classification would be to look at structured and

unstructured learning opportunities as well as networking opportunities for teachers.

/

3.2.1 Structured learning opportunities

Teachers learn from structured settings like conferences, workshops, teacher

enhancement seminars, etc. These programmes are often organized around specific

learning areas. For example, the Association for Mathematics Education in South

Africa (AMESA) conferences are structured learning opportunities for mathematics
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teachers. These conferences usually provide opportunities around innovations in

pedagogy and! or curriculum.

Teachers may also enrol for certificate, diploma or degree courses at either Colleges

of Education, Technikons or universities. The Higher Diploma in Education at a

College of Education is for example a second diploma course for teachers who

already have the Diploma in Education. The nature of these courses is that it covers

some general pedagogical as well as subject-specific pedagogical issues.
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Teachers also leam from their interactions with subject advisors, circuit managers and

consultants from the non-governmental organisations (NGO's). Several of these

NGO's have been active in assisting teachers to develop a wide range of teaching

skills. For example, the Primary Mathematics Project (PMP) is located at the

University of the Western Cape (UWC) and intervenes in primary schools to develop

specific skills in mathematics teachers to cope with a changed pedagogy.

3.2.2 Unstructured learning opportunities

Teachers may learn from situations that are totally disconnected from their

professional work. They learn about moral and intellectual development in their roles

as parents. They learn about youth-related work through involvement in community

projects, for example AIDS awareness.

Teachers also learn from their own practices. The characterisation of teachers' actions

and behaviours as rational and reflective, has spurned the notion of the teacher as

reflective practitioner (Schon, 1983). Whether this learning is described as
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adjustment of practice or analyzed in terms of a model of pedagogical reasoning

(Marks, 1990, Wilson et. al 1987), teachers gain new knowledge and understanding of

the teaching and learning of the subject matter and curriculum.

3.2.3 Networking

Teachers learn through their networking in interactions with other teachers. This can

take the form of formal or informal networking. Formal networking is akin to the

apprenticeship learning proposed by Lave & Wenger (1991). It occurs when an

experienced teacher takes a new teacher under his/ her wings to provide advice and

insight. Informal networking occurs through conversations in hallways, staff rooms,

and other school settings.

3.2.4 Constraints for teacher learning

There exists a poorly developed culture of lifelong learning among teachers. Most

teachers do not engage in teacher learning on completion of initial training. A plethora

of reasons could be offered for this state of affairs. Suffice to say that few

opportunities are available if measured in financial terms. There is minimal

investment in formal opportunities for continuing teacher learning. With no bursaries

available for formal studies, and with no paid relief workers to substitute for

practising teachers, the financial constraint is a stark reality for any teacher

contemplating formal studies.
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Teachers also face constraints in terms of the time that is available for learning. Often

the end of the school day is marked by involvement in extra-mural activities for

learners. If one adds to this that preparation for the next school day still has to be
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done, it is obvious that teachers face serious time constraints as far as continued

learning is concerned.

3.3 CONCEPTUAL CHANGE AND CONCEPTUAL CHANGE THEORY

The mathematics teacher has been described as possessive of a conceptual framework

that is not static but dynamic because at the centre there is an observer who must

interpret his! her experiences. These conceptions are subject to change and the process

by which these conceptions change is called conceptual change. The definition one

chooses for conceptual change depends on the model one adopts for conceptions.

Conceptual change involves both building conceptions of new experiences in relation

to past experiences and modifying conceptions which may be at variance with the

canonical explanations teachers has had for the teaching and learning of mathematics.

Conceptual change may also refer to a re-conception of an existing conception. This

re-conception is not necessarily a correction, neither does it always result in a

replacement; it may yield an alternative to an existing conception (Goodman & Elgin,

1988).
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According to Tynjalë (1998) a theory on conceptual change must specify

• What it is that is changing? Is it the nature of the concepts or facets of the

leamer's knowledge?

• What is the nature of the change? Is it weak! strong?

• What initiates conceptual change? Is it dissatisfaction with an existing conception

or is it a changed environment?
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3.4 THE DEVELOPMENT AL PERSPECTIVE OF TEACHER LEARNING

3.4.1 Overview

In the developmental perspective the focus is on investigating the experiences and

individual processes that contribute to the reconstruction of learning. Learning is

considered as an active structuring and restructuring process requiring cognitive

changes of different kinds. Meaning and understanding is located in the individual

learner's mind.

The individual is the focus of analysis and learning is viewed as a process of intra-

individual change. The developmental approach emphasizes the development of new

knowledge structures and cognitive skills. Although it also notes the importance of

contextual factors that influence the change process, the contextual detail remains

static and non-interactive with the analysis of learning.
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Within the developmental paradigm a divergence of views on learning can be

accommodated. On one end of the spectrum, learning may be viewed as the

transmission of knowledge from experts, while at the other end learning may be

viewed as individual acquisition. These two modes of learning represent two extremes

on a continuum, depending on the extent of control and autonomy that is present

(Cobb, 1987). While the conception of learning as the stocking up of knowledge has

been thoroughly criticized, the conception of learning derived from constructivism

has gained a lot of popularity among researchers.

Constructivism, as an epistemological theory, derives from a philosophical position

that human beings do not have access to a reality that exists independent of our way
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of knowing. We construct our knowledge of our world from our perceptions and

experiences, which are mediated, through our previous knowledge. Knowledge is

therefore not passively received from others, or from authoritative sources, but is

constructed as the learner makes sense of the experiential world. Learning is viewed

as a process that happens internally in the learner. Learning takes place when the

learner incorporate new experiences into existing mental structures and reorganizes

these structures to handle more problematic experiences (Kilpatrick, 1987).

Ernest (1993) makes a further distinction between different types of constructivism,

each with a different conception on active learning. Information processing

constructivism sees learning as an active process whereby new knowledge is stored in

the memory as an organized entity of elements. The typical teaching approach to

achieve this is through task analysis. Cobb (1987; 18) criticized this approach for it's

implicit assumption that the learners will "come to see the various abstract

arithmetical relationships".

Radical constructivism purports that it is not possible to know if there is an objective

reality. The conception of learning underpinning this form of constructivism is that of

constructions which are totally idiosyncratic. In the third form, social-constructivism,

the learner is viewed as a person in conversation. The social-constructivist claims that

knowledge is socially mediated. Therefore the interaction in the classroom is

fundamental to the type of understanding that the learner will construct (Cobb et. al.

1993).
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Although social constructivism attends to the importance of the social interactions. it

emphasizes the individual mind. It emphasizes the idea that conceptual learning is

enhanced with peer interaction, or more specific through peer collaboration. where the

active exchange of thoughts is required to attain new knowledge.
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3.4.2 Conceptual change

The view from cognitive and developmental psychologists is that conceptions are

mental constructions. Conceptual change is achieved through the acquisition of new

information, the re-organisation of existing knowledge and the discarding of existing

knowledge. Implicit in this model is the idea of conceptual stability.

The process of theory development by scientists has often been compared to the

development of an individual's knowledge. Kuhn' s (1962) theory of the structure of

scientific revolutions has been influential in this regard. According to Kuhn. science

does not grow by a simple accumulation of knowledge. Instead it alternates between

periods of "normal" and "revolutionary" science in its development. During a period

of "normal" science. new knowledge is accumulated by accretion, as a dominant

theory and paradigm of inquiry is followed and used as a model. Anomalies and

contradictions in the dominant paradigm lead to a period of revolution in which

competing camps of scientists promote alternative theories (including the falsified old

theory). A new theory comes to be accepted and gradually becomes the paradigm of

explanation and enquiry. In the shift to the new theory. many of the concepts involve

changed meaning (e.g. mass and length in the transition from Newtonian Mechanics

to relativity theory). Kuhn's controversial claim is that the old and new theories are
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"incommensurable" and that their supporters may not be able to understand each

other.

The analogy between Kuhn's theory of normal and revolutionary development, and

Piaget's theory of assimilation and accommodation in cognitive growth has been

pointed out. Cognitive studies of conceptual change have identified two basic forms

of learning that derive from the Piagetian concepts of assimilation and

accommodation. Posner et. al. (1985) speaks of "radical conceptual change" in the

same sense as a scientific revolution when speaking about what Piaget called

accommodation. Correspondingly assimilation type changes i.e. the mere addition of

new information to an existing knowledge structure without restructuring it, has been

called "normal conceptual change".

According to Vosniadou (1994), conceptual change is either enrichment of an existing

conceptual structure or a revision of it. Enrichment is the addition of new information

and revision takes place when new knowledge is inconsistent with existing beliefs or

presuppositions. She also proposes two kinds of theories in which concepts are

embedded. Specific theories describe the conceptual domain within which the

concepts are embedded and framework theories are the person's compilation of

ontological and epistemological presuppositions.
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Chi et. al. (1994) has classified concepts into different ontological categories: matter,

processes or mental states. Conceptual change occurs when a concept is reassigned

from one ontological category to another. To Chi et al. radical conceptual change
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means a cognitive shift across different ontological categories while "normal"

conceptual change takes place within ontological categories.

Based on the developmental model of conceptual change, Posner, et al. (1982)

suggested that four conditions are necessary for a conceptual change to occur.

• There must be dissatisfaction with existing conceptions.

• The new conception(s) must be minimally understood

• The new conception(s) must appear initially plausible.

• The new conceptions must be fruitful.

In the developmental view, conceptual change can occur in concepts, in the

relationships between concepts and in ontology. This change occurs through the

addition of new conceptions, by linking different aspects of a conception, by moving

one conception from one category of explanation to another or by constructing an

entirely new explanatory framework.
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The following diagram represents conceptual change within the developmental model.
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The learner is possessive of mental constructions and interacts with the context as a

cognizing individual. The existing conceptions may be challenged through dissonance

... cognizing

in the form of conflicts or analogies. This dissonance may be resolved through peer

Fig. 3.1 Conceptual change in the developmental model

collaboration where peers act as sounding boards for the restructuring process.

However, this restructuring process is influenced by external contextual influences

but is primarily an idiosyncratic process. After the restructuring process the resultant

change is an "inside head" change and a new or modified conception is formed.

3.4.3 Applying the developmental perspective to teacher learning

Several studies have employed a constructivist setting to teacher learning (Simon &

Schifter, 1991; Schifter & Simon, 1992; Schifter & Fosnot, 1993). According to

Nelson (1997) these approaches have the following in common:
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• the teachers are seen as intellectually generative with the capacity construct

theories and knowledge;

• instruction can be based on the development of learner thinking;

• redefining the locus of intellectual authority from the "expert", to rigorous

argument;

• learners can use the modes of reasoning of mathematics to generate and validate

mathematical knowledge.

Drawing on a developmental view of learning, Schifter & Simon (1991) devised a

programme on teacher learning that allowed the teachers to investigate their

experiences and individual processes that contributed towards the reconstruction of

their teaching practices. The programme encapsulated the following principles:

• Teachers participate as learners.

• The presenters model the way(s) they expect the teachers to teach.

• Intervention and support are important elements to accelerate change in teachers'

knowledge.

They adopted a Piagetian position that change requires a process of disequilibration of

prior ideas and the reconstruction of more powerful ideas. In helping teachers to

change their ideas about teaching and learning mathematics, activities should be

structured that would induce disequilibrium in the teachers' cognitive structures.

Alternative strategies should then be modelled to facilitate the restructuring of the

new experiences.
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They developed the Assessment of Constructivism in Mathematics Instruction

(ACMI) instrument and found that, on completion of the programme, 64% of the

teachers showed at least a rudimentary constructivist view of learning as a basis for

teaching.

In South Africa the developmental perspective underpinned the problem-centred

approach to learning (Olivier, Murray & Human, 1990). This approach is based on a

view that the construction of mathematics is firstly an individual and secondly a social

activity (Murray, Olivier & Human, 1998). The initial introduction of this approach

was in Grades 1,2 and 3, but it soon expanded to Grades 4,5 and 6, and by 1993 was

used in over a thousand schools. The role of the teacher was seen as providing the

necessary information to the learners to solve problems, enabling communication and

capturing their mathematical thoughts in an intelligible way. Independent evaluation

of the success of this approach showed that "more students did well than students in

traditional teaching" (Murray, Olivier and Human, 1998, p. 173).

3.5 THE SOCIO-CULTURAL PERSPECTIVE OF TEACHER LEARNING

3.5.1 Overview

This perspective focuses on the process by which teachers and learners negotiate a

"mathematical community" in which mathematical meaning is constructed by all the

participants (Cobb, Wood & Yackel, 1993). The socio-cultural approach views

learning as a process where the learner is an apprentice, guided by an expert, situated

in a context that is uniquely complex and dynamic

Rogoff (1990) explains guided participation as follows:
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Guided participation involves collaboration and shared
understanding in routine problem-solving activities. Interaction
with other people assists children in their development by guiding
their participation in relevant activities, helping them adapt their
understanding to new situations, structuring their problem-solving
attempts, and assisting them in assuming responsibility for
managing problem solving. (p.191).

Learning is conceptualized as a process of transformation of participation in the

practices of a community (Rogoff, 1996). It is a social and cultural activity that

involves transforming the ways in which an individual participates in the practices of

a community. One such framework comes from Lave & Wenger's (1991) theory of

learning through legitimate peripheral participation.

Socio-cultural approaches focus on the group or community in which the individual

participates. Individuals participating in the group bring varying perspectives and

levels of expertise to the task of the group (community). The community shares a
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common goal and as they work towards its realisation, new meanings and

understandings are created. These meanings and understandings create the situated

practice (or context) in which the individuals participate. Learning takes place through

increasing participation in the work practices of the group (community) who are

guided by shared values and meaning.

It focuses on the collaborative interactions in which teachers engage as they develop

and improve their practices. Learning is defined as transformation in the ways in

which learners participate in the social practices of the group (community).

Individuals move from newcomer to old-timer status in the group as they take on

more complex functions. In the process they gradually appropriate the skills and

knowledge that are characteristic of old-timers.
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Learning always takes place in a community of practitioners. The work practices of

the teaching community consist of occasions when teachers get together to

accomplish a goal related to their mathematical practice. These might include the

selection of curriculum materials, designing student assessment programmes or

making presentations about their work to other teachers. A socio-cultural perspective

guides us to examine the interactions among teachers as they engage in work

practices.

3.5.2 Conceptual change

The socio-cultural view regards conceptions as experiential. Conceptions refer to

ways of being and doing in relation to a particular environment. Learning about the

world is not separated from being in the world. Conceptions are therefore contextually

different. People construct a variety of conceptions for various phenomena.

Meaningful learning is not to be defmed in terms of conceptual change but in terms of

conceptual appreciation, delimited by context (Linder, 1993).
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Conceptual change is therefore achieved by changing one's relationship with the

context. Being able to perceive the context differently means that one differentiates

between them. Changing one's relationship with a specific context means that one has

changed as a person (Linder, 1993). Implicit in this view is the idea of conceptual

variability.

The theoretical foundation of the experiential perspective can be found in the works

of Vygotsky (1978). In Vygotsky's view, mental functioning in the individual can

only be understood by examining the social and cultural processes from which it
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derives. Learning is a social phenomenon, which begins exterior to the mind

(extramentally) when humans interact socially. Afterwards, these experiences are

incorporated into the learner's mind (intramentally). Vygotsky emphasised two

primary influences on conceptual development. Firstly, social interaction where

interpersonal relations are internalised and reconstituted to the psychological domain.

Secondly, semiotic mediation where social and cultural processes are given priority

over individual psychological processes. Here he argues that children's mathematical

development is profoundly influenced both by the face-to-face interactions and by the

cultural practices in which they participate.

The socio-cultural view of conceptual change acknowledges the Vygotskian

assumptions about learning. It also extends it to encompass situated cognition and

guided apprenticeship in a learner-centred learning environment.
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Conceptual change occurs as the learner continually shape and restructure from their

experiences. It manifests itself in the moves from novice to expert status. It therefore

means that the learner is guided to a higher potential. The learner's expectations play

an important role in this regard. Once the learner understands what can be expected,

hel she can then strive to achieve those expectations. As these expectations are

reached, the potential also grows. The socio-cultural approach also takes into account

care and respect for the learner as individual with a unique history and culture, which

may be quite different from the environment they have been placed in.

The socio-cultural model of emphasizes:

• The participation oflearners within a cultural context valued by the individual.
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• Concept learning during guided participation.

• Interactions where learners use knowledge that is contextualized in their everyday

culture.

• Collaboration as a means of effecting conceptual change.

Fig 3.2 depicts conceptual change in the experiential model. The individual engages

with the context through legitimate participation as a novice. The process by which

this occurs is called enculturation. The individual observes a particular phenomenon

and constructs a conception for it. Through the social process of guided participation

the individual is able to perceive the phenomenon (context) differently. This leads to a

rofessionalizationChanged
Context

t
Guided

participation

tPhenomenon

Legitimate
participation

Enculturation

CONTEXT INDIVIDUAL

Fig. 3.2 Conceptual change in the experiential model

changed conception and the individual may be regarded as a professional.
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3.5.3 Applying the socio-cultural perspective to teacher learning

Stein & Brown (1997) used a socio-cultural perspective on learning in the QUASAR

project, an educational reform project aimed at fostering the development of enhanced

mathematical instruction programs in middle schools. The purpose was to establish

reform communities as communities-of-practice at schools. The socio-cultural

analyses focused on ways those teachers develop new habits of mind and skills of

interpretation as they engaged with other teachers in the day-to-day practices of

mathematics teaching. As peripheral members, the new comers were exposed to the

community's activities. As they transformed their participatory roles, they learnt new

aspects of mathematics pedagogy that were valued in their environments.
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Secada & Adaijan (1997) also conducted an observation and interview study of how

the nature of the professional community in a school sustains a group of elementary

school teachers in their efforts to transform their teaching practices. The teachers

reported changing their pedagogical practices along the lines of curricular content,

instructional strategies, and to a lesser extent, learner assessment.

3.6 MULTIPLE PERSPECTIVES ON LEARNING

3.6.1 Overview

We believe that one should not advocate the adoption of one perspective on learning

over the other. Learning should not only be regarded as taking place in the mind of an

individual; the socio-cultural situatedness of knowledge should also be acknowledged.

The problem is therefore not whether teacher cognition is individual or social, but

rather how these two perspectives can complement one another.
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Cobb (1994) has called for the intelligent co-ordination of perspectives rather than

wholesales allegiance to one particular framework. While socio-cultural theory

foregrounds social processes, psychological theory foreground cognition. Each one is

needed to build a complete picture of teacher learning. "Each of the two perspectives,

the socio-cultural and the psychological tells half a good story, and each can be used

to complement the other." (Cobb, 1994, p.17).

For teachers to achieve an understanding of a new topic, accurate knowledge about

the new approach must be integrated with their own personal knowledge. However,

the naïve conceptions of teachers need the social and cultural context to really become

robust enough to be maintained.

3.6.2 Conceptual change

The developmental perspective views conceptual change as a rational and

evolutionary process. Firstly, it is rational in the sense that once the superiority of one

conception is seen, it will be adopted. Secondly, the discredited conception will be

abandoned. Thirdly, the process of change is essentially a cognitive one - other

conceptions wou1dnot interfere with the change process. It is seen as evolutionary to

the extent that a teacher can predict and articulate the next step in conceptual

evolution once a student's existing conception has been articulated.
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Demastes, et al. (1995) found that students could hold and apply two "competing"

conceptions without a significant discomfort, thereby challenging the rationality of

conceptual change. They also point to the fact that the conceptions are embedded in a

wider "conceptual ecology". That is, they are not independent of other conceptions or
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of other knowledge structures, including beliefs. Pozo (1997) also found that learners

do not necessarily give up their previous conceptions when they acquire new

knowledge. Instead the old and the new co-exist as hierarchically ordered structures.

Stofflet (1994) added another challenge to the .rational model of conceptual change.

She worked with student teachers seeking to promote conceptual change in

conceptions on how to teach mathematics. While she found that a theoretically

informed design facilitated conceptual change, her students' capacity to enact these

conceptions were dependent on conditions over which she had minimal control - the

classrooms in which the students taught, and the pedagogical preferences of the

teachers who supervised them. Thus a conception that appeared fruitful in one context

was fruitless in another context. It is important to note that the viability of conceptions

include rational as well as relational issues.
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We agree with diSessa (1988) that focusing on the social phenomena exclusively may

erase the individual. Thinking can be an individual activity. To approach conceptual

change, one must know the individual's conceptual framework. However, if one

wishes to better understand how the individual acquired these frameworks, the study

of social interactions become necessary. Both the developmental and socio-cultural

perspectives are therefore necessary for a more comprehensive understanding of

conceptual change.

In summary, conceptions that underlie social practices are negotiated but also

individualized. Furthermore, conceptions should be regarded as contextualized within

a more complex set of relationships or conceptual ecology. These views strongly
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oppose the developmental perspective of conceptual change as holistic where changes

in the conceptual framework occur simultaneously. Rather it allows for conceptual

change to take place piecemeal, where changes may occur in one area but not in

Schifter & Simon (1995) have pointed to the importance of the environment in which

conceptual change in teachers has to take place. Such an environment must be

conducive to the restructuring of new conceptions. The participants should be seen as

active participants in meaning making. There should be respect for the current

conceptions held by the participants and they should be given the tools to take

responsibility for their own restructuring. Finally, the environment should foster

another. Conceptual change can therefore be sequential, rather than simultaneous.

conception

participation

Existing
conception

Enculturation Anomaly/
ExemplarPeer

Collaboration Cognizing

Phenomenon

INDIVIDUAL

Fig. 3.3 Conceptual change in the multiple perspective model

3.7 THE CONCEPTUAL CHANGE ENVIRONMENT

theory building.
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Smylie & Conyers (1991) suggested that teacher learning must be recast in

programmes that reflect the following paradigm shifts:

• From deficit-based to competency-based approaches.

Teachers' knowledge, skills, and experiences must be considered as assets. This

will help to shift teachers away from dependency on external sources for the

solution to their problems and towards self-reliance in instructional decision-

making.

• From replication to reflection.

Teachers should focus less on the transfer of knowledge and strategy and more on

analytical and reflective learning.

• From learning separately to learning together.

The joint wisdom and experiences of teachers must be perceived as resources

rather than as obstacles tha must be overcome.
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Although structured learning opportunities like facilitated courses, seminars and

workshops form an integral part of teacher learning, these are unlikely to bring about

the degree of teacher learning required to effect conceptual change. A broader and

more inclusive conceptualisation of teacher learning is necessary. Teacher learning

experiences need to bring together teachers in collaborative settings. The contact with

colleagues and the time-out to focus on sharing perspectives about teaching also

constitute teacher learning. A collaborative setting ensures that time is devoted to

reflection. It also provides teachers the opportunity to articulate and clarify

understanding about what can otherwise be a very private activity.
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Krainer's (1996) has identified four dimensions of teacher learning - action,

reflection, autonomy and networking. Based on these dimensions, the key elements

that must be addressed in any conceptual change environment are the following.

1. Active participation.

Learning is regarded as an active process. Teachers must be engaged as professionals

who systematically try to develop their competence in and attitude towards their

mathematical practices. An appreciation of what the teacher brings to the learning

process is therefore regarded as important. However, the learning process should be

directed to inculcate competence and attitude towards constructive and goal-directed

work.

2. Collaboration

Countless good ideas exist in the minds of teachers. These ideas need to be shared to

test their robustness. Opportunities should therefore be provided for extensive

communication and collaboration of teachers. The environment must make it possible

to connect individual and social experiences.

3. Reflection

Reflection refers to actions initiated by the teacher concerning actual behaviours and

potential activities, which may lead to further learning. The environment must enable

teachers to develop attitudes towards, and become competent in reflective, self-critical

and systematic work-based reflection.

4. Autonomy

The learning programme should enable teachers to develop an attitude and be

competent in autonomous, self-initiated work. The environment must enable teachers

to move from assisted performance to unassisted performance
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3.8 CONCEPTUAL CHANGE STRATEGIES

The development of conceptual change theory has lead to diverse instructional

interventions with the aim of making conceptual change easier. In trying to achieve

conceptual change through a developmental approach, two major strategies can be

identified. In using exemplars as a foundation for achieving conceptual change, the

emphasis is on gathering prototypical evidence to support the new conception(s). In

using anomalies as a basis for achieving change, the emphasis is on producing

counter-evidence to the existing conception.

In using exemplars to effect teacher change, Fennema et. al. (1989) has taken a

knowledge-based approach. They sought to assist teachers changing their practices by

offering them research findings about how children develop an understanding of

certain mathematical concepts. They then invited the teachers to reflect on how this

research can inform their work with learners. Finally, teachers were given support for

their efforts to incorporate the knowledge of these exemplars into their teaching

practices.

The anomaly approach has many pseudonyms, like dissonance, cognitive conflict,

disequilibration etc. These are all based on Posner et al. (1982) conceptual change

theory. MinstreIl (1985) has proposed the following "instructional principles" for

conceptual change strategies based on this theory.

• Engage learners initial conceptions.

• Introduce experiences that are inconsistent with these initial conceptions.

• Provide opportunities to resolve anomalies

• Provide opportunities to re-use new ideas in similar or new contexts.
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From this description it is clear that these strategies are based on the assumption that

different activities may be used as tools to evoke conceptual awareness, which is

considered a precondition for conceptual change CVosniadou, 1994). Interactive

forms of studying are presumed to provide a forum where student initial conceptions

may be challenged and discussed in the light of scientific explanations and theories

Approaches to effect conceptual change through the socio-cultural perspective has

focused on the processes of collaboration among teachers and between teachers and

resource partners. Resource partners are for instance mathematics educators who co-

operate with the teachers. This approach is committed to school-based reform rather

than workshop attendance. The focus of analysis is not pedagogical activity, but the

community's activities and use oflearning resources.

3.9 FRACTIONS AS CONTEXT FOR TEACHER LEARNING

The selection of a course on fractions for teacher learning can be motivated from two

perspectives.

(a) Fractions are closely connected to various other topics in pnmary school

mathematics, including decimals, percentages, ratios and division. These topics

certainly occupy a substantial mass of the primary school mathematics

curriculum.

(b) Fractions is regarded as a "hard" topic to teach with numerous reports which

suggest that teachers' understanding of fractions is limited and replete with

misunderstandings (Ball, 1990, Leinhardt & Smith, 1985).
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Post et al. (1988), for instance, found that 30% in a survey of 221 intermediate

teachers simply did not understand the fractions they were teaching. Studies on

teachers' knowledge of fractions found it to be mainly procedural and less conceptual.

Borko et. al. (1992) reported on a student teacher that was unsuccessful in providing a

conceptually based justification for the standard division-of-fraction algorithm. This

occurred despite the fact that the teacher's beliefs about mathematics learning (e.g. the

importance of learning with understanding) and teaching (e.g. the role of applications

and visualizations) were compatible with the spirit of the mathematical reform

agenda.

Teachers not only have a poor grasp of the content of fractions, they also have a poor

understanding of learner cognition in fractions. Leu (1998), in a study of elementary

school teachers' knowledge and understanding of learner cognition in fractions, found

that 70% of the teachers were in the mediocre category. This leads to a situation

where the teacher" s selection of teaching material and sequences may not match the

student's learning.

Streefland (1988) has identified four major currents in the teaching and learning of

fractions - the structuralist, empiricist, mechanistic and realistic approaches.
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3.10 REALISTIC FRACTIONS AS CONTEXT FOR TEACHER LEARNING
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Realistic mathematics education (RME) has its roots in the Netherlands. According to

Treffers (1991), it started from a critical stance of the New Math movement of the

sixties. While other countries were trying in the seventies to undo the "innovation" of

the New Math, the Dutch were developing the Wiskobas project that became the

fertile ground for Realistic Mathematics Education. RME emphasize thematic

context, the integration of mathematics with other subjects and areas of reality,

differentiation within individual learning processes and the importance of

collaboration in groups.

Gravemeijer (1993) has formulated three guiding principles for a RME learning

programme:

1. It must be based on a pedagogy that views learning as re-invention. According to

this principle, the learners have to be given the opportunity to experience a process

similar to the process by which the part of mathematics was invented. The

challenge for the teacher is to select contextual problems that will allow for

diversity of solutions strategies, which can be used to map out a learning route.

2. The principle of didactical phenomenology refers to the applications used - the

starting points and the width. Problems have to be selected for their potential

impact to aid the mathematical development of the learner.

3. The third principle refers to the use of mediating models to bridge the gap between

the informal strategies of the learners and the formal strategies of advanced

mathematics. It requires the skill of differentiation of solution strategies according

to level of economy and sophistication.
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Treffers (1987) has described RME as both a theory for learning and a theory for

instruction. According to De Lange (1992), RME as a theory of learning has clear

associations with the socio-constructivist view of learning. From the early ideas of

Hans Freudenthal, who is regarded as the founder of RME, several conceptions of

mathematics education have been crystallized (See Treffers, 1993).

Conceptions of mathematics associated with RME

Hans Freudenthal proposed the notion of mathematics as a human activity. He

described mathematics is "an activity of solving problems, of looking for problems but

also an activity of organising subject matter" (Freudenthal, 1971; 413). Mathematics

education is about finding and solving problems taken from everyday reality, and

structuring the mathematical processes that evolve from this activity.

Conceptions of learning associated with RME

• Learning mathematics is a constructive activity.

• The learner proceeds through different levels of increasing abstraction.

• Learning involves the reflection of the learner on his/ her own activities and

thought processes.

• Learning is not a solo activity but occurs in a society and is directed and

stimulated by socio-cultural context.

• Learning has a structural character. It is not the absorption of a collection of

unrelated knowledge and skills, but the construction of knowledge and skills for a

structured entity.
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Conceptions of teaching associated with RME

• Teaching must start from a concrete-base.

• Suitable models and schemes must be identified that will aid the learner's

progression through the various levels.

• Learners must be stimulated and given opportunities to reflect on learning strands

that have been encountered and what may lie ahead. The generation of cognitive

conflict will help this reflection.

• Teaching should offer the chance for exchange of ideas, for proposing and rebuttal

of arguments, etc.

• Teaching should focus on the global view rather than the individual parts. The

different topics should be integrated so as to aid this global view.

The choice of Realistic Mathematics Education as a context for a research project on

teacher learning can be justified by the following:

(a) The clear parallel that can be drawn between the conceptions of mathematics and

mathematics teaching and learning and the conceptions espoused in the learning

area, MLMMS.

(b) The professed links with socio-constructivism and the role of the socio-cultural

context.

(c) The success reported on Dutch teacher learning projects (PANAMA-series of

publications).

(d) It encourages rich constructions by the teachers as learners.
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CHAPTER4

TIlE TEACIllNG INTERVENTION AND SUPPORT PROGRAMME

4.1 TIlE SPARK FOR TISP

The origin of the Teaching Intervention and Support Programme (TISP) can be traced to

the Higher Diploma in Education (HDE) Mathematics class of 1994 at Bellville College

of Education (BCE). I started the year with great enthusiasm to help the student teachers

with the development of a teaching practice based on a constructivist view of learning.

An important guideline to develop an impetus for change was to establish an

environment in which the learners could learn in the environment, rather than about the

environment (Mousley & Sullivan, 1997). Opportunities were created for the student

teachers to revisit and reconstruct their own understanding of mathematics and the ways

in which these understandings can be fostered. A context was provided where they

could investigate their own teaching and reflect on alternatives. As peer teaching played

an important role in my approach, I observed how the student teachers engaged with the

process of reconstructing an alternative pedagogy.
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After a three week practice teaching session in surrounding schools, I held a class room

discussion on the implementation of this "new" approach. I was stunned to learn that

nobody even attempted to teach even one lesson according to what had been practised

for over four months in class. I was disappointed to say the least, but I knew I had to

probe for the underlying reasons. The discussion opened a window on some of the

dilemmas that these student teachers faced during practice teaching. While they were

eager to put ''theory into practice" and experiment with new approaches in real

classroom settings, the teachers were balking at what was perceived to be

incomprehensible teaching approaches.
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This is how one student teacher described the way she dealt with this tension.

If I knew that Mr Stephens was coming to assess me, I would plan a
lesson that includes groupwork I know that is what he wants so I
present a lesson that includes groupwork However, when he leaves, I
revert back to what the supervising teacher wants.

(personal communication)

Practice teaching for these student teachers had become a form of "strategic compliance"

(Lacey, 1977). They would teach a lesson according to a particular technique for a

particular lecturer if they knew that was what hel she wanted. However, they reverted

back to what the supervising teacher wanted as soon as that lecturer had left! Much later

I realized how obvious the "confession" of the student teacher was. Students were

expected to teach a minimum of seventy-five lessons per year. Of these, College staff
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would perhaps assess ten lessons while the supervising teacher would assess the rest.

Research on teacher education also suggests that interns abandon what they have

learned in teacher education courses in as little as two weeks (Richardson-Khoeler,

1988). Rather than working to apply what they have learned, they adapt and replicate

the practices of their supervising teachers.

Obviously the more limited the repertoire of teaching skills the supervising teacher had,

the more limited the opportunities of the student-teacher to be exposed to alternative

teaching paradigms or to be given space to practice an alternative pedagogy. Rather than

exacerbating the tensions between supervisory and student teachers, I believed that we

should strive to develop a partnership from which both parties could grow

professionally. One way of breaking this impasse was through closer co-operation in the

form of structured learning programmes for supervising teachers.
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My frustrations led me to establish contact with Summer Math for Teachers, a project at

Mount Holyoke College, Massachusetts. Several publications on the success stories of

this project had been published (Schifter & Fosnot, 1993, Schifter & Simon, 1991). I

quickly realized that this project could not be done in isolation, and after discussions

with the Rector of Bellville College of Education, it was decided to open up the project

to other learning areas as well. Two other learning areas, Science and Afrikaans, decided

to participate in the project.

The next step was to establish contact with other agencies working in the teacher

learning field. Sue Davidoff, the Director of the Teachers In-service Project (TIP) at the

University of the Western Cape (UWC) was approached to facilitate the TISP-team's

own learning. Over a period of three months the team members were taken through

learning sessions where we learned to appreciate the dynamics of groupwork, vision-

building and debated on the skills and qualities required by teachers to establish a

classroom practice consonant with a constructivist view of learning. An important

guideline during these learning sessions was that the team should experience the very

processes that the teachers will have to go through.

What we were trying at Bellville College of Education was simply unheard of in the

realm of what Colleges of Education normally do. The reality was that Colleges of

Education were involved in pre-service student teacher learning. Lifelong learning for

teachers was not a priority and received only scant attention, except for teachers who

came back to upgrade existing formal qualifications. Furthermore, Colleges of Education

had no record of engaging in academic research. Publishing academic works accounted

for nothing in the life of a College lecturer. When the expected backlash from our
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colleagues came, it took the form of apathy, cynicism and even open hostility. However,

the most damning decision taken by College staff was that any involvement in TISP

would be over and above normal lecturing and practice teaching duties.

Meanwhile the educational landscape in South Africa was beginning to change. Efforts

to reform mathematics education in the nineties placed great emphasis on a constructivist

perspective on learning. For example, in its guidelines for a future mathematics

curriculum for South Africa, the Core Syllabus Committee for Mathematics: School

Education (1994, p. 4) stated: .

Learners studying mathematics should be seen as active
mathematical thinkers who try to construct meaning of what they
are doing on the basis ofpersonal experience...

The problem with statements like these was that the teachers themselves were products

of "traditional" mathematics teaching, yet they were now called upon to redefine their

ideas about mathematics teaching and learning. It was obvious that this

reconceptualisation of the role of the teacher would leave many teachers with feelings of

insecurity and doubt. Colleges of Education were ideally suited to step into this void and

provide learning opportunities for in-service teachers to cope with the new demands.

According to Hofmeyr (1991) Colleges of Education were natural bases for the

provision of teacher learning.

We were caught between a rock and a hard face. On the one hand there was a clear need

to become involved in lifelong learning of teachers while on the other hand there was

this apathetic group of College lecturers who could not see why we should get involved.

We had this group of HDE student teachers who were in fact qualified teachers, with

some having years of field experience. Yet, these students were treated as pre-service
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students and assessed with exactly the same teaching assessment form that was used for

first year student teachers. The whole practice teaching experience for the HDE students

was a low impact enterprise with minimal opportunities for teacher learning. Within this

constrained reality at Bellville College of Education, the Teaching Intervention and

Support Programme was launched.

The following reasons are offered as to why it made sense to embark on a teacher

learning programme like TISP.

• Bellville College of Education had the infrastructure to accommodate TISP. During

practice teaching the teaching facilities were not utilized at all because all the students

would be out getting field experience.

• The complement of HDE student teachers could act as relief teachers' while the

classroom teachers engage in structured learning experiences. This ensured that no

disruption of both College and school programmes occurred.

• The teachers in most primary schools are not subject specialists. The College could

offer an integrated learning experience that could cover the various different learning

areas.

4.2 DEVELOPING THE STRUCTURE FOR TISP

TISP was conceptualized as consisting of an intervention and support component. The

Teacher Intervention and Support Programme (TISP) was launched in May 1995. It was

conceived as a structured teacher learning programme that takes cognizance of the

development of appropriate subject knowledge and suitable teaching approaches and

provided continuing support to teachers to attain these. It was an experimental

3 Relief teachers act as substitutes for the permanent teachers for short periods of time.
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programme designed to help teachers develop a constructivist view of learning as a

foundation for classroom practice. It was geared towards helping teachers develop their

abilities to teach in a manner that involves students in a problem-solving, active-learning

approach to the learning of Mathematics, Science and Afrikaans writing. Finally, it was

hoped that these teachers could become change agents at their respective schools.

The next phase in the development of nsp was a sequence of meetings with all the role

players. The first meeting was set up with the principals and circuit managers where the

proposal was put to them and. questions on clarillcation answered. Although the circuit

manager openly expressed scepticism about the ability of a College of Education to

embark on such a programme, the principals were convinced, and they gave their

support. Next, the teachers were invited to the College and the programme explained to

them. The teachers expressed their desire to become part of the programme. We were

finally on our way!

Twenty teachers from schools in the Kuils River/ Belhar/ Bellville/ Blackheath areas

were invited to participate in a series of intensive seminars that ran over two weeks.

Teachers participated on a voluntary basis and no formal certificate was issued on

completion. The sample was therefore a special sample. While these teachers were

attending nsp, the fmal year Higher Diploma in Education (HDE) students substituted

for them at their schools as part of an internship. This ensured that no disruption of the

school programme occurred.

On acceptance to the programme, each participant was assigned to a mentor who was a

member of the nsp team. The mentor was required to provide on-going support and to
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facilitate the learning of the participant. It was envisaged that support would be given for

a period of six months beginning immediately after completion of the two weeks

intervention session. The support would be in the form of weekly visits to the classroom

settings where the participants teach. In addition, there would be bi-weekly meetings

where all participants would be able to discuss common problems and to share

experiences.

4.3 GUIDELINES FOR TISP

It was obvious that the quality of learning experiences would depend on the way the

environment was structured. TISP had three foci:

(a) It focused on the teacher as learner. In such an environment the facilitator builds

on the strengths, interests and needs of the learners. A deliberate attempt had to be

made to move away from lectures and workshops not tailored to the needs of

teachers. The learners must be given opportunities to test individual

understanding. This was deemed important in order to allow the teacher to clarify

his or her own ideas and to correct misconceptions.

(b) It focused on knowledge building. Few would dispute that the teacher's

knowledge plays a major role in creating the environment in which children learn.

Ideally TISP should lead to an expansion of the teacher's subject matter

knowledge as well as the pedagogical content knowledge (Shulman, 1987). Marks

(1990) have described pedagogical content knowledge in terms of knowledge of

student learning, knowledge of instructional processes and knowledge of

resources. Cochran, et. al. (1993) expanded view of PCK includes knowledge of
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pedagogy, knowledge of learners and knowledge of the context for teaching and

learning.

(c) It focused on community building. The particular setting had to encourage

collaboration. Teaching has been described as a culture of isolation (Schlagal,

Trathen & Blanton, 1996). A network overcomes the isolation and makes the

teacher feel part of a community. Lave & Wenger's (1991) idea of a community

of practice was adapted to establish a teacher learning community in which

knowledge-building and establishing collaborative peer relationships were

important. Teachers could share successes and failures about pedagogy and

curriculum development as part of these communities.

The following principles guided the implementation of the programme:

1. Teacher learning can only take place if the teachers themselves are willing to

change (Fullan, 1993).

2. Alternative pedagogical models must be modelled in learning situations where

teachers participate as learners.

3. Both intervention and support are important strategies for teacher learning.

4. Collaboration and teacher collegiality facilitates teacher learning. (Chazan et. al.,

1996).

5. Teachers learn from internal orientation (reflection) as well as external orientation

where they rely on advice, support and guidance from outside (De Jong &

Korthagen, 1989).
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4.4 REFLECTION ON TISP 1995

The teachers worked in an environment where conceptual understanding and shared

(Smith, 1995, p. 368).

knowledge was appreciated. Teachers were encouraged to reflect on their experiences

through discourse and journal entries. Participants were asked to keep a written record of

their planning and to comment in writing on the context in which plans were made, the

reasons for selecting a particular course over another and to reflect on their experiences.

A careful scrutiny of these journals revealed that the teachers were able to form a

qualitatively different vision of the teacher's role in a reformed classroom (Smith, 1995).

This vision is encapsulated in the following extract from a journal of one of the

participants.

My task as a teacher must be to awaken enquiring minds, just like I
have been awakened.

Despite the success of the intervention programme, the support component failed

miserably. The TISP-team simply did not have the time to carry a full teaching load and

be involved in teacher support. Despite this setback, we were convinced that TISP could

succeed. The 1996 TISP experience was much like the 1995 experience (Smith &

Williams, 1996). We realized the importance of sustained networking for teacher

learning, yet we could not find the time to do justice to this component.

4.5 CURRICULUM 2005 - AN ADDED IMPETUS FOR TEACHER LEARNING

Outcomes Based Education (OBE) was introduced in Grade 1 in 1998 with an

accompanying vision of implementation from Grades 1 to 12 in 2005. While some may

argue that the stimulus for OBE is economic and social reconstruction (Van der Horst &

McDonald, 1997, Jansen, 1999), few would dispute the paradigm shift that its
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implementation requires. OBE focuses on teaching and learning processes that will

guide the learner to pre-determined results of the learning process i.e. outcomes. In

structuring the learning experiences, the teacher's role is crucial. The teacher has to

structure the learning environment in which the learners can succeed.
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OBE calls for pedagogical approaches that are different from those used in content-

based education. Spady (1995) describes the OBE pedagogy as active modelling,

expecting success, intensive engagement, diagnostic assessment, and constant feedback

to students about their performance. Killen (1996) also mentions teaching for

understanding and multiple forms of teaching representations as important for teachers

in order to achieve the desired outcomes.

Rossouw & Smith (1997) have argued that in order for teachers to contend with the new

role, there should be a change in the teacher's knowledge base, in assessment practices

and in the way the curriculum is viewed. Teachers are required to move away from

being curriculum implementers to developers of the curriculum. According to Spady

(1988, p. 5) "In outcomes-based education you develop the curriculum from the

outcomes you want students to demonstrate rather than writing objectives for the

curriculum you already have".

One of the fundamental tenets of OBE is that all learners are expected to learn and to

succeed (Spady & Marshall, 1991). This places a tremendous responsibility on the

teacher to be creative and innovative in the teaching approach and to develop means in

order for all learners to be successful. C2005 places strong emphasis on the integration

of knowledge. Teachers are therefore required to recognize mathematics in real life
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activities and to make the necessary connections with mathematics. All this calls for

substantial pedagogical knowledge from the teacher.

OBE also calls for a shift away from a narrow view of summative assessment practices

and calls for a balanced view that includes formative, diagnostic and other appropriate

forms of assessment. Assessment, whether formal or informal, should be supportive in

enabling the learner to demonstrate positive outcomes.

In order for teachers to make. the transition from the content-based to outcomes-based

education, teacher learning has to be given high priority. In 1998 an initiative was

launched to compile a national database of experimental teacher learning programmes

throughout the country. The purpose was to document the results of these studies in

order to construct a framework for a national teacher learning policy. TISP was selected

as one of the pilot studies to study experimental teacher learning programmes during a

time of educational reform. Funding was received from the President's Education

Initiative (pEl) to implement the programme to its full extent. The rest of this chapter

will therefore focus on the TISP experiences of 1998.

4.6 THE INTERVENTION PROGRAMME4

Twenty-six teachers participated in the 1998 intervention component of TISP, which

ran from 20 to 30 April. While these teachers were attending the programme, the

HDE students were substituting for them in their classrooms. The following diagram

depicts the structure of the intervention programme.

4 By this time the name Bellville College of Education was changed to Western Cape College of
Education. .
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Phase 1: Raising awareness

Phase 2: Creating a different environment

Phase 3: Introducing dissonance

Phase 5: Expanding the view

Fig 4.2 Structure of the intervention programme

Raising awareness

During the awareness phase, teachers were encouraged to talk about their practices.

The main idea was to get them talking about their perceptions of what a classroom

that reflects the principles of OBE, would be like. Teachers worked collaboratively

and shared their ideas with the rest of the class. Some of the ideas put forward by the

groups were on:

• Sufficient resources like calculators, textbooks, etc.

• Support, by the principal, colleagues, parents, subject advisors, etc.

• Learners, who are "better" than what they currently had.

• Guidance, a set of rules that will make the implementation of OBE easier.
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A session on the teacher's role in an outcomes-based environment was followed by a

request that teachers should identify the inhibiting factors to change to outcomes

based pedagogy. Typically the catalysts for change during this part were seen as

external - better resources, "better" learners, supporting principal, etc.
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Teachers were also asked to voice their concerns about the impending curriculum

reform. These concerns centred on issues like:

• General pedagogy.

The rationale for the introduction of OBE was not clear.

Learners still need to know the 3 R' S5.

How to retain what was good in the content-based curriculum and apply it to the

OBE curriculum.

Facilitators at workshops were all scathing of the content-based curriculum.

There was no structure to follow. What they heard most was "use your own

initiative" .

Teachers had to grapple with both content and terminology.

• Mathematics pedagogy

How to relate the MLMMS theory to practice?

How to integrate of mathematics with other learning areas?

Which teaching approach would be best?

How to avoid teaching mathematics in isolation?

Mathematics has always been perceived as precise - does OBE now lead to a new

notion of mathematics?

S Refers to the skills of reading, writing and arithmetic.
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• Resources

How to identify that which is workable in the classroom?

How to switch over from textbook dependence to using experience-based

resources?

• General

No real research has been done on what works and what does not work.

Teachers were not only encouraged to talk about their practices, but also to write

about it. The keeping of a journal with time set aside each day for entries, as well as

short narrative stories became important outlets for teacher expression.

Creating a different environment

The structuring of the learning environment was guided by some of the concerns

expressed by teachers. Since most of the teachers were generalists, rather than

learning area specialists, three learning areas were chosen to introduce the teachers to

an alternative pedagogy.

• The mathematical focus was on Realistic Mathematics, where real life situations

are selected as the starting point for doing mathematics. It highlights contextual

situations as points of departure, the interactive nature of the teaching-learning

process and the integration of topical strands in mathematics.

• The focus of the Science component was on learning Science in an environmental

context. With this approach the notion of "incidental leaming'" and how it can be

used as a springboard for developing a deeper understanding is crucial.

• The Afrikaans Writing Project was aimed at exploring new ways of engaging

learners in the process of writing (Calkins, 1986).
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It was also decided to choose a central topic for the different learning areas that

ensured integration of these different learning areas. The phase organiser

"Environment" was chosen and each learning programme had to select a programme

organiser based on the phase organiser. The relevant specific outcomes, assessment

criteria, range statements and performance indicators were identified to compile a

learning experience that embodies the main foci of outcomes-based education.
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Introducing dissonance

Regarding teaching as a problem-solving activity in which routine and non-routine

problems are solved (Simon, 1995), provided the framework for the choice of

activities during the disequilibrium phase. Activities that simulate hypothetical

classroom situations were constructed and then given in written form or acted out. In

order to achieve disequilibrium, two types of situations, anomalies and analogies,

were created. The content for these situations were drawn from a realistic approach to

fractions (Streefland, 1983, Streefland, 1988, Treffers, et. al., 1994 ).

In an anomalous situation a problem is generated that will force the teachers to

become aware of their own (sometimes deeply held) ideas about a particular aspect of

teaching and learning. The choice of problem would be of such a nature that the

teacher's existing ideas do not have the capacity to solve it. The consequent

dissatisfaction with the existing idea will then hopefully lead to its rejection and open

the way for a new idea.

6 Learning that takes place in unstructured learning experiences.
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The following problem situation involves role-playing by the TISP presenters to

engage teachers in a discussion about understanding in mathematics.

3
9 glasses can be obtained from this bottle with a '4 litre

capacity. How many glasses can be obtainedfrom one litre?
[Treffers, et. al., 1994, p. 129]

The teachers were given this activity and asked to solve it. On completion of the task

and after arriving at the algorithm (9 x ~ or ~ x 9), one of the presenters entered

the room. On enquiry on what it was that the group was busy doing, another presenter

responded that they were just inverting the fraction and multiplying the numbers. The

following questions were then posed for reflection.

• Do you think everybody understands? To the same extent?

• Is there perhaps a difference in understanding? Explain.

In an analogous situations the focus is on alternatives to existing ideas. Teachers were

invited to discuss the strength and weaknesses of different ideas. The following

example comes from Streefland (1993).

Problem 1: Freddie, Stephen, Gwen and Lynn have earned enough
money to buy 1 chocolate bar. They want to divide the bar equally
among themselves. How much chocolate will each one get?

Problem 2: Freddie, Stephen, Gwen and Lynn have earned
enough money to buy 3 chocolate bars. They want to divide the
bars equally among themselves. How much chocolate will each
one get?
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The following questions were then asked for reflection.

• Compare your solution strategy for problem 1 to that of problem 2. What are the

differences in these two problems? Discuss.

• Compare your solution strategy for problem 2 with that on another group. Can you

find another solution? And another?

• Identify the mathematical concepts that are involved in solving this problem.

• How does this approach compare with your own way of teaching the concepts that

you have identified?

• Would you use a problem like this in class? Why or why not?

Several other problem situations were created to highlight issues that involve the

expansion of the teacher's pedagogical content knowledge. The following problem

situation was structured to help teachers form a different understanding of

collaborative learning.

Problem: Lorraine wants her coffee to be strong and Peggy wants
it weak At Top Café you can choose between coffee made with 6
spoonfuls in a 16-cup pot or coffee made with 4 spoonfuls in a 10-
cup pot. Which one is stronger?

The following questions were then asked to encourage reflection on the group

processes.

• Who participated? Who did not? Why didn't the person participate?

• What was your contribution towards the final solution? Was it readily accepted or

rejected? How do youfeel about it?

• Was there anybody who dominated the group? How do you think such a person

should be handled?
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• What was your first reaction when you read the problem? How did you overcome

this reaction?

• Compare your solution with that of other groups. Is it acceptable? Why or why

not?

• Do you think that the solution should be solved in different ways? Why or why not?

Other situations were created to expand the teachers' subject matter knowledge. The

following problem was posed to highlight different solution strategies.

Problem: There are six sheet cakes available which is not enough
to give each child one whole sheet cake. It was then decided to give
each child 4/5 of a sheet cake. How many children can be given 4/5
of a sheet cake?

The following questions were asked to encourage reflection on the different types of

solution strategies and to introducethe teachers to a level structure for strategies.

• Look at the different ways in which the problem was solved Would you accept

each solution? Why or why not?

• Would you accept a concrete (or visual) solution?

• Which one is more acceptable to you? Why do you say so?

• Write down some criteria for solution strategies that will help you to classify them.

Explain why you do it in this way.

Scaffolding

This model outlined above can be described as a reflective model that is driven by

planned conceptual interventions. The basic motivation was to get teachers to
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confront and reflect on their own conceptions about the nature of teaching and

learning.

The College lecturers involved in TISP provided mentor scaffolding Types of

learning assistance included asking questions, providing guidance and feedback, and

supplying structure to task. Lecturers provided feedback to participants on

pedagogical issues, guiding them to improve or continue performance on their next

attempt.

Teachers were requested to reflect upon their experiences. They would then debate

the salient issues and formulate a collaborative response. What did they learn? What

contributed to the learning? How was the activity structured? What was the role of the

facilitator? etc. In this way the activity itself became the grist for reflection in the

development of a new practice.

Expanding the view

The issues identified during the awareness phase served as a basis for activities in the

expansion phase. In addition, some critical incidents were identified. Critical incidents

are defined as events, which confront teachers and makes them decide on a course of

action (Nott & Wellington, 1995). These critical incidents were also directed at

expanding the teachers' understanding of the principles ofOBE.

The College lecturers modelled general and subject-specific practices that were aimed

at giving greater clarity as the teachers reconstructed their roles. Cognitive task

structuring was provided through the use of descriptive scenarios and focused
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questions. Lecturers provided assistance in the form of comments, explanations,

questions and suggestions. Participants were provided with additional ways to solve

problems.

The technique employed roughly follows the Kuhnian model (1970) for a paradigm

change during a scientific revolution and especially Posner et al. (1982) adaptation of

it. With the simulated activities, the teacher's implicit ideas were made explicit. With

the introduction of an analogy or anomaly, an attempt was made at inducing

dissatisfaction with existing conceptions. The new conception presented wou1d

initially be minimally understood, which after some classroom work wou1d become

more plausible and fruitful to explore.

The intervention programme was structured around the cognitive model for

conceptual change. The focus was on the teacher as cognizing being and peer

collaboration was mainly used to strengthen the individual change.

4.6 THE SUPPORT PROGRAMME - BUILDING A TEACHER LEARNING
COMMUNITY

A practising teacher does not have access to ongoing development and support in a

classroom setting which promotes idea sharing or peer support. Networking allows

the teacher to communicate ideas and thoughts and to raise questions and concerns.

The use of networks provide a safe, convenient opportunities for conversation and

reflection, moral support, and assist in breaking down institutional hierarchies and

barriers that teachers experience in their classroom settings (Hester & Songer, 1997).
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Goodlad (1998) proposed two fundamental conditions needed for collaboration to be

effective: (1) frequent opportunities to share experiences with other persons in similar

roles, and (2) opportunities to reflect upon how theory and research can inform

practice.

One of the conditions for participation in TISP was that at least three teachers from a

particular school should participate. Preference was given to applications where all

the teachers from a particular grade at a particular school applied. In the end the

twenty-six participants came from six schools.

A three-tier support network model was put into place. On the first tier there was the

local network at a particular school where the participating teachers met. Many of

these network sessions were impromptu with teachers experimenting with an idea and

then offering to teach it for a colleague. The more structured first tier meetings were

held with the College lecturer who was assigned as the mentor for that group.

The second tier network, or area network, consisted of the participating teachers in

neighbouring schools who met to exchange ideas. This was also an unstructured

meeting with teachers being encouraged to meet with colleagues from neighbouring

schools and to exchange materials.

The third tier network, or global network, consisted of the whole group meeting at a

designated place to share and exchange ideas. The Director of TISP called these

meetings and the focus was to identify general problems and the sharing of

experiences with the whole group.
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Level Participants

Teachers at ft IDealschool

Fig. 4.2 Network structure for TISP

This structure of the network brought together a group of teachers who would engage

in mathematical discourse. This organisation has been called a community of practice

(Lave & Wenger, 1991) or a learning community (Riel & Fulton, 1998, Brown &

Campione (1990) or teacher learning community (Ruopp, et. al, 1998). A learning

community is a group of people who share a conimon interest in a topic or area, a

particular form of discourse about a phenomenon, tools and sense-making approaches

for building collaborative knowledge, and valued activities.

Learning communities share a way of knowing, a set of practices, and shared value of

the knowledge that comes from these procedures. It brings together teachers in

directing the course for teaching and learning in new ways. They reflect on practice,

share expertise and build a common understanding of new instructional approaches,

standards and the curriculum. Communities of learning can be used effectively as

means to promote reflective educational practice.

Learning communities recognize that the learners arrive with different skills, with

different experiences and interests and build this diversity into the learning context.

They build from each other's strengths and develop competence in areas where they

are most skilled or motivated and can pull others who are weaker in these areas up

with them.
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In such a learning community there is no centralized source of expertise in the group:

learning goes back and forth in many directions as all of the different partners work to

understand the best ways to blend rich content into the learning environment. A

teacher learning community therefore differs in one important respect from Lave &

Wenger's community of practice. Whereas Lave & Wenger proposes the distinction

expert and newcomer to distinguish between the level of expertise of the participants

of a community, no such distinction exists in a teacher learning community.

The most important difference between the traditional classroom setting for learning

and teacher learning communities is ownership of the resources and direction of

learning. The inclusion of so many different people with different expertise does not

place control in the hands of an individual. Instead control is an interactive process as

the community works together to build a shared understanding.

A teacher learning community is also a knowledge-building community (Woodruff,

et. al., 1998). The community consists of a group of individuals who engage in

discourse for the purpose of advancing knowledge of the collective - to engage in

what Scardamailia & Bereiter (1994) calls knowledge building. The participants in

each community each bring their varying experiences and perspectives to the group

and in the interaction, new understandings are created.

Woodruff et. al. (1996) suggested that a learning community is held together by four

cohesion factors:

1) Function, which describes the goals of the community.

2) Identity, which is the validation of self through membership.
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3) Discursive participation, as the means by which the member's discourse

contributes towards the community's goal.

4) Shared values, which are the global beliefs held by the members that unite them.
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Mentor scaffolding during the support phase consisted of various activities. The

mentors were required to act as:

• Advisor when called upon to give advice on pressing issues, e.g. assessment.

• Co-planner to help with the planning of lessons and or modules

• Co-teacher to teach with the teacher when requested to do so. This meant that the

College lecturers had to go to the schools and teach the lesson in the participating

teacher's class.

4.8 THE PARTICIPANTS IN THIS STUDY

Although twenty-six teachers participated in TISP, four teachers were selected for this

study. The selection of participants was based on willing participation, as well as

factors like teaching experience, the environment in which the school was situated

and socio-economic issues. The group consisted of three males and one female and

their teaching experience ranged from 5 to 31 years. One teacher was selected because

the school is situated in an informal housing settlement, while another taught at a

more rural school. One teacher was selected because he had no training as a

mathematics teacher, yet taught mathematics.

Fiona is a Head of Department at a middle class school. The school is well equipped

and the principal is supportive of teacher initiatives to learn. Fiona has over 20 years

of teaching experience that includes a stint in Australia. She describes this experience
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as an enlightening one that helped her to reflect far more on her own practice. She

teaches Mathematics to Grades 5 and 7, as well as languages to Grade 5. She has

teaching diploma from a College of Education, but likes to "keep on top of what is

happening in her subject". She attended one other learning programme two years prior

to TISP.

Victor is a 26-year old teacher with five years of experience. He started TISP while he

was at the same school as Fiona, but was later redeployed to another school. His first

priority is to hold a permanent position at a school. He qualified at a College of

Education with no major in Mathematics, but now teaches Mathematics, Geography,

History and Languages to Grade 4. He agreed to teach Mathematics because he

believes that with the rationalization policy of the educational authorities it was better

to teach a subject with no tertiary qualification than to be without a job. For the first

part of the support programme he was at the same school as Fiona, but spent the last

part at the school to which he was redeployed.

Theo is a 30-year-old teacher at a school situated in a vast informal housing

settlement. He lives in the community and is very involved with community affairs.

He qualified at a College of Education with Mathematics as a major subject. He now

teaches Mathematics to Grades 4 and 5 and languages to Grade 4.

Peter has fifteen years of teaching experience, which includes teaching Mathematics

to Grades 8 to 11 in a high school. He has a strong Mathematics background having

attained his College diploma with Mathematics as a major, but also a Diploma in

Mathematics Education from one of the non-governmental organisations involved in
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teacher learning. He is also keen on keeping abreast with developments in

mathematics education and often attends conferences and workshops. He teaches

Mathematics to Grades 7 and 8, as well as Science to Grade 8 at a school that is

situated in a more rural setting.
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CHAPTERS

THE INSTRUMENTS TO INVESTIGATE CONCEPTUAL CHANGE

5.1 INTRODUCTION

The teacher's conceptions are highly personal in nature and do not easily lend them to

empirical investigation. Various quantitative and qualitative methods have been used

to study teachers' beliefs and conceptions. These include Likert-scale questionnaires,

interviews, classroom observations, stimulated recall interviews, linguistic analysis of

teacher talk, paragraph completion tests, vignettes and concept mapping exercises

(Thompson, 1992). Research design also varies from the administration of

standardized belief inventories to ethnographic case studies.

An interpretative research methodology was utilised in this study as this approach

"provided the meanings and purposes attached by human actors to their activities"

(Guba & Lincoln, 1989, p. 106). Interpretative research is primarily concerned with

human understanding, interpretation and intersubjectivity. Central to interpretivism is

the idea that all human activity is fundamentally a social and meaning-making process

and research is an attempt to reconstruct that experience. Furthermore, it also assumes

that identifiable social groups construct meaning from intersubjective meanings

(Eisenhart, 1988). Therefore, for the researcher to understand the activity of the social

group, one "must enter the world of interacting individuals" (Denzin, 1978, p. 8).

Data collection was done through participant observation (Spradley, 1980). This

ethnographic method is a means for the researcher to be both involved and detached

from the topic of the study. Eisenhart (1988) has referred to this as a "schizophrenic
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activity" in which the researcher learns to become part of the group and on the other

hand try to look at the scene as an outsider. My involvement in the intervention

component of TISP was very much direct in the sense that I was one of the

facilitators. During the support component, I acted as a mentor to provide scaffolding

to the teachers as they grappled with establishing the teacher learning communities.

The criteria for interpretative inquiry include trustworthiness, authenticity and the

benefits of the hermeneutic process. Trustworthiness 'was enhanced by the prolonged

engagement with the teachers. A hermeneutic cycle was employed in developing and

testing assertions as the study progressed. Emerging conceptions were tested and

refined in the light of further evidence. Triangulation involving the use of multiple

data sources increased the probability that emergent conceptions were consistent with

a variety of data. With extended engagement, the tendency for participants to exhibit

contrived behaviours was reduced.

Although the interpretative research paradigm is normally associated with qualitative

methods, quantitative methods can also be used. In this chapter the four instruments

that were used to investigate the teachers' conceptions on mathematics, the teaching

and learning of it and the context will be discussed. Each description will include an

overview of the development of that instrument, the way in which it was applied as

well as comment on the quality of it.
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5.2 THE QUESTIONNAIRE

5.2 1 Development

In the compilation of the questionnaire, the test items were drawn from previous

investigations by Pehkonen (1995), Furinghetti (1996) and Gatuso & Mailloux

(1994). Pehkonen (1995) developed a questionnaire of thirty two test items that was

adapted by Furinghetti (1996) to gather information on five aspects of teachers'

pedagogy: orientation to problems, space given to autonomy, personal initiative and

personal construction of knowledge, learning based on repetition and automation,

views on mathematics and ideas on student learning. The results showed that the

teachers' conception of mathematics played the most significant role in determining

pedagogy. (Furinghetti, 1994).

Gatuso and Mailloux (1994) developed an inventory of fifty questions that were

formulated as statements starting with: "A teacher of mathematics should ... " These

test items were meant to reflect different philosophies about the teaching of

mathematics. The questionnaire was given to elementary and high school teachers

who were asked to select 5 to 10 conceptions and to rank it in order of importance.

The results showed that the high school teachers were mostly interested in how pupils

learn, while the elementary school teachers favoured open approaches to teaching.

The first draft of the pilot questionnaire consisted of twenty-eight questions with

seven questions in each of the four categories. This questionnaire was completed by

thirty Higher Diploma in Education (HDE) students at Western Cape College of

Education (WCCE). Scale analysis of the responses was done with the statistical

software application STATISTICA. The highest returned value for Cronbach's alpha
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coefficient, which is a measure of test reliability, was 0.68. Generally a value of 0.70

is deemed as acceptable. Also some of the items showed no standard deviation. These

test items with low discrimination value were then discarded and in order to increase

the validity, the number of test items were increased to thirty-two,

·The revised questionnaire was then given to twenty-eight in-service teachers doing

the Further Diploma in Education (FDE) course at the University of the Western Cape

(UWC). The value returned for Cronbach's a this time was 0.79. The same

questionnaire was given to the twenty-six participants in the TISP programme and the

returned value for Cronbach's a was 0.73. The questionnaire was then deemed to be

reliable.

5.2.2 The procedure

Each question was formulated as a conception of what a good mathematics teacher

should do. The following are examples of test items for each of the foul' categories.

A good mathematics teacher should:

• Focus on the rules, facts and procedures of mathematics that the learners must

master (Mathematics).

• Work step by step, explaining each step in great detail (Teaching)

• Place the learners in situations where they can explore and discover the

mathematics by themselves (Learning)

• Work in a stimulating environment with lots of teaching aids, e.g. calculators,

available (Context).
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The respondents were requested to rate each statement on a scale of I to 5, where 5

indicated absolute agreement, I total disagreement and 2 - 4 the somewhat in between

view. The participants were requested to complete the questionnaire before entry to

TISP and again close to the completion of the support component ofTISP.

5.2.3 The quality of the questionnaire

The final questionnaire (Appendix B) consisted of 32 test items, with 8, 9, 8 and 7

items on the four categories mathematical, teaching, learning and environmental,

respectively. Subsequent reliability analysis was also done on each of the categories

and the results show that with the exception of the Context category, Cronbach's a

exceed the cut-off of 0.70.

Category No. of items Cronbach's a

Mathematical 8 0.88

Teaching 9 0.74

Learning 8 0.76

Context 7 0.68

Table 5.1 Reliability of the four scales expressed in Cronbach's alpha

The fact that four categories were identified raises the question of dependence of

these categories. All the questions were aligned to the conceptions of RME outlined in

paragraph 3.10. Each statement that supported the RME conceptions was scored as x,

while those statements that do not support the conceptions ofRME was scored (6 - x)

where x represents the participants score. The following example will illustrate this

approach.
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The statement "A good mathematics teacher should manage the classroom in such a
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way that the learners can learn by themselves", was regarded as supportive of RME

and therefore the participant's score was kept. A statement like "A good mathematics

teacher should work step by step, explaining each step in great detail" was viewed as

not aligned to RME and therefore scored as (6 - x), where x is the score assigned by

the participant.

Dependence of the various scales was determined by calculating the correlation

among the four categories and the results are shown in the next table.

~ 0.0
Cl Cl ....

<Il
.... ....

~.Cl e~ CJ
t'S t'S t'S Cl

~
~ ~ 0
~ ~ U

Mathematics 0.44 0.62 0.48

Teaching 0.53 0.37

Learning 0.43

Context

Table 5.2 Correlation between the four categories

It is generally acceded that a questionnaire is not a suitable instrument for measuring

behaviour. However, it provides a means of accessing the teacher's conceptions. In

this case it would be the teacher's espoused conceptions which mayor may not be

distinct from the enacted conceptions (Goldsith & Schiftcr, 1997).
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5.3 REPERTORY GRID

5.3.1 Development

The Repertory Grid is a simple construct elicitation technique that is based on George

Kelly's (1955) Personal Construct theory. In this theory, Kelly gives an account of

how people experience the world and make sense of that experience. He places people

in the position of scientists who use their perceptions as data or elements to form

constructs. Constructs provide a framework of meaning for each person and the

construct system enables the person to act in the world with a reasonable expectation

of being able to predict and, to some extent, control the course of events. When a

construct system, and the constructs within it, meet this expectation, the system is

strengthened or validated. When the system or any constructs within it, fail to yield

working predictions, the person needs to re-construe, or look for other ways to make

sense of the experiences that formed the basis of the original construct.

Kelly's full theory derives from a constructivist perspective that emphasises the

individual's interpretation of meaning. According to Kelly, people develop dialectical

descriptors, or personal constructs, of events by construing their similarities and

differences. Our construct system reflect our constant efforts to make sense of our

world, just as scientists make sense of their subject-matter: we observe, we draw

conclusions about patterns of cause and effect, and we behave according to those

conclusions. A person's construct system represents the truth, as the person

understands it. This implies that such a construct system need not be internally

consistent. In fact people can and do live with inconsistencies within their construct

systems. Our construct systems are not static but are confirmed or challenged when

we are conscious.
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Kelly developed the Repertory Grid technique as a means of getting people to reveal

their construct system. The term repertory derives from repertoire - the repertoire of

constructs that a person has developed. A Repertory Grid is a matrix representing the

relationship between elements and constructs. The set of objects chosen is called the

elements and what the user is asked to characterise these elements is called the

constructs. Constructs are bipolar dimensions used to group clements into clusters

based on their similarities Ol' differences.

Since each construct represents some form of judgement or evaluation, by definition

they are scalar; that is the one can only exists in contrast to the other, The process of

taking three elements (triad) and asking for two of them to be paired in contrast with

the third is the most efficient way in which the two poles of the construct can be

elicited.

Construct values can be given for each element on a limited scale between two range

end points (the left and right poles). For example, presented with three teaching

approaches to addition of fractions (the elements), the teacher may choose concrete

approach as a construct that characterises two of these approaches, and too abstract

as the distinction. The left and right poles of this construct are then defined as

concrete/ abstract. It is sensible to define scales for these constructs because there

may be intermediate values for this.

In order to assist in the elicitation of further attributes, it is possible to assess the

pairwise similarity of known elements. One approach would be to use a distance
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measure where the lower the distance between two elements, the more similar the

clements are deemed to be. Gaines & Shaw (1986) have suggested that distance-based

methods can portray two-sided relations between constructs, but it cannot derive one-

sided inferential relations. They suggest that a logical analysis of constructs entail the

interpretation of a repertory grid as fuzzy grids. As measures of the asymmetric

relationship between two constructs, Gaines and Shaw (1986) propose truth and

information measures.

Personal construct theory has been applied to study teachers' knowledge (Lehrer &

Franke, 1992), teacher's implicit theories of teaching and learning (Hunt & Gow,

1984) and teachers' beliefs about mathematics (Williams et. al., 1997) and immediate

teaching behaviour (Dolk, 1997).

5.3.2 Procedure

The participants were presented with six problem sets (Appendix C), that consisted of

two sets of teaching approaches to fraction concepts and learner responses to fraction

problems. Each problem situation consisted of a triad of elements. The three triads on

teaching included approaches that ranged from a mechanistic to a realistic approach

(Streefland, 1988). The three triads on learner responses varied from algorithmic

responses to the learner's own productions. These problem sets were then given to the

participants in this study.

The teachers were then asked to identify in each triad which two teaching approaches

(or learner responses) were more similar and how it differed from the third one. The

differences and similarities obtained in this way formed the teacher's personal
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constructs. A minimum of twelve bipolar constructs was obtained in this way (six for

teaching and learning each). Following the presentation of the triads and the

elicitation of the constructs, the teachers were shown the list of constructs that was

generated and to verify it.
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Each teacher was then requested to rate the degree to which the elicited construct was

important to each of the 18 elements. A rating of 1 indicated it had no relevance, 5

meant total relevance and 2 -4 the in-between view. The result was a repertory grid

matrix as indicated in Table 5.3, which serves as an example to illustrate the repertory

grid method. The letters of the alphabet (A, B, C) indicate the different elements in

each triad of the three clements.

CONSTRUCT lA 1B 1C 2A 2B 2C 3A 3B 3C
Provides too much information. 5 3 3 4 3 2 2 1 5

The teacher enforces her 5 3 1 5 4 2 2 2 4

method.

Too abstract. 2 4 4 3 3 5 3 4 1

Table 5.3 Sample repertory grid on teaching constructs.

The three constructs are provides too much information, the teacher enforces her

method and too abstract. The Icttcrs 1A, 1Band 1C refer to the triad of problems in

one problem set. The numbers refer to the teacher's rating of the particular construct

to the particular clement in the triad.

In the next step the teachers wcrc asked to indicate relationships between the various

constructs. This was done by placing the various constructs on a sheet and then asking
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the teachers to draw arrows to connect constructs. Figure 5.1 shows the result after the

relationships have been established among the constructs listed in Table 5.3.

..
I

Too much information provided I
At.

~I Too abstractTeacher enforces
methods

Fig. 5.2 Sample relationships among teaching constructs

The implication structures that emerge from this example arc:

Too abstract --+ Teacher enforces her method --+ Too much information.

Teacher enforces method ~ Too abstract.

When the repertory grid technique was applied for the second time close to the

completion of the support programme, the teachers were shown the original constructs

and invited to add new constructs. This served the dual purpose of eliciting new

constructs that the teachers may have formed and also to determine the extent to

which existing relationships among constructs have changed.

5.3.3 Analysis

Interpreting the repertory grid as a fuzzy grid and calculating the truth and

information measures of the asymmetric relationship between two constructs « biblio

» did the analysis of the repertory grid.

The truth of the relationship between two constructs TI -t T2 is an indication of how

strong the relationship TI -t 1'2 is supported by the data. It is 1 if all the values
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applicable to TI are less than or equal to the values ofh. Gaines defines the surprise

at an event as minus the logarithm of the probability ascribed to that event before it

occurred. It qualifies the truth by reducing the about the event and then deriving the

average uncertainty over all events. The calculations for truth and information values

are shown in detail in Appendix D. The following table illustrates the results of the

calculations for the relationships between the constructs in Table 5.3

teacher enforces her method .. Too abstract

Table 5.4 Sample truth and information values

In the final selection of relationships between constructs, cut-off points were set at

0.25 for truth-values and 0.30 for information values.

5.4 THE INTI~RVIEW

5.4.1 Development

An interview (Appendix E) was conducted with all the participants prior to the

commencement of the TISP and again close to the completion of the programme.

These interviews were semi-structured, with clearly identified themes to be covered as

well as suggested questions. The semi-structured interview is "characterised by an

openness to changes of sequence and forms of questions in order to follow up the

answers given and the stories told by the subject" (Kvale, 1996, p. 124). Therefore, it

III
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was hoped that by not structuring the interview too closely, what teachers believe to

be important would emerge from the interview.

The following table indicates the themes that were covered in the interview, as well as

a representative question for each theme.

Good teaching

Planning

Resources

Mediation

Assessment

Theme i Example of question I

Image of self How would you describe your own abilities at doing mathematics?

Do you know anybody who is a good mathematics teacher? Why

do you regard the person as a good mathematics teacher?

With reference to a very good or excellent lesson that you have

taught in the immediate past, describe how you planned the lesson.

_._--_ ..-
With reference to the same very good or excellent lesson, describe

the resources that you have used. (Resources refer to both concrete

materials as well as real life experiences)

With reference to the same very good or excellent lesson, which

strategies do you employ to help learners to look critically at what

they have done?

--_._------_._-------
With reference to the same very good or excellent lesson, what did

you hope to achieve?
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Why do you say so?

Environment Which factors at school do you regard as impediments for the type

of teaching you would like to provide?

Reflection To whom do you turn for advice when you want to improve on a

particular lesson plan or presentation?

Table 5.5 Themes covered and representative questions

The same interview format was used before TISP and close to the completion of the

programme. However, for the second interview, emphasis was placed on how the

teacher perceived changes have occurred in each of the themes. A database therefore

consisted of eight interviews, two with each participant.

5.4.2 Analysis

A grounded theory approach was used for the analysis of the interviews. Glaser &

Strauss (1967) provided an overall grounded theory strategy for examining the human

experience of participants, which involve developmental processes of change over a

sustained period. It requires the researcher to be close to these experiences as it

happened. The strategy described by Strauss & Corbin (1990) was used for the coding

procedure.

Essentially, the grounded theory approach is a systematic set of procedures to develop

an inductively derived grounded theory about a phenomenon (Strauss & Corbin,

1990). It assumes that the processes of data collection, coding, analysis and theorising

113

https://etd.uwc.ac.za/



are simultaneous, iterative and progressive. The researcher begins by compiling a

stock of accurate descriptions of relevant social phenomena. Hypothesizing about

relationships among them, which may be tested using other parts of the data, follows

this. From the growing accumulation of data indicating the relationships the

researcher develops the grounded theory.

I,

The building blocks in the grounded theory approach blocks are the "seed-concepts",

constructed from the researcher's own experiential background. The first, most basic

elements of the emerging theory are the categories of facts derived from the data and

their properties. The derivation process of discovery is a series of coding activities

where facts are constantly compared and conceptualised in order to find underlying

structures and linkages. Subsequent coding serves either to confirm the created

categories or will refine, extend or modify them to fit the new data. Strauss & Corbin

(1990) introduces the notion of"thcoretical sampling" to indicate the process whereby

the coding and analysis done at the initial stages determines the subsequent data to be

collected. As the research study progresses coding subsides and analysis and theory

building become more dominant. Concepts that emerge from the data and from

literature are compared and contrasted to establish hypotheses, which are then refined

and elaborated into theory. Thus coding eventually develops into memo writing where

the issues emerging are documented.

The choice of a grounded theory approach was guided by the following

considerations:

• The study documents the human experience of participants, which involves

developmental processes of change over a period of time. Strauss & Corbin (1990)
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describe this approach as apt for studies that look at human experience, interaction

and change in group settings.

• It provides a means of getting contextual interpretation of the research results.

Thus, the complexities under which the teachers' conceptual change can be studies

by also focusing on the context in which it takes place.

• The grounded theory approach provides the researcher with a structured method

that ensures that the emerging theory is closely connected and consistent with the

empirical data.
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5.5 THE LESSON OBSERVATIONS

5.5.1 Development

Classroom observations provide us with a framework for analyzing the complex

interactions that occur in a classroom. Observational techniques can broadly be

classified as either quantitative or qualitative. Quantitative or direct observation is a

basic measurement technique where what is to be measured is specified in great

detail. A systematic procedure is then devised to identify, categorise and record the

observed behaviours.

Qualitative observational research differ from quantitative in the scope of the

observation: whereas the latter focuses on carefully defined behaviours that can be

expressed as variables, the former looks at larger trends, patterns and styles of

behaviour (Adler & Adler, 1994). Qualitative observation also differs from

quantitative observation in terms of methodological approach (Croll, 1986). In

systematic observation, the observer devises a set of systematic rules for recording

and classifying classroom events. Results are reported in numerical terms as
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percentages or averages and analysis usually involves quantitative assessment. The

ethnographic method involves an observer who analyses behaviours through

descriptive notes and verbatim accounts. Results are usually descriptive in nature.
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A qualitative approach was favoured for two reasons:

(a) It allowed me the freedom to search for categories and concepts that are

meaningful to the participants.

(b) The nature of conceptions makes it virtually impossible to measure directly.

Rather, it but has to be inferred.

The qualitative methodology consists of various different approaches which often

overlap and whose distinctions are subtle. The type of approach used depends on the

research question and/or the discipline the researcher belongs to. For instance,

anthropologists commonly employ ethno-methodology and ethnography, while

sociologists often use symbolic interaction and philosophers frequently use concept

analysis. The research questions in this study made a grounded theory approach the

most feasible one. In this theory approach, the researcher is responsible for

developing theories that emerge from observing the individual or group. The theories

are "grounded" in the individual or group's observable experiences, but researchers

add their own insight into why those experiences exist. In essence, grounded theory

attempts to reach a theory or conceptual understanding through step wise, inductive

process (Corbin & Strauss, 1994).

I saw my own role as that of an active-member-researcher (Adler & Adler, 1994). The

active-membership role entails becoming involved in the settings' central activities,
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assuming responsibilities that advance the group, but without fully committing

themselves to members' values and goals. Observers in this role take an overt stance

as they forge close and meaningful links with setting members.
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My own role was partially defined by my involvement in the intervention session. As

a mentor I had to become a participant in the context. However, I had to be careful not

to stimulate nor manipulate the participants, but to make sure that I study the teachers

in the natural context of the classroom to witness connections, correlations and

causes.

5.5.2 Procedure

Each teacher agreed to teach three lessons of their choice, which they believed to be

good examples of their own teaching. The duration of these lessons ranged from 20 to

35 minutes. Since field notes is the core of the active-member-researcher technique,

specific and detailed descriptions were constructed of the setting and what the teacher

was doing or saying in class. These lessons were also video recorded. From the video

recording and field notes it was possible to construct "thick descriptions" which

encapsulated both the action (field notes) and the talk (transcripts). The observations

were followed by brief post-instruction interviews, which were conducted mainly to

clarify teachers' actions for some of the issues that had emerged during the lesson.

For example, a teacher would be interviewed to illuminate a particular sequence of

representations or clarify what was perceived to be an inconsistency or

misconception.
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In total there were 24 video recordings of lessons together with field notes on each

and post-instruction interviews.

5.5.3 Analysis

In the analysis of the lessons, the grounded theory approach outlined in 5.4.2 was

followed. The categories and sub-categories outlined in 5.4.3 arc actually the result of

the combination of the analysis of the lesson observations and the interviews. The

main difference lies in the fact that the teacher's espoused conceptions could be

accessed from the interviews, while the lesson observations gave insight into the

enacted conceptions.

One of the limitations associated with observations is observer effect. This relates to

how much the subject's behaviour changes as a result of being observed. For

example, how much does the teacher and learners behaviour change as a result of

having the researcher present in class? Fortunately, the mentors were not strangers at

the schools because of the frequent visits paid to the schools during practice teaching.

However, a concerted effort was made to aqaint ourselves with the school, teachers

and to sit in classes to allow the learners to become accustomed to our presence.

Related to observer effects is observer bias. This occurs when the observer is needed

to make inferences from the observed behaviour. Certain characteristics of the

observer may lead to bias. For example, one may hold unfavourable attitudes about a

school because of its location. To overcome this problem, other mentors were also

instructed in the writing of field notes, which could be compared afterwards.
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Despite the limitations and weaknesses of using video-recordings, especially as it

relates to interference and disturbing continuity, it presented the opportunity to

observe huge amounts of fast-moving complex behaviour and to discover the complex

interactions in the lessons long after the lesson was completed.

5.5.4 Markers of the teacher's conceptions

Conception of mathematics

On the teacher's epistemological conception of mathematics, the categories of

knowledge creation and knowledge justification were created. The indicators of

knowledge creation were identified as knowledge presented or knowledge created.

Similarly the indicators for knowledgejustification were identified as authoritarian or

shared. From this analysis a tree structure evolved that is illustrated in the figure

below.
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Categories Sub-categories Indicators

! Knowledge creation ~ Knowledge presented

Nature of mathematic Knowledge created

""" Knowledge justification" .. Authoritarian

\Shared.

Discovery/ Empirical ~Teaeher-directed

Mathematical practiceV Learner-directed

Mathematicalobjects(

=r=:: High focus

Low focus

processe~ High focus

Low focus

Point of+--: Textbook

Real world

Textbook

Real world

Application ~Tcxtbook Exercises

~roblems

Logical+:-: Teacher-directed

Learner-directed

Problem-solvin~Teacher-directed

~eal'l1er-directed

Direct teaching ----t ...~Teacher-directed

Table 5.6 Coding scheme for analyzing conception of mathematics
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Some of these categories will be briefly explained. The nature of mathematics refers

to the teacher's epistemological conception of how mathematical knowledge is

created and how it is justified. The mathematical knowledge can be presented directly

to the learners, or the learners can participate in a process of construction of

knowledge. The indicators for direct transmission or construction are therefore the

markers for the sub-category of knowledge creation. Similarly the indicators of

authoritarian or shared refer to how the teacher justifies the knowledge that was

created (or transmitted) in class. Authoritarian justification would refer to a situation

where the teacher is the sole authority and shared justification to one where the

learners are actively engaged in the justification process.
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Conception of teaching

The coding systems for the teachers' conceptions of teaching contain several sub-

categories that were structured around the main categories of the teacher's role and

the representational context. The table below highlights some of the markers for the

teachers' conceptions of teaching.
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CATEGORY SlJB-CATE(;ORY MARKERS

Representational context Grundvorstellungens and Basic notions

Individual Images Learner individual images

Connections With previous work

With-in mathematics

With other school subjects

With reality

Source of activities Textbook

Reality

Resources used Experiential

Contrived

Organization of content According to textbook

Build on learner experiences

Discovery oriented

Other criteria

Teacher's role Learner activity encouraged Procedural

Application

Sense-making

Investigation/ discovery

Reflection

Goals/ purpose Authoritarian

Life related

Future use

- Classroom organization Cooperation encouraged

Individual learning

Learner control Teacher determined

Negotiated
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Table 5.7 The teacher's conception of teaching.
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Yom Hofe (1995) proposed the term "Grundvorstellungen" to describe the basic ideas

that underlie a mathematical concept. For example, some "Grundvorstellungens" or

GV's associated with the fraction concept are that a fraction is a part of one whole, an

operator, represents division, is part of a set of objects, etc. The teacher's GV's of a

mathematical concept directly determines the representational context. The more

elaborate it is, the greater the possibility for diverse representations for that particular

mathematical concept.

When the learners meet the learning context, the teacher's GV activates some

individual images (II's) in them. These lI's are the descriptive parallels of the

teacher's GV's. The learners use these II's to make sense of the learning context. This

notion of GV's and II's is useful to the teacher to plan and evaluate teaching

activities.

Connections refer to the links that the teacher makes throughout the lesson. These

connections may be to work previous done, to some real life situations or to some

future need of the learners. Furthermore, it may be implicit or explicit. The source of

activities refers to the learning situation that is used as main referents to build further

learner activities. The resources refer to the learning material (manipulatives) that the

teacher actually employs for the occasion. Finally, the way the mathematical content

is organized refers to whether it is based on something prescriptive like a textbook or

some criterion like "having fun" or on the experiential world of the learners.

The category of the teacher's role was reconstructed from the type of learner activities

observed. Various types of learner activities were identified for this purpose.
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Procedural activities refer to the stating of information or execution of tasks that are in

imitation of what the teacher had said or done. Sense-making activities are identified

when the teacher asks for explanations or reasons as to why "something works."

Investigation activities refer to teacher-guided empirical activities, while discovery

activities refer to open-ended problem solving where there is no direct method given

by the teacher. Finally, reflection as learner activity is identified when the teacher

encourages the learners to think about a procedure in order to formulate a response or

to generalize a particular solution strategy.
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The goal of the mathematics lesson refers to what the teacher provides as motivation

as to why the learners should master the mathematical content. Some indicators ofthe

goal would be a reference to some future need in mathematics or it may be life-related

or that the learners must master the content because the teachers said so

(authoritarian). The indicators for classroom organization will be whether it facilitates

learner cooperation or individual learning. Finally, the indicators for the learner

control strategy will be observed in terms of the social norms applicable in class and

the locus of control.

Conception of learning

The coding system for the teacher's conception oflearning consisted of two main

categories of the practice of learning and the nature of learning, each with several sub-

categories. The following table depicts the markers for the teacher's conception of

learning.
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Main category Sub-categories Indicators

Practice of learning Intervention strategy Planned

Ad hoc

Facilitation strategy Group work

Projects. etc.

Learning diversity Multiple solutions strategies

Level structure

Learner reflection Learner formulations

Generalization

Leamer feedback Form

Frequency

Interaction pattern Learner-learner

Learner-teacher

Nature of learning Understanding valued Procedural

Conceptual

Different solutions Level structure

Misconceptions Awareness

Incorporation

Assessment Form

Frequency
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Table 5.8 The teacher's conception of learning

The coding system for the teacher's conception oflearning was developed in much

the same way as the one for teaching. Initially an unsystematic Jist of factors was

jotted down. These markers became the core for developing indicators for sub-
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categories that were eventually grouped into two main categories, practice and nature

of learning.

On the practice of learning or how learners become competent, several sub-categories

emerged. The teacher's intervention strategy refers to the nature and the frequency of

the intervention. In this regard one can distinguish between planned conceptual

intervention and ad hoc intervention. While planned conceptual intervention is driven

by critical incidents in the lesson and maximizes pedagogical impact, ad hoc

intervention is more ritualistic.

The teacher's facilitation strategy is identified from markers such as peer cooperation

or from project work and other collaborative ventures. The teacher's awareness and

encouragement of multiple solution strategies, as well as how these strategies can be

refined to develop more sophisticated mathematics, reflect the learning diversity.

Learner reflection refers to the opportunities granted to the learners to either formulate

responses or to search for generalizations of their particular solution strategies. The

type of feedback that the teacher provides to the learners is also a marker for the

teacher's conception of the practice of learning. Indicators for the feedback will be

form and frequency. Finally, the interaction pattern is indicative of what kind of

communication is favoured by the teacher.

With regards to the nature of learning, the first marker would be the type of

understanding valued by the teacher. While procedural understanding refers to

knowing the rules and how to apply it, conceptual understanding incorporates both the

"how" and the "why". The learner's misconceptions can also be a powerful source of
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learning. It affords the teacher the opportunity to identify those sections that are not

properly understood and to develop a deeper understanding of the mathematical

content.

The teacher's awareness of various solution strategies creates the opportunity to

classify these strategies and to use this classification to develop more abstract

solutions. The learner strategies can therefore be continuously refined through various

levels starting from concrete to symbolic.

The issue of assessment was only highlighted insofar as continuous assessment was

used as an instrument to facilitate learning. Assessment is closely associated with the

issue of the learner's individual images and was also considered in that connection.

Conception of the context

For the teacher's conception of the context, two main categories were identified. The

social context category includes the sub-categories of relationships with colleagues,

the principal and the learners. The indicators will be whether these relationships are

seen as enablers or disablers for the kind of teaching and learning that the teacher

would like to provide. It also includes the teacher's relationship with the school

governing structures.

The physical context refers to the physical environment in which the school is located,

the availability of resources as well other environmental aspects that are perceived as

impediments or supportive of the teaching and learning that the teacher wants to

provide. The indicators, sub-categories and categories are indicated in the table below.
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CATEGORY SUB-CATEGORY INDICATORS

Social context Relationship with colleagues Enabling- disabling

Relationship with principal Enabling- disabling

Relationships with learners Enabling- disabling

Relationship with parents Enabling- disabling

Relations with school Enabling- disabling

governance body

Physical context School location Enabling- disabling

Socio-economic factors Enabling- disabling

Availability of resources Enabling- disabling
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Table 5.9 The teacher's conception of the context,

5.6 "FINAL COMMENT ON THE QUALITY OJ? THE INSTRUMENTS

Both the interviews and the lesson observations were located within the ethnographic

tradition. According to Eisenhart (1988), the nature of ethnography makes it

potentially strong in validity, especially internal validity. The long period of liaison

that the researcher had with the participants and the fact that the teachers were studied

in the classroom settings, increase the chances that the constructs and procedures will

make sense in the social reality of the teachers that participated in this study.

According to Adler & Adler (1994) observations increase rigour when used in

conjunction with other methods. The use of multiple data sources in this study made

triangulation against information gathered through other means, possible.

The quality of the questionnaire was calculated statistically by computing Cronbach's

ct for the questionnaire as a whole, as well as for the four sub-categories. The results
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showed that it was acceptable. Similarly, for the repertory grid, the quality of the

instrument was enhanced by selecting only those relationships among variables with

an information value of more than 0.30 and a truth value of higher than 0.25. Taken

together, the four instruments used in this study were of good quality to elicit the

teachers' conceptions of mathematics, the teaching and learning of mathematics and

the influence of the context. In the next chapter the results of the investigations will be

reported.
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CHAPTER6

TISP AND CONCEPTUAL CHANGE IN TEACHERS

6.1 INTRODUCTION

In the previous chapter the various instruments that were developed to document

conceptual change in primary school mathematics teachers was discussed. The teachers

participated over a period of six months in the Teaching Intervention and Support

Programme (TISP). Four teachers in the group consented to complete the questionnaire,

construct a repertory grid, be interviewed and be observed in a classroom setting teaching

lessons that they perceived to be representative of their teaching style. The same

instruments were applied before and after TISP.

In the next paragraphs the results of each of these instruments for each of the participants

will be discussed. The questionnaire and the interviews provide information on the

teacher's professed conceptions, while the lesson observation gives insight into the

teachers' enacted conceptions of mathematics, the teaching and learning of mathematics

and the context. The use of the repertory grid is a means to overcome the barrier of the

teachers' inability to enunciate their conceptions because they may lurk deep and beyond

easy articulation while at the same time avoiding the risks of inferring conceptions from

the lesson observations. The various instruments therefore complement each other to

obtain a more complete picture of the conceptions that the participants hold.

In chapter 3 the teacher's conceptions of mathematics, of the teaching and learning of

mathematics and the context, was operationalized. The teacher's conception of

mathematics was described as composite of:
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• An epistemological conception, i.e. what is the nature of mathematical knowledge

and how is it justified?

• An ontological conception, i.e. what is the nature of the mathematical objects?

• What are the elements of mathematical practice, i.e. what is the nature of

mathematical activities?

• What is the domain of application of mathematics?

The teacher's conception of mathematics teaching is focused on:

• How does the teacher see her role?

• What is regarded as an appropriate representational context?

The teacher's conception of mathematics learning focuses on:

• What does it mean to be competent in mathematics? (Nature of learning)

• How does a learner become competent in mathematics? (Practice of learning).

Finally, the teacher's conception of the context is focused on:

• Social context;

• Physical context.
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While these different constituent conceptions for each of the major conceptions can be

identified, it has to be understood that these conceptions are not mutually exclusive but

function individually and collectively to influence a particular major conception. This

means that deriving a conception on for instance mathematics may be co-determined by

the conceptions of learning andlor teaching andlor the context.

The particular view of conceptual change adopted in this study was to integrate a

developmental view with a scio-cultural view of conceptual change. According to the
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developmental view conceptual change is achieved through the acquisition of new

conceptions or the discarding or reorganisation of existing conceptions. The result is

either an expansion or contraction or re-organisation of the existing conceptual

framework. Socio-cultural analyses of conceptual change places the focus on the context,

and especially the individual's relationship with the context. Conceptual change is

indicated by how the context is perceived, and especially being able to differentiate

between various contexts. New habits and skills indicate new ways of acting and being

within the revised context.

6.2 THE QUI~STIONNAIRE

6.2.1 Introduction

The development of the questionnaire was discussed in paragraph 5.2 and the conceptions

of mathematics, of teaching and learning and of the context were operationalized in

paragraph 2.5. The following table shows how the questions in the questionnaire can be

related to the constituent conceptions for each of the major conceptions held by the

teachers.
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.
Conception Constituents Example

Epistemology Encourage learners to find meaning behind

IZJ mathematical procedures
U...... Ontology Focus on the rules, facts and procedures thatf-<

~

the learner must master

Mathematical practice Concentrate on computational skills

~ Application domain Show how mathematics can be used as a tool

for a better understanding of the real world

Teacher's role Work step by step, explaining each step in
C>

~
great detail.

___.,.-----._._- .. ~----U Representational Present mathematics in interesting ways, e.g.~
~ context puzzles, games, etc.

Nature Call on learners to explain their strategies,

~
Practice Place learners in situations where they can

C>W z explore and discover by themselves.....:I

Social context Manage classroom in such a way that students

~
can learn by themselves

f-< Physical context Work in a stimulating environment with lots
5 of teaching aidsU

'-----:-----
Table 6.1 Markers of conceptlens in the questionnaire.

The teachers were requested to rate each of the thirty-two statements on a scale of 1 to 5,

where 5 indicated absolute agreement, 1 total disagreement and 2 - 4 the somewhat in

between view. This rating allows for the following possibilities for conceptual change:

• Addition of a new conception, as indicated by a total change from either absolute

agreement to total disagreement.

• Deleting an existing conception, as the parallel process of addition.

• Modifying an existing conception, as indicated by changes of magnitude less than four.

The section on context indicates the socio-cultural view of conceptual change.
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6.2.2 VICTOR

Conception of mathematics

Fig. 6.1 Victor's conception of mathematics from the questionnaire

Meaning

Problem·solving

Logical reasoning

Common sense

Computation

Real-world
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Rules-based

I 0 1I
!
L

2 3 4 5

Victor's conception of mathematics before TISP is a rather static one. Mathematics is

seen as a set of rules, facts and procedures that must be followed. The procedure to

establish mathematical truth is through logical reasoning. The facts, rules and procedures

also become the objects in a mathematics class. The development of computational skills

is regarded as important while problem-solving skills is not.

Furthermore, mathematics is not seen as a tool that will lead to a better understanding of

the real world. Rather the emphasis is on developing computational skills. That these

skills must be developed in isolation is shown by the Victor's conception that

mathematics should not be integrated with other school subjects. Victor's pre-occupation

with rules, facts and procedures and the importance of computational skills, clearly shows

a bias towards mathematical products. Numerous other conceptions, such as the emphasis
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on computational skills and the insistence that there is only one way to solve a problem,

support this conception.

Victor's conception of mathematics before TISP can be described as a predominantly

absolutist conception. However, this conception shows significant changes after TISP.

Greater emphasis is placed on the role of applying common sense to solve mathematical

problems. There is a shift away from an emphasis on facts, rules and procedures and

problem solving is more prominent. Again the pattern of an alternative conception to the

absolutist one previously held in truc form is contradicted by the fact that logical

reasoning as the predominant means for justifying mathematical knowledge is still held in

high esteem.

The domain of application of mathematics also shows a shift to using mathematics as a

tool to solve real world problems. This change in conception is supported by the higher

emphasis placed on problem solving. There is also a significant shift towards the

integration of mathematics with other school subjects.

Victor's responses after TISI' shows a marked decline in the conceptions that support the

product view. However, one cannot deduce that Victor now support a process view based

on the evidence from the questionnaire.
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Victor's conception of mathematics before TISP conforms to the mechanistic conception

(Streefland, 1988, Treffers, 1991) where mathematics is seen as based on rules that are

given to learners to verify and apply in similar situations. The conception of mathematics

after TISI' is more difficult to classify as it contains clements of a realistic and a
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mechanistic conception. The conclusion therefore is that these conceptions co-exist as

"competing" conceptions (Desmastes et al., 1995), which may be held without any

significant discomfort.

Conception of teaching

Flg.6.2 Victor's conception of teaching based on questionnaire

Build on misconceptions

Answer not method

Prior knowledge first

Direct

Interesting

Sequencing

Systematic

2 3 4 5o 1

I
L

Victor's conception of the role of the teacher before TISP is predominantly that of a

dispenser of structured information. He believes in a systematic approach to teaching. The

content should be carefully sequenced and each step must then be explained in great

detail. Establishing the necessary prior knowledge as a foundation to build the first step is

very important in this kind of approach. The picture of active teacher and passive learners

is contradicted by his conception that learners should be involved in activities that are

meaningful to them.

All the conceptions that determine the teacher's role show a marked change, indicating

that teacher saw his role as a teacher differently after TISP. The conceptions on a

136

https://etd.uwc.ac.za/



137

systematic approach, the sequencing of learning material and the focus on getting to an

answer quickly all show marked differences. However, he continues to believe that

establishing the necessary prior knowledge before presenting the learning material is very

important.

Of the conceptions that constitute the conception of representational context, the one on

using many different approaches to teaching shows the most change before and after

TISP. He continued to believe strongly in making mathematics interesting through the use

of games, puzzles, etc.

Victor's conception of teaching before TISP corresponds to a mechanistic conception or a

conception of teaching as transmission of structured information from teacher to learner

(Trigwell, ct. al., 1994). The emphasis is on breaking the content into smaller steps and

presenting these steps to the learners. His role is that of dispenser of information. This is

however not held in a strict sense as he also believes in making teaching interesting,

which reflects some elements of an empiricist conception.

His conception of teaching after TISP contains indicates a movement away from a more

mechanistic conception of teaching. There arc still remnants of it, for example, the high

level of agreement on the importance of establishing prior knowledge first. It is however

difficult to conclude on the basis of the results of the questionnaire that his new

conception of teaching is definitely empiricist or realistic.
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Conception of learning

Fig. 6.3 Victor's conception of learning from questionnaire
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Victor's conception of the nature of learning before TISP indicates that requiring learners

to give explanations for their methods is not a high priority. Similarly, learners arc not

encouraged to ask questions. Learners are not expected to develop their own solution

strategies. rather the preference is for one solution. These conceptions constitute a

conception of the nature of learning as one where competency means the skilful

application of facts and procedures. All these conceptions show marked changes after

TISP.

On the practice of learning, Victor's conceptions before and after TISP also show similar

changes. He now more strongly believes that learners should be placed in situations from

which they can learn from their own strategies as well as from their peers.
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Both the conceptions on the nature and the practice of learning outlined above show

changes after TISP. Victor's conception of learning before TISP is consistent with his

mechanistic conception of mathematics where the mastery of the rules and procedures are

paramount. In terms of Marton et. al. (l993) classification it is a conception of learning as

the application of facts and procedures. However, after TIS}>there is a clear shift away

from a purely mechanistic conception of learning to one that embodies some strong

features of a realistic conception where learning is seen as a social process and the

construction of knowledge is valued. In terms of Marton et. al. (1993) classification,

learning is seen more as an interactive process aimed at understanding reality.

Conception of the context

Fig. 6.4 Victor's conception of context from questionnaire
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Earlier it was argued that the context is interactively constructed. Before TISP Victor

constructed the classroom environment in terms of the availability of physical resources,

like learning aids and textbooks. The locus of control in the classroom rests with the
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teacher, suggesting that the teacher play a dominant role in what happens in the

classroom. This view is supported by his concurrence with a view that careful selection of

the problem situation does not carry any weight in determining the quality of the learning

experience. Victor's conception of the context before can be described as constricted by

the availability of external agencies (books, learning aids, etc.).

Victor's conception of the context shows some changes to the conceptions he held on the

locus of authority, the use of mathematics as a tool to understand the real world and

greater integration of mathematics with other school subjects. All these changes suggest a

lesser reliance on external agencies in determining the context for learning, However, he

continues to view the availability of learning aids as very important. These conceptions

are contradictory.

6.2.3FIONA

Conception of mathematics

Fig 6.5 Fiona's conception of mathematics from questionnaire

Computation

Real-world
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Rules-based

Meaning
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For Fiona finding the meaning behind rules has always been important. What has changed

for her was that mathematical knowledge should be created through logical reasoning.

She professes after TISP to a greater emphasis on a less rigid approach to one that allows

for a common-sense approach to creating mathematics. The importance of mathematical

objects of facts, rules and procedures was never held in high esteem before TISP. After

TISP it slips even further with a concomitant higher priority given to real-world

applications. This view is also reflected in the importance attached to computation skills

which are still held in high esteem but should be viewed in the context of the greater

importance attached to problem-solving.

Fiona's conception of mathematics after TISP shows a number of similarities with a

realistic conception. The role of reality as a source of problems and as a domain for

applications feature more prominently. Greater intertwining of learning strands is also

supported by her negation of a separation of content topics. Whereas her conception after

TISP is more crystallised, her conception before TISP is more difficult to describe. Even

though low emphasis was placed on rules, facts and procedures, logical reasoning was

much appreciated. However, if we view her conception of the representational context

where environmental activities, like games, are highly regarded, one may describe her

conception of mathematics as empiricist.
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Conception of teaching

"" '1

I

Fig. 6.6 Fiona's conception of teaching from questionnaire
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Fiona disavows a transmission role where the content has to be structured and presented

in piece-meal fashion to the learners. The results insofar as showing the learners the

shortest route, the sequencing of learning material and her insistence on high learner

involvement indicate a more facilitative role before and after TISP.

As far as the representational context is concerned, Fiona's conception before TISP that

mathematics should be presented in interesting ways through games, puzzles, ctc.,

together with the high learner involvement indicates an empiricist conception. The

learners are involved through empirical tasks like paper folding, cutting, etc. After TISP,

there is a significant decrease in support for this view and a marked increase in the use of

learner misconceptions as a means for representing learning material.

In summary, Fiona's conception of teaching has changed from a facilitative role in an

empiricist environment to a facilitative role in a more realistic context. In terms of Prosser
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et. al. (1993) typology, her conception has changed from one of teaching as interacting

with learners to teaching as facilitating understanding.

Conception of learning

Fig. 6.7 Fiona's conception of learning from questionnaire
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For Fiona being competent at mathematics did not mean that there was only one way of

solving a problem. Learners were always encouraged to explore various solution

strategies and to put forward their questions. As far as becoming competent in

mathematics is concerned, she allowed the learners to learn from their peers and to find

alternative solution strategies. Clearly, she valued conceptual understanding both before

and after TISP.

In order to contextualise Fiona's conception of learning, we need to introduce her

conception on the role of real situations in mathematics. The change in this conception

suggests that her focus on conceptual understanding before TISP must be understood in
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the context of an empiricist conception, while after TISP it must be understood within a

more realistic context. In terms of Marton et. al. (1993) typology her conception of

learning before TISP is one of abstraction of meaning (understanding). After TISP this

can be decried as a conception of learning as an interpretive process aimed at

understanding reality.

Conception of the context

Fig. 6.8 Fiona's conception of context from questionnaire

Locus of control

Problem selection

Learning aids

Integration in school

Practical activities

Real world tool

Textbooks

o 1
I

51
...1

2 3 4

Fiona's conception of the classroom context before TISP is determined by the availability

of learning aids, use of practical activities and even integrating mathematics with other

school subjects. The fact that the locus of authority is not entirely located with her

suggests a learning environment that is less restrictive, but conducive for learners to be

engaged in lots of practical activities. Her conception of the classroom contact before

TISP can be described as running an effective and organized classroom in which learners

arc given some opportunities to engage with learning material.
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Fiona's responses after TISP show marked changes in the importance of problem

selection over learning aids, assigning greater responsibilities to learners, as well as using

mathematics in context. This conception can be described as one where contextual

problems play a far more dominating role and learners are given greater freedom to

discover and explore different ways to build solutions.

Theo's conception of mathematics shows very little change. For him the focus should be

on mastering the mathematical rules, facts and procedures while the importance of the

meaning behind the rules only show a slight increase after TISP. That these rules should

be applied in the real world scores high both before and after TIS}>.The development of

computational skills is valued while logical reasoning and problem-solving only show

6.2.4THEO

Conception of mathematics

Fig. 6.9 Theo's conception of mathematics from questionnaire
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marginal increases in importance as clements of mathematical practice.
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Theo's conception of mathematics changed from more to slightly less mechanistic after

TISP. However, this conception must be viewed against the importance of understanding

the experiential world of the learner. A logical conclusion would be that Theo's

conception of mathematics is a mechanistic one applied to the real world.

Conception of teaching

Fig. 6.10 Theo's conception of teaching from questionnaire
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Theo's conception of his role is that of transmitter of information with high learner

involvement. He believes in structuring information in "manageable packets" and

explaining these in great detail. This shows only a marked decline after TISP. However,

he now no longer believes in showing the learners the shortest way. In the process of

transmission, the learners should be involved. This conception of the teacher's may be

described as transmission to active learners.

On the representational context, his conception of having only one way changed to one

where many different approaches would be allowed. Establishing the prior knowledge
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"necessary" for new content is still regarded as important, as is the case with making

mathematics interesting through games, puzzles, etc. This suggests a conception of the

representational context where making mathematics fun is regarded as important, but also

where different approaches to the same topic would be tolerated.

If we apply the Trigwell et. al. (1993) typology, Theo's conception before and after TISP

can be described as the transmission of structured information as well as interacting with

the learners.

Conception of learning

Fig. 6.11 Theo's conception of learning from questionnaire
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For Theo being competent at mathematics changed from having only one way to solve a

problem to having multiple solution strategies. He also expressed greater acceptance of

learner questions and asking learners to explain their solution strategies. However, it must

be said that these changes are marginal.
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Theo's views on how to become competent shows that learner interaction remained

important to him. What did change was his view that learners should be placed in

situations where they can explore and discover mathematics by themselves. Taken

together, Theo views learning as a social process remained intact throughout the TISP

process. Before TISP, he viewed learning as the application of facts and procedures in a

co-operative setting, while after TIS}>it changed more to a conception of learning as

abstraction of meaning in a co-operative setting.

Two conceptions dominate Theo's conception of the classroom context before and after

TIS}>- textbooks and the availability of learning aids. The conception on locus of control

before TISP suggests a classroom organisation that is teacher dominated. This changes

Conception of the context

Flg.6.12 Theo's conception of context from questionnaire
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only slightly after TISP.
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After TISP there is an increase in the use of contextual problems. Using mathematics to

solve real world problems and integrating mathematics with other school subjects indicate

greater acceptance. There is even a greater willingness to select the problem situations

more carefully.

Theo's conception of the classroom context before TISP can be described as over reliant

on external agencies with a concomitant rigid management style that is teacher

dominated. His conception after TISP has all the traits as before TISP except that it now

includes a greater willingness to use contextual problem situations.

6.2.5. PETER

Conception of mathematics

Fig.6.13 Peter's conception of mathematics from
questionnaire
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Peter's conception of mathematics before TIS}> focuses on the development of

computational skills through logical reasoning. These constitute the elements of
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mathematical practice for him. Getting the meaning behind the rules is regarded as

important, but obviously through formal mathematical means. Applying common sense to

solve mathematical problems is rather unimportant in comparison to logical reasoning.

The low concurrence with a rules-based focus suggests that Peter believes in some

reconstructive approach to the creation of mathematical knowledge. If we link this to his

belief that mathematics should be "fun" through games, we may conclude that Peter's

conception of mathematics before TISP has strong empiricist elements.

After TISf> he continues to disavow the rule-base approach and presenting mathematics in

isolated strands. There is a decrease in emphasis on logical reasoning and an increase in a

common-sense approach suggesting greater acceptance of more informal strategies. Also

there is a shift towards the importance of real 1ife situations and problem solving in

mathematics. However, the importance of developing computational skills remains very

high. The fact that his be1ief in mathematics as "fun" remained unchanged leads us to

conclude that his conception of mathematics after TISP is an empiricist one with realistic

notions embedded in it.
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Conception of teaching

I" ;'Ig ·~.1~Peter's conception of teaching from questionnaire
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Peter's conception of the representational context is dominated by the view that

mathematics should be presented in interesting ways with high learner involvement. He

also favours many different approaches to explain a particular topic to the learners. What

has changed about the representational context is his willingness to use the learners'

misconceptions to build further representations.

Peter's conception of his role is certainly not that of dispenser of information. The high

concurrence with learner involvement and making mathematics interesting suggests a

facilitative role where pre-determined outcomes are sought. In terms of the Trigwell ct. al.

(1993) typology his conception of teaching can be described as high interaction with

learners. This conception shows only slight changes after TISP.
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Conception of learning

Fig 6.16 Peter's conception of learning from questionnaire
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Peter regards the role of peer learning as very important in becoming competent at

mathematics. Similarly he believes that learners should be placed in situations where they

can explore and discover mathematics. This conception of the practice of learning shows

virtually no change after TISP.

Regarding the nature of learning, there is a greater willingness to require explanations

from learners and to allow learners to put forward their own questions and questions for

the class to consider. He also professes to accept a greater variety of learner solutions after

TISP, having rejected the single solution with the same fervour before and after TISP.

Using the Marton et. al. (1993) typology, Peter's conception of learning before TISP is

one of abstracting meaning. This conception shows little change after TISP.
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Conception of the context

Fig 6.16 Peter's conception of context from questionnaire
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Peter's conception of the classroom environment before TISP is one where practical

activities, use of numerous learning aids and linking of mathematical content strands arc

important. His views on the locus of control suggest that he allow learners some degree of

freedom for exploration and discovery. If we link this to his emphasis on making

mathematics interesting through games, puzzles, etc., we may conclude that the classroom

organisation is characterised by high learner involvement in practical activities.

After TIS}> there is a strong shift towards more contextual problems that reflect the

experiential world of the learners. This is also borne out by the greater emphasis on the

selection of the problem situations. The change in the locus of control suggests further

that Peter is more willing to give responsibility to learners for their own learning. The

conception of the classroom context after TISP is one of more contextual problems and

giving learners more opportunities to assume responsibility for their own learning.
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6.3 THE REPERTORY GRID

6.3.1 Introduction

The repertory grid method was introduced to investigate the teachers' conceptions of

teaching and learning mathematics. Each participant was shown a set of three diverse

teaching and three diverse learning approaches to some aspect of fractions teaching and

learning. The teachers' conceptions were then elicited on the same two sets of teaching

and learning situations before and after TISP. Each participant was requested to draw

implication structures between the various constructs. Following Gaines & Shaw (1986),

the teachers' repertory grids were interpreted as fuzzy sets and the truth and information

measures calculated to indicate the strength of asymmetric relationships between the

constructs.

The repertory grids will be analysed in terms of the complexity of the implication

structures. An implication structure will be called simple if a chain of implications

consists of only two constructs, for example, too complicated ~ high level. If the chain

of implications is not simple, then it is complex. An example of a complex implication

structure would be too complicated ~ high-level ~ abstract, while an example of a bi"

implication would be too complicated H high-level,

Another way to express to express the difference in repertory grids is to indicate the

distance measures on it. More specific, the truth-values will be used to differentiate

between the strength of two implications. The higher the truth-value, the stronger the

impJication. As an additional measure only those implications with an information value

of greater than 0,30 will be selected.
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In the representation of the repertory grids, a dotted box will be used to indicate a

construct that has been added after TISP, while a dotted arrow will indicate a relationship

between constructs added after TISP.

The repertory grid method allows for the following ways to record conceptual change:

• Addition ofa conception, as indicated by new constructs added after 'I'SIP.

• Deletion of a conception, as indicated by the implication chain.

• Linking conceptions, as indicated by the implication chains.

• Moving a conception from one category of explanation to another, as indicated by

reassigning constructs to different clusters.

• Changing the relationship between conceptions, as indicated by the difference in truth-

values between constructs.
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6.3.2 VICTOR

Conception of teaching

Fig. 6.17 Victor's teaching grid

BEFORE TISP

Concept is clear

Requires prior knowledgeToo complicated

Practical approach Independent work

AFTERTISP

Requires teacher explanationToo complicated

equires prior knowledge

Concept is clear

---I Practical approach I~ ~/
, ,/ ;l..r:...._ __J, ,/ ;'

t /~;';'I---------------------~--~I I

I Learner discovery :
I I
I I,---------------------------

Independent work
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Victor's conception of teaching can be interpreted from his constructs of his role and how

he views the representational context. His teaching constructs will therefore first be

classified into those that pertain to role and context. The following table represents one

such classification.

REPRESENTATIONAL CONTEXT

Too complicated

Concept is clear

Practical approach

Appropriate problem

Easy to comprehend

(Learners can discover)

Table 6.2 Victor's teaching constructs from repertory grid

Victor's teaching grid before TISP shows the following implication chains.

• Too complicated -iJrequires teacher explanation.

• Too complicated -iJrequires prior knowledgerë requires teacher explanation.

• Concept is clear -iJ easy to comprehend.

• Concept is clear -iJappropriate problem -iJeasy to comprehend.

• Practical approach -iJ independent work.

These constructs and implication chains before TISP can be classified into three distinct

sets of coherent groups of labels. The first cluster consists of "too complicated", "requires

teacher explanation" and "requires prior knowledge". The second cluster consists of

"concept is clear", "appropriate problem" and easy to comprehend'. The third cluster

consists of "practical approach" and "independent work".
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From the implication chain structure it is clear that if the representational context is

regarded as too complicated, it triggers a specific role for the teacher. The teacher is

required to provide an explanation and to lay the "necessary foundation" by means of

establishing the required prior knowledge.

An appropriate representational context, on the other hand, is one where the concept is

clear. This will lead to quick comprehension by the learners, When prodded to explain the

meaning of "the concept is clear", Victor explained it as "what must be done by the

learners is clear". The practical approach is regarded as useful for independent work by

the learners. Victor's constructs and the implications before TISP suggests a preference

for a transmission role and direct teacher representations of learning material.

After TISP one new construct learner discovery was added and related to the constructs

practical work and independent work. The following are some of the new implication

chains:

• Practical approach (-) independent work.

• Practical work -I learner discovery -I independent work.

• Practical work -I appropriate problem -Ilearnel' discovery

The implication structure starting with too complicated is somewhat weaker. Regarding a

particular representational context as too complicated does not elicit the same strong

implication of the teacher's role as before TISP. Furthermore, the practical approach is no

longer seen as only useful for learner challenges, but is now regarded as an appropriate

problem. The clusters of practical approach and appropriate problem are integrated after

TISP.
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All this suggests a change in Victor's conception of teaching after TISP. The weaker

implication cluster starting with "too complicated" suggests that he no longer subscribe to

a strong transmission role. Similarly the representational context has been expanded to

include practical approaches. It does not have the strong focus on direct representations of

learning content. Rather it suggests a shift towards more reconstructive representations

where the teacher is no longer the sole authority and source of knowledge whose role is to

transmit the knowledge.
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Conception of learning

Fig. 6.18 Victor's learning grid

BEFORETISP

Standard method

Learner initiative

Practical approach Different approach

AFTERTISP

Standard method

Learner initiative
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Victor's conception of learning will be constructed in terms of the constructs that pertain

to the nature and practice of learning. The nature of learning essentially refers to what it

means to be competent, while the practice of learning refers to how one becomes

competent. The constructs will therefore be classified as a first step in the analysis.

Practice of learning

Applies the rule

Applies knowledge

Learner initiative

Table 6.3 Victor's learning constructs from repertory grid

These constructs lead to the following implication chains before TISP.

• Standard method -J good method -J applies knowledge.

• Standard method -J good method -J applies the rules -J applies knowledge.

• Good method -J standard method -J shows understanding.

• Standard method <._) good method.

• Practical approach (-) different approach.

• Practical approach -J different approach -J challenge

• Practical approach -J different approach -J learner has initiative

Before TISP the repertory grid can be clustered into two distinct groups. In the first

cluster a good method is regarded as the standard way of doing things. This implies that
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the rule is applied and by implication the necessary knowledge is applied. The application

of the standard (routine) method of solving a fraction problem is an indication of

understanding. The second cluster has a practical approach as its core and is associated

with a different approach. This kind of approach is useful as a challenge for possibly the

more gifted learners, while this kind of learner is also regarded as having initiative.

The first cluster suggests a conception of the nature of learning as applying the facts,

procedures and rules. Learners become competent by sticking to the "standard" ways of

doing mathematics. In terms of Marton et. al. (1993) typology, this could be classified as

a conception of learning as the application of facts, procedures and rules.

After TISP there are no new constructs, but new implication chains. The following arc

some of the implication chains.

• Practical approach H shows understanding.

• Practical approach -Iapplies knowledge.

• Learner initiative -Iapplies knowledge.

What is also immediately obvious from the repertory grid after TISP is that the two

separate clusters have been integrated into one. This suggests a shift away from the

standard method and the practical approach as distinct approaches to solving fraction

problems.

The strong implication between standard method and good method is reduced and a

strong hi-implication structure between practical approach and shows understanding

created. The practical approach is also regarded as the learner applying knowledge and
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applying the rules, facts and procedures only. This indicates a change in the conception of

showing understanding. Being competent at mathematics is therefore no longer a case of

the nature of learning. Similarly, becoming competent is no longer based on applying the

standard method only. Following a different solution strategy is also indicative of

understanding in mathematics.

The repertory grid suggests that Victor has changed from a conception where procedural

understanding is valued to one that also values conceptual understanding. In terms of the

Marton et. al. (1993) typology his conception of learning after TISP certainly reflects

elements of learning as the abstraction of meaning.
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6.3.3 FIONA

Conception of teaching

Fig. 6.19 Fiona's teaching grid

BEFORETISP Too much information

Teacher enforced
~ Too abstract

Encourages learner strategies

Teacher facilitated

Forces learner to do something

Connects to previous
knowledge

LEGEND
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AFTER TISP
Too much information

Teacher enforced 4 Too abstract

I
I

~ ~------~--------------;
I Narrow focus :
I I
I I
1 _

Encourages Icarner strategies

Teacher facilitated

I
I
I
I
I

: I
r-------~--------------1'
: Real life situation I
I :0-
I I
l _

Forces learner to do
something
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The following table contains a classification of these constructs into the teacher's role and

the representational context.

REPI~ESENTATIONAL CONTEXT

Too much information

Too abstract

(Narrow focus)

Connects to previous knowledge

Forces learners to do something

Encourages learner strategies

(Real life situation)

Table 6.4 Fiona's teaching constructs from repertory grid

The constructs before TISP give rise to the following implication chains.

• Teacher enforced ~ too abstract

• Too much information -Iteacher enforced -Itoo abstract.

• Forces learner to do something (-~connects to previous knowledge.

• Forces learner to do something ~ encourages learner strategies.

• Teacher facilitated -Iencourages learner strategies -Iforces learner to do something

-Iconnects toprevious knowledge.

• Teacher facilitated -I forces learner to do something -I connects to previous

knowledge.

• Teacher facilitated -I forces learner to do something -I encourages learner

strategies.

• Teacher facilitated -I connects to previous knowledge -I forces learner to do

something.
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Fiona's teaching grid before TISI' shows two distinct clusters. The first one has teacher-

enforced methods as its core, while the other one has teacher-facilitated methods as its

core. The first cluster associates a transmission role with a representational context where

either too much information is provided or where it is too complex. Afacilitative teacher

role is characterised by learners engaged in solving problems by using their own

strategies, connecting new knowledge to previous knowledge and forcing learners to be

active. This suggests that Fiona's conception of teaching is one of facilitating

understanding in learners.

Two new constructs were added after TISP, narrow focus to the teacher enforced cluster

and real life situation to the teacher facilitated method cluster. The following are some of

the implication chains constructed after TISP.

t Teacher enforced ~ narrowfocus.

t Teacher enforced ~ too abstract ~ narrow focus.

t Real life situation ~encourages learner strategies.

t Real life situations ~ connects lo previous knowledge.

The addition of the construct narrow focus to the teacher enforced cluster, indicates that

this cluster is seen negatively. The addition of real life situation to the teacher facilitated

cluster and the complexity of the implication chains constructed strongly suggests that

Fiona favours real life situations as a starting point for teaching. Furthermore her role is to

facilitate the learning processes by encouraging learners to develop their own solution

strategies and to guide them through the various strategies to a more global view of

mathematics. This conception of teaching contains strong elements of Realistic

Mathematics Education (RME).
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Conception of )carning

BEFORE TIS})

Fig. 6.20 Fiona's learning gl'hl

Systematic workCopy teacher's method

Leamer strategy
Generates patterns

Different representation
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AFTERTISP

Systematic workCopy teacher's method

"Jf,,,,,,,,,,,,,r---------------~"
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,------------------ 1
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The following table is a classification of these constructs into those pertaining to the

nature and practice of learning.

Practice of learning

Copy teacher's method

Learner strategy

Table 6.5 Fiona's learning constructs from repertory grid

The constructs contain the following implication chains before TISP.

+ Copy teacher's method ~ systematic work ~ logical exposition.

+ Systematic work ~~}logical exposition.

+ Learner strategy ~ logical exposition ~ systematic work

+ Learner strategy ~ generates patterns.

+ Different representation e-» learner strategy.

+ Different representation ~ learner strategy ~ generate pal/ems.

+ Different representation ~ learner strategy ~ logical exposition ~ systematic work

Fiona's learning grid before TISP contains just one cluster. With respect to how learners

become competent, Fiona distinguishes between learner- generated strategies and those

copied from the teacher. The learner-generated strategies, although regarded as different

representations, are seen as useful for generating patterns. However, both these strategies
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are regarded as logical expositions signifying an acceptance of learner generated solution

strategies as acceptable.

Fiona's conception of learning before TISP is strongly geared towards abstraction of

meaning. Different solution strategies are regarded as just different representations. The

constructs systematic work, logical exposition and pal/ern generation all support this

view. Furthermore, teachers with an empiristic view of mathematics usually favour the

pattern generation approach.

After TISP two more constructs, intelligent method and method can be refined were

added. The introduction of these constructs suggests that Fiona now believes that learner

strategies can be used to generate more sophisticated solution strategies. This indicates an

awareness of a level structure where the learner passes through different levels of

increasing abstraction. Learning is therefore seen as having a structural character and not

as absorption of some collection of knowledge and skills. These conceptions of learning

are associated with Realistic Mathematics Education.

Fiona's conception of learning after TISP is similarly geared towards the abstraction of

meaning. However, there are elements from RME present that were not there before TISP.

We conclude therefore that Fiona's conception of learning after TISP is aimed at

developing conceptual understanding, while there is also a greater appreciation of the

generative character of different learner solution strategies.
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6.3.4THEO

Conception of teaching

Fig. 6.21 Theo's teaching grid

DEFORETISP

Complicated method

Very good method
Gives meaning to concept
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AFTERTISP

Complicated method

Gives meaning to concept
Very good method
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The following table represents a classification ofTheo's teaching constructs into those

that pertain to the role of the teacher and the representational context.

REPRESENTATIONAL CONTEXT

Complicated method

Very good method

Confusing

Useful as a challenge

(It is real)

Gives meaning to concept

Table 6.6 Theo's teaching constructs from repertory grid

Theo constructed the following implication chains.

• Complicated method -l Confusing.

• Complicated method -luseful as challenge -lconfusing.

• Useful as challenge -l complicated method -l explains what to do.

• Very good method -lgives meaning to concept -l explains what to do.

• Vely good method -lgives learner a vision.

• Gives meaning to concept -l vely good method -l explains what to do.

• Gives meaning to concept -l vely good method -lgives learner a vision.

Before TISP Theo finds certain approaches to the teaching of fractions as too complicated

and regards these as sowing confusion. Such approaches are only useful as challenges for

the more gifted learners. A good method is where the teacher's role is 10 give the learners

a vision (indication) of what must be done. This kind of representation gives meaning to

the concept that must be mastered and explains what must be done. This suggests a
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conception of teaching that favours direct transmission. Any teaching strategy that will

lead to "confusion" should be ignored.

Two new constructs, learners can see 'what they are doing and it is real, were added after

TISP. The following are some of the more salient implication chains.

• Very good method -# learners can see what/hey {Ire doing -# it is real.

• Very good method -# it is real -# learners can see what they are doing.

• Very good method -# learners can see what they are doing -#gives learner a vision.

After TISP a good method is now also strongly associated with the construct learners can

see what they are doing, and to a lesser extent to it is real. Also if the learners can see

what they are doing, they will form a vision (indication) of what must be done. This

suggests a shift away from a conception of the teacher as the authority and sole source of

knowledge in the classroom whose role is to transmit knowledge. There is now a greater

realisation that learners can solve mathematical problems without being shown a

procedure first. This suggests a conception of teaching that is more geared towards

interaction with learners and facilitating conceptual understanding.
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Conception of learning

Fig. 6.22 Theo's learning grid

BEFORETISP

Good method

Unexpected method Learner has high IQ

AFTERTISP

Good method Gives answer quickly

Learner can visualise
what to do
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Theo's constructs can be classified as follows into those pertaining to the nature and

practice of learning.

Practice of learning

Gives answer quickly

Visualize what to do

Learners knows what to do

Learner with high IQ

Table 6.7 Theo's learning constructs from repertory grid

Theo's learning grid before TIS}>shows two distinct clusters. The first cluster has the

construct good method as its core and the second consists of a single simple implication.

From this the following implications chains are constructed:

• Good method ~ Gives answer quickly.

• Good method ~ Learner knows what lo do ~ Gives answer quickly.

• Good method ~ Learner knows what to do ~ Learner visualizes what to do.

• Good method ~ Learner visualizes what lo do~ Learner knows what lo do ~ Gives

answer quickly.

• Learner visualizes what to do ~ Learner knows what to do ~ Gives answer quickly.

• Unexpected method ~ learner has high IQ.

Before TISP Theo associated an unexpected method with a learner with a gifted learner.

The expected or what good method for him was one that will allow the learner to arrive

quickly at the answer. This evident from the number of implication chains that ends in

getting the answer quickly. Getting the answer quickly is associated with understanding
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(learner knows what to do), that is procedural (visualize what to do). This suggests a

conception of learning that concentrates 011 the application of facts and procedures.

After TISP the two clusters are integrated into one and one new construct shows

understanding is added. Some of these implication chains will be shown to highlight the

changes.

• Unexpected method ~ Learner knows what to do ~ Learners can visualize what to do

• Unexpected method ~ Learner knows what to do ~ Shows understanding.

• Unexpected method ~ shows understanding.

After TIS}>the unexpected method is no longer only associated with learners who are

gifted. Several implications that start with unexpected method now ends in shows

understanding, or learners can visualize what lo do. This suggests a shift in the focus of

the locus of agency for learning. Theo's learning grid after TISP indicates a different

conception of the learners' roles and responsibilities for learning. He is no longer the sole

authority who has to transmit the solution. Rather the learners now have the opportunity

to develop their own strategies that will be considered in class.
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6.3.5 PETI~R

Conception of teaching

LEGEND
I -
0.75
0.5
0.25

Fig. 6.23 Peter's teaching grid
BEFORETISP

One situation .. , One method

Many situations

Confusinz

AFTERTISP

One situation .. , One method

Many situations

,-----------------------
: Practical approaches
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Peter's constructs can be classified into those pertaining to the role of the teacher and

those that reflect the representational context.

REPRESENTATIONAL CONTEXT

Question has context

Confusing

Too many situations

Too many concepts

One method

Easy to get to answer

Practical approach

Table 6.8 Peter's teaching constructs from repertory grid

The following arc the implication chains for these constructs before TISP.

• One method -J one situation -J easy get to answer.

• One situation -J one method -J easy to get to answer.

• Question has context -Jmany situations -Jmany concepts -Jconfusing.

• Question has context -J many situations -J many concepts -J requires prior

knowledge

• Question has context -J confusing.

• Question has context -J requires prior knowledge

• Many concepts -J many situations

Peter's grid before TISP shows two distinct clusters differentiated as either single or many

situations. A singular problem situation is associated with a single solution strategy that

must be applied and the answer is usually easy to get lo. A multiple problem situation is

one that inevitably involves a number of concepts. This may lead to confusion with the
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learner but definitely requires that prior knowledge be in place. A problem with a

particular context is classified as a problem situation with many situations.

This classification can also be related to the difference between routine and non-routine

problems. Routine problems represent single concepts and are too easy to answer. Non-

routine problems represent many concepts and are sometimes confusing, but require prior

knowledge to be in place. This suggests that Peter has moved away from just giving

routine problems, but is still not ready to include non-routine problems in his repertoire. It

further suggests that he has moved away from using routine problems as the focus of his

instruction. Peter's conception of teaching before TISP is not that of transmitting

structured information to the learners with direct representations. It is feasible to conclude

that he prefers a more facilitative role, but he still has problems with some non-routine

problems as representations of the learning content.

After TISP the addition of the construct practical approach leads to the following

implication chains

• Practical approach ~queslion has context.

• Question has context ~ many situations ~ many concepts ~ requires prior

knowledge.

• Practical approach ~ question has contextrë requires prior knowledge

One immediately notices the departure point of practical approach and that the new

implication chains end mostly in requires prior knowledge. However, the truth-value of

the implication with the construct requires prior knowledge is weaker than before TISP.

This suggests that Peter is not entirely convinced that the alternative approaches will be
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successful unless the necessary prior knowledge has been established. The conclusion is

that Peter's conception of teaching is still aimed at facilitating understanding.

Conception of learning
Fig. 6.24 Peter's learning grid

BEFORETISP

Different
representation

Requires insight

Time consuminz

Shows understanding

Standard method

Learner knows algorithms
Learner knows concepts
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AFTERTISP

Different
representation

Requires insight

Time consuming

Shows understanding

Standard method Reaches answer quicker

Learner knows concepts Learner knows algorithms
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Peter's constructs can be classified as follows into those pertaining to the nature and

practice of learning.

ractice of learning

Reaches answer quickly

Standard method

Different representation

Time consuming

Table 6.9 Peter's learning constructs from repertory grid

These constructs have the following implication structure before TISP.

• Different representation -Irequires insight.

• Different representation -Itime consuming.

• Standard method -Ireaches answer quickly

• Reaches answer quickly -Istandard method -Ishows understanding

• Learner knows concepts -Ilearner knows algorithm -Ireaches answer quickly.

• Learner knows algorithm -Ilearner knows concepts -Ireaches answer quickly.

• Learner knows concepts -IReaches answer quicker -Istandard method

Peter's grid before TISP contains two clusters with the constructs standard method and

different representation at the core. A different representation is regarded as time

consuming and requiring insight from the learner. The standard method leads to a quick

answer and is indicative of a learner knowing his/ her algorithms and concepts. However,

both methods indicate learner understanding. The truth-values indicate a stronger

relationship with learner understanding and the standard method. Peter's conception of

learning before TISP is one of learning as the abstraction of meaning. The strength of the
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implication as expressed by the truth-value suggests that Peter favours procedural

understanding.

After TISP no new constructs were added. One new implication, different representation

with learner knows concepts, was established. Another one, learner knows concepts and

reaches answer quicker, was dropped. Although the construct shows understanding is still

connected to both standard method and different representation, the truth-value of the

latter implication is higher. The conclusion is that Peter still had a conception of learning

as facilitating understanding after TISP, but that this one is more accommodating of

conceptual understanding.

6.4THI~ INTI~RVlI~WS

6.4.1 Introduction

Analysis of the interviews was done by first reading and re-reading the interview

transcripts and highlighting those phrases that seemed to be important. Since a grounded

theory approach was followed, initial ideas and thoughts were coded. With these coding

activities facts are constantly compared and conceptualized in order to find underlying

structures and linkages. Subsequent coding serves the purpose of either confirming the

created categories or refining, extending or modifying them to fit the new data. After

careful scrutiny of the categories, the categories were related to each of the four domains

of conceptions. These categories, and how these relate to the four domains, have been

discussed in paragraph 5.4.

Analysis of the interviews provides information on the developmental view of conceptual

change with respect to the addition, deletion and modification of conceptions. The
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following issues pertaining to a socio-cultural perspective of conceptual change are

182

addressed in the interviews.

• The teacher's relationship with the social context.

• The teacher's relationship with the physical context.

• How the teacher is able to differentiate between contexts.

• Conception of own abilities.

In the following discussion VI, FI, Tl and PI will refer to the teacher interviews

conducted before TISP and V2, F2, 1'2 and 1'2 to the interviews conducted after TISI'.

6.4.2 VICTOR

Conception of mathematics

Victor's initial conception of the nature of mathematics stressed the importance of logical

reasoning. He admitted to being impressed as a school learner by his mathematics teacher

showing the class the various steps in the solution of a problem and how everything came

together in a logical sequence to produce an answer. He emphasized the importance of

the concepts that must be understood to the extent that when he was not sure about these

concepts, he would consult a colleague about the "main concepts".

Then I would explain exactly what I want from them. And how
they must go about doing it. And what the end product should be.

[Interview V I]

Victor always focused on the mathematical products, not on the context or the processes.

Mathematical knowledge had to be transmitted to the learners and he was the sole

authority in the classroom. Although he gave a semblance of applying mathematics in real

life, the emphasis was on getting the learners to master the rules, facts and procedures.
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Victor's conception of mathematics before TISP can be described as strongly rules-based

with mathematical knowledge presented in an authoritarian style.

After TISP Victor shows a greater appreciation of the process aspects of mathematics.

Jf the correct procedure is followed and aI/ the information is there that
is required ... the answer is no longer important ...whether il is right 01'

wrong ... it is the process that was used to getto the answer. That is what
is important. [Interview V2]

This is how he reflects on the domain of application of mathematics.

[Interview V2]

Now I feel that it is something that you can apply in evely sphere of
life... in society. But then you must know the mathematical
background ... the mathematical terminology ...have the mathematical
knowledge.

Although Victor's conception of mathematics after TISP accentuates the process aspect,

and even refers to real life as domain of application, he attaches a condition to it. The

mathematical background has to be in place, which suggests that the teacher's role was to

ensure that the requisite mathematical knowledge was in place before a process-based

approach can be followed. Victor's conception of mathematics after TISP can be

described as transitional. It shifted from a predominantly product to a more process focus,

while retaining the teacher's role as final arbiter in the justification of knowledge

justification.

Conception of teaching

Before TISP described a good mathematics teacher in terms of personality traits such as

patience, friendliness, etc. The way he perceived his role is perhaps best encapsulated in

the following remark expressed in frustration.
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You know, one minute I explain to the class something. Then I turn my
back and ask the same (hing to a child and I get the wrong answer. I
wonder what il is that Iam doing wrong.

[Interview VI]

He described what he termed the curriculum process for determining how the teacher

should go about with the planning of a lesson. First the syllabus is consulted and then the

textbook is drawn closer to identify the main concepts. Then the teaching starts.

Victor's description of a good lesson that he has taught gives insight into both the

representational context and how he saw his role before TISP.

I gOI the idea from the lextbook. I showed them how to divide the
different objects into parts and in so doing explained the different
fraction parts. After that I moved on lo what I asked them to bring lo
class. Then they divided the objects intoparts.

[Interview VI]

The basic idea was that of a fraction as part of a whole and the connections made were to
"

the division of singular objects. The source for the activity was acknowledged as one seen

in a textbook. Although the learners were asked to bring objects to class, they were only

allowed to divide these objects after he had shown them how to do it and explained the

mathematical concepts.

Victor's conception of teaching before TISP resonates strongly with a transmission role

and direct representations. His task was to show the learners how to divide the whole into

parts and to tell them how to do it. This show and tell conception is associated with a

direct teaching style.

After TISP Victor's conception of a good mathematics teacher is one that has the ability

to communicate with the learners. The teacher's main task is to select the appropriate
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learning material, to involve the learners in the development of the lesson and to make the

learning material comprehensible to the learners. However, he identifies the goal of the

lesson as making sure that the learners master the relevant concepts.

His representational context was influenced by a decision by the school staff to introduce

a thematic approach in the senior primary phase. In this approach a particular topic is

[Interview V2]

selected and all the learning programmes are structured around it. This implies that the

mathematics is integrated with other subjects around the same theme. Victor professed to

using the learners real life experiences more as a means to connect mathematical ideas,

citing in the process the lesson on mass, length and volume that was connected to a story

on a whale that was topical at that point in time.

This is how Victor reflects on the change in his teaching:

My approach has changed a lot. In the past I concentrated a lot on what
was given in the textbook. Now I feel that I have a broader spectrum. I
have found that if the learners experience something ... if they learn by
themselves ... they are more excited to do something and they remember
it far longer,

Victor's conception of the representational context changed significantly with the

thematic approach adopted by the school. There is greater leamer involvement and a

greater focus on contextual problem situations. However, Victor's conception of his role

still focuses on mastery of the relevant mathematical content. This conception of teaching

can be described as mastery of mathematical content from contextual representations.

Conception of learning

Victor's conception of the practice of learning before TISI' can be summarized in his

reflection after TISI'.
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Previously it was a case of the teacher telling them how to do things and
what is expected from them... and how things worked... how it all
relates together. Not that they had opportunities to find out by
themselves ... not that they had the opportunities to experience how the
different concepts are related.

[Interview V2]

His views on assessment supported a conception of learning as knowledge stored that has

to be recalled. Competency was measured in terms of the recall of the stored knowledge.
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First they have to write a test on the knowledge that was stored .. to sort
of test it. After that I will allow them to work on the chalkboard And
occasionally I will go through the exercise books to have a look.

[Interview VI]

Learners became competent by working individually through the passive reception of

knowledge from the teacher. In general he ignored the development of critical reasoning

abilities in learners. He described the classroom organisation as the "row method". Co-

operation was only allowed between two persons across. A standard procedure would

normally be demonstrated after which time would be set aside for learners to become

proficient in the demonstrated procedure. Re-teaching the content in exactly the same

way, often during breaks, was used to rectify misconceptions.

Victor's conception of learning before TISP was that learners become compctent through

emulating what the teacher was doing, while being competent was associated with

procedural understanding.

Victor's conception on how learners become competent changed after TISP. He now has a

greater appreciation of group work and rearranged the class to facilitate learner co-

operation. On the issue of interaction he remarked:

I never quite realized that interaction should come from both sides. In
the past I did most of the talking. But that was the way I perceived it.
This view has changed altogether. I realize that interaction among
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learners is of cardinal imparlance. NOlonly do they learn from their
peers, but it also creates an atmosphere in the class.: thai makes it
more pleasant for the learners to do mathematics.

[Interview V2]

Being competent now also means that alternative solution strategies are acceptable, or at
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least acknowledged. Victor stresses the importance of the various solution strategies being

mathematically correct before he will accept it. Whereas he previously ignored alternative

solutions, he now calls upon the learners to justify their solution strategies to the class.

Although the learning situation after TISP cannot be described as learner-controlled, the

content is more organized around problem situations. Victor's conception of learning

therefore emphasizes more conceptual understanding with a limited degree of learner

autonomy.

Conception of the context

The first interview was conducted while Victor was employed in a temporary position. He

regarded the social context at the school as supportive of the kind of teaching that he

wanted to provide. He had nothing but praise for the way the principal and the staff

worked together to maintain a learning culture at the school. He singled out his

colleagues for their willingness to help him identify thc "main concepts" of the content

before he planned his lessons.

Regarding the physical context, the school is located in a middle class suburb and has the

necessary facilities to acquire relevant learning material. The principal and school board

were supportive of acquiring learning materials and duplicating facilities was available to

the teachers. Victor regarded the physical context as conducive to good teaching.
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[Interview V2]

Regarding his personal development, Victor described his mathematical knowledge as

modest and expressed a desire to be better equipped. However, he felt a need to broaden

his mathematical content knowledge and his pedagogical content knowledge. He also

believed that no real programme existed that would satisfy his needs.

After TISP Victor was redeployed to another school. This is how he describes the social

context at the new school.

1 do not want to be negative. But the teachers at this school are more on
their own. The only time they get together is for a staf! meeting. There is
no interaction ... there is no help available. There is nothing here that
supports the way I would like to teach or to give it a push.

[Interview V2]

This lack of co-operation among staff, lead Victor to doubt how long he would continue

with the new teaching practice. He also expressed the hope for networking with other

teachers.

What I would like lo do is to make contact with colleagues in other
schools. I would like to share with them certain aspects of what I am
doing. I need to know ifwhat 1 am trying to do is in line with what they
.are doing ... and if there are differences.

Regarding the physical environment in which the new school is located, Victor expressed

no opinion. However, on the issue of personal development, Victor changed his views of

his ability to do mathematics from "modest" to "very good" after TISP. Whereas he relied

previously 011 his colleagues to provide the "main concepts" for a lesson, he now actively

sought material that could be utilized in his teaching. In his reflection on his teaching

activities, Victor shifted from relying on others for guidance (external reflection) to a

greater reliance on his own abilities (internal reflection) (De Jong & Korthagen, 1989).
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[Interview F2]

Victor's conception of the social context changed from being supportive to what he would

like to do, to one where he doubted whether he was doing the right thing. His conception

of the physical context remained unchanged, while his conception of self indicated a

greater reliance on his own abilities.

6.4.3 FIONA

Conception of mathematics

For Fiona the main source of activities for mathematics came from diverse sources. She

regularly attended workshops and also obtained a load of old textbooks and was

impressed by the bright and colourful layout of it. The overriding issue for her was that

activities should be visually attractive to the learners, She focused a lot on processes with

carefully constructed worksheets. For her the mathematics had to be taught in a "fun" way

to the learners.

Her epistemological views on mathematics before TISP are summarized by her reflection

on the teacher's role after TISP .

... but I kind of guided them. I fell that this method worked bet/er. I felt
that this method was easierfor them /0 cope with.

The combination of viewing mathematics as being "fun" for learners, together with the

emphasis on the process aspect and the teacher's role in guiding learners to a

preconceived outcome, all suggest a conception of learning where a stimulating

environment will lead to the development of cognition. Fiona's conception of

mathematics therefore had strong empiricist tendencies.
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After TISP Fiona describes mathematics as "making sense of the world". Her conception

of the nature of mathematics suggests a strong emphasis on shared knowledge. This is

aptly described by her views on how mathematical knowledge is justified.

A good mathematics teacher once said to me: Convince your enemies!
And I believe in it.... Now once they convince each other, then they are
also more convinced

[Interview F2]

[Interview F2]

For Fiona the process aspects continue to be important, but the context of the problem

justifies its selection. For her mathematics teaching has to be grounded in reality.

It is like starting from uh...uh...a real situation in which the learners
can completely see themselves. They understand it and then taking the
mathematics from there... into (pause). How can I call it now ...abstract
maths. That is how Ifeel.

Fiona's conception of mathematics aftel' TISP is one of solving contextual problems, of

looking for problems in real life and then structuring the mathematics from it. This

conception of mathematics is closer to that of a realistic conception of mathematics.

Conception of teaching

Before TISP Fiona characterised good teaching in terms of being well prepared and

getting the learners involved in the learning process. She acknowledged that despite

involving the learners in the lesson, she always had a method in her mind and she would

"push, prod and pull" the learners towards this particular method.

As for the representational context, she favoured using worksheets with lots of activities.

These activities sometimes lacked a structural character because the overriding purpose

was for the learners to have fun. High learner involvement, but also careful guidance

characterised the lessons by the teacher to reach a specific outcome.
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If my goal is lo do equivalence of fractions, then this is what I plan to
cover during the period. My method would be to guide them ... lo push
them into a certain direction because I know that this method is easier
to cope with.

[Interview FI]

Fiona's conception of her role before TISP was to facilitate the learning process with a

specific outcome in mind. The representational context was always reconstructive with

lots of games, puzzles and other empirical activities. This conception of teaching has

close links with guided discovery where learners are guided to some preconceived formal

mathematical result.

Her conception of a good mathematics teacher after TISP changed significantly. This is

how she describes good mathematics teaching afterwards.

They realize that the lesson is not about themselves but about the
learners and their mathematical processes.

[Interview F2]

Commenting on her rolc, she emphasizes the role of peer teaching. She sees her own role

as more of a facilitator of the learning process, assisting the various individuals or groups

to achieve a better understanding. From the various solutions strategies proposed by the

learners, she would select the more appropriate ones. Reflecting on a good lesson that she

taught, she commented:

And so many different strands of mathematics came out of that lesson. It
is quite exciting and the learners are quite excited about this 100.

[Interview F2]

Fiona's conception of mathematics after TISP focuses on developing a global view, rather

than the individual parts of mathematics. Learners were allowed to co-operate on tasks

even before TISP. The difference lies in the extent to which opportunities for

mathematical debate and discussion are offered after TISP. The learner discussion
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facilitated by Fiona also offers opportunities for learner reflection on their work. Her

conception of teaching mathematics after TISP contains some strong elements of a

realistic conception of the teaching of mathematics.

[Interview F1]

Conception of learning

Fiona's conception of the practice of learning before TISP was one of learner involvement

in empirical activities, but with a pre-determined outcome in mind. The learners became

competent through manipulation of the learning material, which served as a basis to

formalise the mathematical results. When prompted to respond to how she would go

about if learners experienced problems with equivalence of fractions, she replied:

But definitely the children will have to work with tangible objects. I
think here a teacher would have to have strips of paper or something
practical. That is why I gOICuissenaire rods. Ifeel that the Cuissenaire
rods would be a good introduction.

On the nature of learning, competency at mathematics meant that the learners could

reproduce the specific solution strategy that Fiona wanted them to master. In assessment

she emphasized the formal cognitive aspects, although reference was also made to the

assessment of affective aspects.

And also when with your assessment, you look for the logical
thinking ...see whose mathematical knowledge has been developed Who
has set out the thing vely clearly for you. Also, does the child learner
get involved in the group?

[Interview F1]

After TISP, Fiona's conception of the practice of learning changed to allow greater

learner autonomy.

They're not held back. The learner is nol held back because the teacher
wants "this" aspect to come out of a lesson. Free reign is given to the
learners to show what they know.

[Interview F2]
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[Interview F2]

She also has a keen sense of the level structure of solutions strategies and makes a

conscious effort to continuously refine learner strategies.

We need to be careful. The teacher has lo be selective. So often the
learners had done work. They display their work and we go through or
they present it to the class. Then l find that sometimes the solution works
once. Then I give them another example and theyfind that their method
does nol work or they werejust lucky.

Fiona's conception of learning before and after TlSP stresses the co-operative aspect. The

difference is that while her conception of learning before TISP stressed the environmental

activities, her conception of learning after TISP emphasizes the construction. of

mathematical knowledge from contextual problems.

Conception of the context

When commenting on the social context, Fiona singled out the good bonds that existed

among teachers. She also had praise for the principal for the democratic manner in which

he was trying to manage the school. After TISP the social context had not changed at all.

She commented on the positive influences of the motivated teaching corps at her school.

However, she expressed the desire for the rest of the staff complement to experience a

[Interview F2]

similar programme like TISP so that educational change at the school can be a collective

effort. For her the challenge was:

... to get my staff, my friends and myself and the groups of teachers lo
start a network. To get us grounded in Outcomes Based Education ... lo
see what this is really about. The easy way is to take a lextbook. But the
challenge is to spend lime together talking about mathematics. And
planning our lessons.

With respect to physical resources, Fiona made this comment:

No longer will I complain about a lack of resources... or a lack of 'funds
for resources. Evely thing that I need lo leach the way I would like lo
leach is right here with me. [Interview F2]
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Fiona viewed the physical context in which she operated in a totally different light. Before

TISP she relied on lots of practical activities and blamed the lack of resources on external

factors. However, after TISP she saw the physical environment not as disabling, but as an

enabling factor for her kind of teaching.

6.4.4. THEO

Conception of mathematics

Prior to TISP Theo had a very rules-based conception of mathematics. A typical

[Interview Tl]

development of a lesson for him was one where the teacher had to revise the prior

knowledge. Once the necessary "foundation" was in place, he would systematically

present the mathematical content. His teaching had a high product focus, although the

learners were drawn into the process through questioning. The learner involvement was

confined to reacting to the teacher or executing the instructions of the teacher.

The teacher was the sole authority in class and not only presented the knowledge to

learners but also justified it. This is how Theo responded to a hypothetical situation of the

learners coming up with answers that are either more or less than 1800 for the sum of

supplementary angles.

I would firstly tell them about accuracy. They must understand about
accuracy in measurement. So if il is J 790 I would say: "It is vely close,
but the correct one should be J 80~ "

What is however interesting is Theo's references to the domain of application for

mathematics. He used mainly textbook exercises, yet referred to the application of the

mathematical content in real life. He regarded mastery of the rules, facts and procedures

of school mathematics as
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... a necessary preparation lo participate in the real life. If they go out
to work in afact my, they must know what to do.

[Interview Tl]

Theo's conception of mathematics before TISP can be described as rules-based, with

mathematics serving as preparation for learners in the workplace. After TISP he made

slight modifications to this conception. The nature of the problems changed with fewer

coming directly from the textbook and more problem situations having a contextual

flavour. However, the rules-focus was as strong as before TISP. This is how he described

a problem situation given to the learners after an excursion to the museum.

I trained them towards simplifying fractions, because the first step they
should know is that they must divide 8 by 24... dividing the smaller
number by a bigger number to gel afraction.

[Interview T2]

Conception of teaching

Theo regarded himself as a good mathematics teacher, citing his popularity with the

learners as motivation for this belief. He regarded his role as preparing the learners for the

work life after school. In order to do this he had to transmit the mathematical knowledge

that would be required by the learners. He allowed the learners to co-operate in groups

but the primary purpose of the co-operative setting was to get the learners to carry out the

teacher's instructions. Another reason for the co-operative setting was the class size,

where Theo confessed that it was easier to control a big class if the learners are seated in

groups.

Regarding the representational context, Theo drew his ideas mainly from the textbook.

When manipulatives were used, it was accompanied with comprehensive instructions.

I started with an acute angle and I say they must each one make an
acute angle. Draw it on paper, and cut it.

[Interview Tl]
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[Interview Tl]

Theo's conception of teaching before TISP can best be described as transmission in a co-

operative setting.

After TISP, this conception was adapted to allow for more communication among the

learners in a co-operative setting. The representational context also changed with Theo

referring to an excursion to the museum that he used as context for problem situations on

fractions. However, the following statement indicates that he still solely determined the

mathematical agenda for the class.

Yes, I think the lesson was successful. They came to the destination I
was looking/or.

[Interview 1'2]

This indicates that despite the co-operative setting and the introduction of more contextual

problem situations, Theo's conception of teaching after TIS}> is still very much a

transmission one.

Conception of learning

Before TISP Theo collected written information to assess the learner's competency in

mathematics. After a topic had been completed, a written test indicated who understood

and who did not. Similarly he would take in the homework and use this as an indication of

who understood the work. He preferred that the learners imitate the solution strategy that

he wanted them to follow. When prompted on the issue of various solution strategies

from the learners, he responded as follows:

If they come up with different answers, then I come up with the answer
that I think is best. That is the one that they must use.
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[Interview 1'2]

Although the learners were given opportunities to discuss and to co-operate, there was a

lack of appreciation of the learners' efforts. Theo's conception of the practice of learning

relied on offering the learners the opportunities to co-operate on developing their own

strategies, only for these strategies to be ignored and having the teacher's preferred

strategy foisted on them.

After TISP Theo's conception of the practice of learning changed to allow for greater

diversity of solutions.

It is them who... who put their effort ...their ideas to solve the problems.
II is them who discuss the problems and come up with the solution. If
there is a dispute, il is they also who fly to solve the dispute and come
up with one solution.

When prompted further on the method for resolving a dispute if 110 agreement can be

reached among the learners, Theo admitted to steering the solutions in the direction that

he preferred. This implies that Theo's conception of the practice of teaching changed with

the addition that the learners' solution strategies were considered. If acceptable to him, he

will proceed. Otherwise he continues with the strategy he wanted them to master. This

suggests that Theo's conception of learning changed through the addition of learner

strategies that are now considered, but the teacher's preferred method still prevailed. This

new conception of learning is far more time intensive, yet it yields the same results as the

one before TISP.

Conception of the context

Theo regarded the social context before and after TISP as supportive of the kind of

teaching he would like to provide. He praised the co-operation among teachers and

singled out the principal for his support given to the teachers.
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[Interview T2]

He regarded the physical environment in which the school is situated as not conducive for

the type of teaching that he wanted to provide. He identified the stench from overflowing

sewerage that made it difficult for learners to concentrate. The school also experienced a

high incidence of burglary and the learners experienced problems with a hooligan

clement. Theo saw his task as helping the learners to overcome the deprivation of their

living conditions. He regarded mathematics as an important tool to prepare learners for a

better life. This is how he encapsulated his philosophy:

We need something lo build this community. In order to build the
community, you have lo start with education. You have to start with the
kids, because they are the basis of the community.

6.4.5PETER

Conception of mathematics

Peter's conception of mathematics before TISP focused heavily on processes. His

discussion of a good lesson contained many references to dotty paper, geo-boards, paper

folding and cutting. He acknowledged the influence of a workshop that he attended some

time ago where it was shown how simple apparatus could be used to construct learning

aids. His point of departure was usually some manipulatives that would involve the

learners in empirical activities.

For him the manipulatives made it possible for the learners to discover the mathematical

knowledge. He also used this as a basis to move to the more abstract mathematics. This is

how he described how he taught a lesson on angles.

In Grade 4 you start with the geo sticks. Then the learners build angles,
which are then later applied in watches and similar things where you
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[Interview PI]

have angles. By the time that they get to Grade 7, they have a
reasonable understanding of the different types of angles.

Peter also had a keen sense of the integration of different mathematical strands. He

described how after cutting paper, the learners could discover the properties of triangles.

After this, the triangles were folded and patterns made that lead to polygons. Peter's

conception of mathematics before TISP had a strong concrete base, followed by high

learner involvement in empirical tasks to discover the mathematics in a "fun" way. The

focus was therefore on concrete operations and learner activity.

After TISP Peter continues to highlight the process aspect of mathematics. However a

significant addition to his previous conception is the role of contextual problems.

Context is vely important because it raises the interest of the learner.
Just observe the junior primary school kids ...how they are absorbed by
what they are doing. Ij-we can do the same in the senior primary school
grades ... The context allows the learner to gain the prior knowledge
instinctively. Then I can see which prior knowledge the learners have lo
decide which facts I must highlight from it.

[Interview P2]

Peter's conception of mathematics after TISP differs from the one before TISP with

regards to the role of the context.

Conception of teaching

Peter's conception of his role before TISP was that of co-ordinating the various learner

activities. He would announce which empirical activity the learners had to engage with

and then monitor their progress. Through planned intervention, he would steer the learner

activities in a pre-determined direction to ensure that the learners have ample opportunity

to "discover" the mathematics. Peter's role was therefore a facilitative one.
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His empiricist views on mathematics demanded representational contexts that were

characterised by empirical activities and high learner involvement. His teaching approach

was practical, with hands-on experiences for learners. He also used inexpensive resources,

such as matchboxes, to introduce learners to new concepts, followed by manipulation

with manipulatives such as geo-boards, geo-strips, etc.

After TISP the representational context changed with Peter consciously looking to include

more contextual problem situations in his teaching repertoire. His conception of his role

as facilitator was also modified with a greater willingness to listen and react to learner

contributions.

Conception of learning

Before TISP, Peter believed that the learners became competent at mathematics through

the manipulation of material and discovering the mathematics in it. Consequently there

was a strong emphasis on environmental activities. Being competent resulted from the

practical involvement with the manipulatives.

With regards to the success ...they should know what triangles are,
because they worked with it practically and discovered it.

[Interview PI]

Peter's conception of learning before TISP can be described as learning being achieved

through an experiential process of learner involvement in practical activities.

After TISP Peter involved the learners more in the lessons. Groups of learners were asked

to share and defend their solution strategies. The focus moved more towards a shared

understanding. This is how he described the way he handled the feedback sessions

resulting from co-operation.
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[Interview P2]

If one group has to convey information, one learner is selected as
spokesperson. Meanwhile the other groups listen attentively until the
spokesperson hasfinished Then the rest can contribute.

No mention is made of the differentiation of these learner solutions or a refinement of it.

This suggests that although different solutions strategies arc highlighted, there is no

awareness of a level structure of the different solutions. Peter's conception of learning

after TISP has a greater focus on the development of individual competencies within a

social setting.

Conception of the context

As the Head of the Department, Peter played an influential role in the mathematical

teaching and learning agenda at his school. He praised the mathematics team of teachers

for their co-operation and eagerness to adopt new ways of doing things. The mathematics

teachers in senior primary also had very good relationships with the teachers in the junior

primary phase. Regarding the environmental context, Peter had no specific issues that
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could be construed as impacting negatively on his teaching style.

6.5 LESSON OBSERVATIONS

6.5.1 Introduction

Each of the participants in this study was requested to teach three mathematics lessons

typical of their teaching style. The researcher, who focused on the teacher's decision-

making and strategies in the classroom as well as the kind of mathematical learning that

was pursued, observed the lessons. A comprehensive set of field notes was compiled for

each lesson observed. Post-observation interviews were done if there was a need to clarify

some occurrence in the classroom that required further elaboration. For example, a
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particular response to a learner question by the teacher would be clarified with the teacher

afterwards.
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In the analysis of the lessons, a coding system was developed around the type of

mathematical teaching and learning that the teacher pursued. A grounded theory approach

was followed and several categories identified. These categories were then grouped into

the teacher's conception of mathematics, of mathematics teaching and mathematics

learning. The domain of the teacher's conception of the context was not included as no

meaningful categories emerged for it. The markers for the categories, sub-categories and

indicators were discussed in 5.5.4.

Regarding the use of lesson observations to identify concpetual change, similar

manifestations for both the developmental and soci-cultural perspectives that have been

described earlier will be used.

In the analysis, VI, V2, etc. will indicate the specific lessons that were analysed.

6.5.2 Victor

Conception of mathematics

Throughout the lessons that Victor taught before TISP, he focused on establishing some

procedure. One such lesson where he focused on the procedure for multiplication of two

digit numbers will be analysed further. Victor wanted the learners to understand that once

they had the procedural knowledge to multiply two-digit numbers, achieving the correct

answer was an easy task. He proceeded to teach the standard algorithm (columnar

multiplication) to the class in a systematic way. The following excerpt from this lesson

provides insight into how the lesson developed.
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[Lesson VS]

Victor: Where do we put the J 4?
Learner: That side.
Victor: Then what do we do next?
Learner: Underneath the two.
Vic/or: Where do we go from there, then?

[Lesson VI]

Victor presented the mathematical knowledge in an authoritarian way and he also justified

it through his remarks to the learners' responses. The lesson had a pure product focus and

was taught without any meaningful context. The teaching style was direct transmission of

knowledge to the learners. Victor's conception of mathematics before TISP was therefore

a highly mechanistic one.

After TISP the analysis of Victor's lessons shows changes in almost all categories. The

following excerpt from a lesson on division illustrates some of the changes.

Victor: Share the twelve Smarties' among Jour children. I want to see
how you are going to do that ...
Learner: I'm done teacher.
Victor: What did you do?
Learner: Shared it in half. .. and ... in half again.
Victor: Yes, the answer is 3.

It is clear that Victor made an effort to introduce a context for the problem. Not only did

the domain of application change, so did the learner activities that were now more

empirical. There is also a shift away from the pure product focus and mathematical

processes are also included. With regard to the nature of mathematics, Victor continues to

be the sole authority. He justifies the learners' solution attempts and although the learners

are involved in empirical activities, he carefully guides them to a desired outcome.

Learner autonomy is not valued at all. Victor's conception of mathematics after TISP can

be described as mechanistic while focusing on some context for mathematical problem

solving.
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Conception of teaching

Victor used the basic notion of multiplication as repeated addition to explain the meaning

of multiplication. The type of individual images elicited from learners strengthened this

notion. For example, 2 x 3 was explained as another way of writing 3 + 3. The main

resource used to teach the lesson was the chalkboard. Victor used a systematic approach

and spent a lot of time explaining each step in great detail. When the teacher-directed

explanation of one example failed to yield the required results, Victor simply proceeded to

the next example.

Victor saw his role as encouraging procedural activities that were in imitation of the

information he transmitted 01' procedures he had demonstrated. The purpose of doing two-

digit multiplication was never conveyed explicitly. The learners had to master the

algorithm because the teacher wanted them to master it. The classroom organisation

assisted the kind of teaching with learners arranged in neat rows with very little co-

operation among them.

After TISP Victor's conception of his role changed. The learners are now seated in groups

and there is a lot more educational noise in the classroom. A different type of learner

activity is also encouraged. Learners arc busy with investigative activities that are teacher-

guided. Although learning materials like sweets arc used, the teacher docs not relay the

purpose of doing the mathematical content.

Victor also attempts a more integrated teaching approach with the incorporation of senses,

colours, shapes and language in the lesson on division. This compounds the amount of

I Smarties - chocolate covered sweets, usually comes in bright colours.
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[Lesson V2]

mathematical content and the relationship between shape, colours, and division is never

made. The learners arc guided to engage in empirical activities, although the purpose of

doing this is never made clear.

Victor's conception of teaching before TISP was mainly a show and tell one. This

changed to a conception of teaching that is still focused on mastery but now from more

contextual situations.

Conception of learning

Victor did not encourage or allow individual solutions strategies. The routine steps and

answers were constantly drilled. Learners were not given opportunities to reflect on their

strategies. When Victor called for a solution to problem, he ignored the incorrect answers

and continued to ask other learners until he got the responses that he wanted. In a few

instances he asked for justification, which was always followed by the teacher's preferred

strategy.

Victor: What is your answer?
Learner: 236
Victor: Is she correct? Is it true?
Learners: (no response).
Victor: Add the two numbers and get the answer.

For Victor being competent at mathematics meant that the learners had to develop a

strong procedural understanding of the content. He showed no interest in learners' work

that would provide him with insight to direct the learners to a more conceptual

understanding. Everybody had to master the demonstrated procedure and competency was

equated with emulating the demonstrated procedures faultlessly.
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After TIS}> Victor utilizes a lot more practical activities. He used paper folding to

introduce the operator meaning of fractions and physically cut objects to show the part-

whole relationship. He also allowed the learners greater freedom to generate their own

solution strategies. Despite the restricted autonomy given to learners, Victor all but

ignored the different solution strategies. For him the overriding concern was if the answer

was correct, then the goal was achieved. If a learner produced a wrong solution, he

skipped it and proceeded to ask other learners until he got the right answer.

Before TISP Victor's conception. of learning was that competency was achieved through

emulating what the teacher had demonstrated and being competent was associated with

procedural understanding. After TISP the learners are involved to a greater extent.

Competency is viewed in terms of the right answer and no longer the particular strategy.

Being competent means that the learner has achieved the required answer.

6.5.3 Ji'iona

Conception of mathematics

For Fiona developing mathematical understanding from some kind of context was very

important. For example, she chose an investigative context such as paper folding to

introduce the learners to the meaning of thirds. From the context she proceeded to develop

the mathematics. The nature of the context demanded learner interaction with the learning

material, and the processes in which the learners engaged also became highly interactive.

Fiona: Pick up your square.
Learner: Got il!
Fiona: Divide thai squares into thirds ... into three equal parts.
Learner: I didn't do it right teacher.
Fiona: Okay, try again. Iwant thirds ... discover in your own way how to
do if. [Lesson F2]
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Despite the high learner involvement, Fiona controlled the development of the lessons

very carefully. Although she elicited the learners' responses, there was a careful and

systematic build-up to develop a procedure that the learners had to grasp. Fiona's

conception of mathematics emphasized the process aspect, empirical activities and the

importance of a meaningful context. However, her epistemological conception was that

the teacher should justify mathematical knowledge.

After TISP, Fiona continued the importance of the context, mathematical processes and

the creation of mathematical knowledge. However, the context of the problem situations,

as well as the way she handles learner responses, changed. In one of the lessons the

learners were provided with paper sheets that represented chocolates and thin paper strips

to divide it. This provided the learners with the freedom to place the dividing lines, to

make images and to eome up with different solutions.

The various solutions were pasted on the chalkboard and the learners requested to explain

their solution strategies to the class. Fiona's role was that of the "doubting Thomas",

while also assisting the learners to make relevant connections. Greater responsibility was

given to the learners in the process of creating and justifying mathematical knowledge.

Fiona' conception of mathematics after TISf>is one of solving contextual problems and

then structuring the mathematics from it.

Conception of teaching

The earlier lessons on fractions had many representations of fractions that were woven

together to give meaning to the fraction concept. Fiona used the part-whole and operator

notions interchangeably and used various contexts like paper folding, cutting and money.

https://etd.uwc.ac.za/



[Lesson F3]

Fiona saw her role as directing the learning process towards some preconceived outcome.

She involved the learners in a number of investigative activities and established a pattern

of repeating learner responses to reinforce important results. Fiona also emphasized sense

making.

Fiona: How many ten rand notes do I get ...my fifty rand note?
Learner: Five.
Fiona: Is he correct?
Class: Yes, teacher.
Fiona: Why? How do you know he is correct?

After TISP Fiona's role is to encourage learner activities that emphasize learner

reflection, sense making and open-ended problem solving. The goals of the lessons are

also more real life related with Fiona drawing more on authentic experiences from the

learners' life world. Fiona's conception of the representational context also changed. She

relies more on the individual images that the learners produce in order to steer the

development of the lesson. The solution strategies are also carefully analyzed and

gradually refined. For example, in one lesson she obtained concrete, visual and symbolic

solution strategies but was able to refine these strategies from concrete to symbolic to

develop the learners' mathematical thinking.

Fiona's conception of teaching after TISP emphasizes the organisation of the lesson based

on the learners' experiences, as well as discovery type learning activities that promotes

learner reflection.

Conception of learning

Fiona's classroom had a co-operative setting with the learners seated in groups. She

encouraged a lot of learner-learner interaction and learners were mostly forced to reflect

on their own, as well as other learners' responses. Before TISP she followed a planned
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intervention strategy where intervention was used to steer the development of the lesson

in a particular direction. Although various learner solutions were encouraged, the focus

was on the correct answer and not so much on the process.

The significant difference between Fiona's conception of learning before and after TISP

lies in the extent to which she listens for differences in learners' responses after TISP. She

is more aware of the different solution strategies and misconceptions of the learners.

These are then used to either refine strategies or as a means to deepen the learners'

understanding of the mathematics.

6.5.4 Theo

Conception of mathematics

Theo's absolutistic conception of mathematics came through in, for example, his

insistence that only one definition was acceptable. In the lesson on shapes, there was only

one particular description ofa shape that was acceptable, no others: "What? No, that's not

the answer I want."
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Theo placed a lot of emphasis on procedural knowledge, emanating often from drawn out

teacher explanations. Consequently the lessons developed very slowly. The explanations

were mostly rule-based. For example, the procedure for addition of fractions was

explained as "if the denominators are the same, one only has to add or subtract the

numerators" [Lesson T2]. The development of mathematical knowledge was seen as

cumulative with a single rule as the end product. Terminology like numerator and

denominator were introduced as words with no attempt to explain their meaning. What

was important was for the learners to be able to identify it.
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Although the learners were seated in groups, there was very little co-operation 01' learner-

learner interaction. The monotony of the teacher's mechanistic build-up was interspersed

[Lesson T5]

with some empirical activity for the learners. In the lesson on addition and subtraction of

fractions, the learners were asked to do paper folding in order to establish the equivalence

pattern of whole, halves, quarters, etc.

Theo's conception of mathematics before TISP was mechanistic, interspersed with some

empirical activities. After TISP Theo changed the context of the problems. The following

dialogue illustrates the change in context in a lesson on mixed fractions.

Theo: What isfive divided by two, people?
Learner: Is equal to two, remain one.
Theo: Who else ...reached another answer on that one?
Learner: Two and a half

When it became clear that the learners were struggling to make sense of what he was

trying to achieve, he switched the context.

Theo: Let's call these oranges. Divide the five oranges between two
people.

[Lesson T5]

Despite the focus on context, Theo continued with a strong product emphasis.

Mathematics is related to the real world through examples that make reference to real life

experiences. Theo also continues to favour the transmission of mathematical knowledge

and he is also the sole authority in class. His conception of mathematics after TISP is

therefore a mechanistic one tempered by some empiristic and realistic conceptions.

Conception of teaching

Theo's lessons before TISP were characterized by very limited representational contexts.

Instead he focused on long teacher explanations. His basic ideas of fractions consisted of

210

https://etd.uwc.ac.za/



211

the part-whole and operator meanings. These meanings were related to understanding

created in previous Grades, while the future importance of the mathematics was also

stressed.

The learners were mostly involved in procedural activities that were in imitation of what

the teacher had been demonstrating. The learners were coached into getting to the one

way of doing an algorithm. An instrumental understanding of, for example, the addition

of fractions was conveyed to the learners. The learners were seated in groups more for

control purposes than to enhance co-operation. This conception of teaching can be

described as transmission of content through a limited representational context in a co-

operative setting.

After TISP Theo pays more attention to the context of problems. He still regards

mathematical facts and procedures as important. In the first lesson after TISP he started

the lesson with mental arithmetic where learners had to count in two's, three's, four's and

fives. He then proceeded to the story problem.

Theo: Five boxes, each box has six candles. How many candles?
[Lesson T6]

Although he elicited the learners' responses, he carefully directed them towards the end

product. The one question that he asked frequently was: "So, what is the answer?" Theo's

. conception of teaching after TISP incorporates a greater focus on the representational

context, to involve the learners more and to continue with a predominantly transmission

role.
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Conception of learning

For Theo becoming competent at mathematics was a simple task of mastering the right

procedures. Before TISP there were very few instances where learners were engaged in

activities that involved reflection and sense making. However, the teacher did all of the

explanation and sense making. After TISP there was a lot more of laying a foundation for

reflective activity. Theo would ask questions but there was no guarantee that he would use

the learners' responses to allow the learners to formulate rules, generalise, etc.

Theo also made a conscious effort to raise the learner-learner interaction after TISP. Most

certainly there was a lot more educational noise in his class after TISP. However, he still

favoured instrumental understanding even if it meant that it took longer to arrive at it.
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Theo's conception of learning before TISP can be described as limited elicitation of

learner strategies and then totally ignoring these strategies. Becoming competent was

achieved through adhering to the standard ways of doing mathematics. This conception of

learning changed to getting greater learner involvement in the learning process, while still

ignoring most of their contributions.

6.5.5 Peter

Conception of mathematics

The learners, under the guidance of the teacher, often generated the mathematics in

Peter's lessons. In the lesson on shapes, the learners were asked to cut out shapes from

magazines and then to group the shapes. Peter used this to exercise to reinforce the

learners' knowledge of known shapes and to teach the learners new shapes.
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Peter's strong empiristic conception of mathematics featured in all the lessons before

TISP. In some cases he would state the problem, while in other cases no problem would

be stated. However, what was common was that the learners would be engaged in some

empirical activity.
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After TISP Peter continued with the strong emphasis on empirical activities. The

fundamental difference lies in the teacher's reduced emphasis on teacher explanations and

sense making. Before TISP he would pose a question like "I want you to tell me the

pattern", and then continue to guide the learners towards the required end result. After

TISP his responses are more inquiry directed. His response to a learner solution strategy

would be to ask the learner to justify the strategy.

Peter's conception of mathematics after TISP can therefore be described as empiristic

with greater learner involvement in the justification of mathematical knowledge.

Conception of teaching

In the lessons that Peter presented, it was the usc of multiple representations that stood

out. The teacher used multiple forms of representation, such as enactive (measuring and

folding), concrete models (boxes), visual models (pictures of shapes) and stories. In all the

lessons observed, the learners always worked in groups.

In the lesson on shapes the learners were asked to identify the differences, thus

reinforcing a partitioning approach to the study of shapes. This "Grundvorstellungen" of

shapes as different led to a situation where the difference between a rectangle and square

was emphasized.
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[Lesson P3]

Peter: The square has foul' equal.: ?
Learner: Foul' equal sides.
Peter: And the rectangle is different?
Learner: The width is short
Peter: The width is short and the length is long.

Peter encouraged a lot of investigative activities with learners, but the sense making was

mostly his task. When the learners were requested to fold a square and a rectangle, he

instructed them to measure the sides and to articulate their observations. In this way the

learners carefully executed what the teacher wanted and arrived at the required end result

that the teacher wanted. Peter's conception of teaching before TISP emphasized multiple

representational contexts and a strong facilitative role that lead to predetermined

outcomes.

After TISP Peter continued with the multiple representations and his facilitative role.

What changed was the nature of the learner activities that are encouraged. Although the

emphasis is still on investigative activities, a lot more sense-making activities arc also

included. He also makes a deliberate attempt to select activities that are no longer focused

on blind manipulation, but are more related to the learners' real life experiences.

Conception of learning

What stood out in Peter's lessons was the way in which he directed the learning activities.

The learners would be involved in numerous activities with a specific time constraint. For

example, in the first lesson five minutes was spent on cutting out shapes after which he

intervened. The groups were then required to give feedback to the rest of the class.

The classroom arrangement and Peter's instructions to learners to work together conveyed

the impression of negotiation of meaning. However, the learners operated mostly as
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[Lesson P2]

individuals with very little learner-learner interaction on tasks. Learners co-operated with

each other on cutting out shapes, folding and other enactive activities.

For Peter becoming competent was sought through the learners' involvement with

empirical activities. Being competent was producing the right responses to the many

closed questions Peter asked.

Peter: Those who got two triangles on the table. Put those triangles
together and tell me what you get now.
Learner: A diamond
Peter: A diamond. And what do you get?
Learners (chorus): A diamond

After TISP there were more occasions where the learners would be engaged in activities

followed by the teacher requesting some explanation, sense making or reflection. Learners

are given more space to provide explanations. The number of occurrences where the

teacher is doing the explaining! sense making has become less. Even though the learners

are often not mathematically strong enough to provide sophisticated solutions, Peter

persists with his approach.

Peter: So how did you do it?
Learner: I shared it.
Peter: How did you share it?
Learner: Infours.
Peter: And so ... what did you do ...did you just pick up four and put four
there in each corner. Is that what you did?
Learner: Yes.

[Lesson P5]

Peter's conception of learning after TISP has a stronger emphasis on conceptual

understanding and learner reflection is the main tool in its development.
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6.6 REFLECTION

In this chapter the results obtained from the various instruments were discussed. Although

some of the results are espoused conceptions (questionnaire and interview), others are

enacted conceptions (lesson observations). Several inconsistencies were also highlighted

in the various discussions. However, the focus is not on the espoused-enacted dichotomy,

but on the consistencies that reflect conceptual change.

If the developmental perspective on coneptual change is used, conceptual change has been

identified in the following ways: .

• Addition of a new conception.

• Deletion of an existing conception.

• Linking different conceptions to produce new explanatory frameworks.

• Moving a conception from one category of explanation to another.

• Changing the relationship between conceptions.
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A socio-cultural perspective of conceptual change is indicated by the following:

• A change in the teacher's relationship with the social context.

• A change in the teacher's relationship with the physical context.

• How the teacher is able to differentiate between contexts.

• A change in the teacher's conception of his! her abilities.

In the next chapter these results will be used to address the research questions.
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CHAPTER 7

SUMMARY AND REJ!'I..ECTION

7.1INTRODUCTION

The focal point of this study was to investigate the impact of structured teacher learning

experiences on the conceptions that primary school mathematics teachers have of

mathematics, of the teaching and learning of mathematics and of the context. The

significance of this study lies in its contribution towards a better understanding of teacher

learning.

In paragraph 7.2 the research questions posed in 1.6 will be answered. This will be done

through a synthesis of the research findings reported in Chapter 6. As it makes more sense

to answer research question 3 before question 2, this will be the order in which the results

will be presented. This will be followed by a brief report on the significance of this study.

The chapter will be concluded with what are perceived to be the limitations of this study

and also make recommendations for further study.

7.2 Relating the findings to the research questions

Question 1: What are the conceptions of primary school mathematics

teachers' about school mathematics, the teaching and learning of school

mathematics and the influence of the context?

The teachers' conceptions of mathematics ranged from purely mechanistic to empiristic.

Victor and Theo's conception of mathematics was strongly rules-based. Both of them

believed in the presentation of mathematical knowledge in an authoritarian style. This

approach has a clear product focus with the textbook as domain of departure and
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application. Fiona and Peter's conceptions of mathematics can be described as empiristic.

In this conception there is a strong concrete base with the learners involved in empirical

activities to discover the mathematics in a "fun" way. This approach has a clear process

focus through the various learner activities where mathematical knowledge is created. The

teacher is however still the final authority on what mathematical knowledge is acceptable

and what is not.
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The teachers' conceptions of teaching ranged from a clear transmission role with limited

representations to a facilitative role with multiple representational contexts. Victor and

Theo used a transmission style of teaching with limited representations. Fiona and Peter

both believed in facilitative roles with high learner involvement in multiple empirical

contexts. The teaching style was practical with hands-on experiences for the learners. The

learners were however guided to some preconceived formal mathematical result.

In Victor's class the learners were seated individually while the others used co-operative

settings. Although the learners were seated in groups, Theo never utilised the potential of

co-operation in his classroom. Both Victor and Theo believed that learners became

competent through emulating what the teacher had demonstrated, and that being

competent at mathematics was associated with procedural understanding. Fiona and Peter

believed that learners became competent through the manipulation of materials. Being

competent resulted from an experiential process of involvement in empirical activities.

All the teachers praised the social context in which they operated. Theil' relationships with

colleagues and the principal came up for special praise. Only Theo expressed grave

misgivings about the environmental context in which he had to teach. He saw his task as
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helping the learners to overcome the deprivation of their living conditions. For him

mathematics was a tool to help prepare learners for a better future life. This conception of

Theo is akin to the empowerment conception identified by Meyer (1995).

Question 3: What are the conceptions of primary school mathematics

teachers' about mathematics, the teaching and learning of mathematics

and the influence of the context after a structured learning experience?
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Victor's conception of mathematics is now less mechanistic, with a greater process focus

and the introduction of more empirical activities for the learners. Whilst the learners

participate in the knowledge creation process, Victor retains the role of authority. Theo

shares much of the conceptions of Victor. However, he makes more of an effort to

introduce contextual problem situations. Fiona's conception of mathematics is one of

solving contextual problems and then structuring the mathematics from it. Peter has

adapted his empiristic views through greater learner involvement in the justification of

mathematical knowledge.

Both Victor and Theo believe in the mastery of mathematical content from more

contextual representations. They continue to view their roles as transmission teaching,

although some efforts arc made to facilitate student learning. Fiona's conception of

teaching emphasizes the organisation of the lesson based on the learners' experiences, as

well as discovery-type learning activities that promote learner reflection. Peter's

conception now is to include more contextual problem situations in his teaching

repertoire, He also displays a greater willingness to listen and react to learner

contributions.
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Both Victor and Peter's conceptions of learner strategies have changed. They allow the

learners greater freedom to investigate and to come up with their own strategies.

However, the teacher's strategy is still preferred. For the learners to become competent at

mathematics means that they can develop their own strategies, but being competent is

following the teacher's strategy. Fiona allows the greatest degree of learner autonomy.

She has a keen sense of a level structure of the various solution strategies and makes an

effort to refine the learners' strategies. Peter also values learner strategies and shared

understanding. He however lacks Fiona's insight into a level structure and the refinement

of learner strategies.
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All the teachers, with the exception of Victor, praised the social context in which they

operate. Victor expressed misgivings about the support from colleagues to continue with

the type of teaching that he wanted to provide. He was, however, willing to continue with

changing his practice for the foreseeable future. With regards to the physical context,

Theo expressed the same sentiments about the debilitating effect of the socio-economic

environment on the type of teaching that he wanted to provide. He repeated his goal of

empowering learners to escape from their existing environment.

Question 2: To what extent and in which direction can these

conceptions be changed through a structured learning experience where

teachers participate as active learners?

The responses to question 3 indicate some changes to the teachers' conceptions on

completion of the learning experiences provided through the Teaching Intervention and

Support Programme (TISP). The programme combined a developmental (cognitive) and a
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situatitive (socio-cultural) approach to teacher learning that focused on engaging teachers

as learners in learning situations. These two perspectives provide a complementary

context to study changes in the teachers' conceptions of mathematics, of teaching and

learning and of the influence of the context.

With the developmental perspective the focus is on the acquisition of intellectual skills,

while the situatitive perspective emphasizes participation in social practice. The

developmental approach focuses on information structures that will support the teacher in

task performance and the transfer to new situations. From the situatitive perspective the

goal of teacher learning is to enculturate the teachers into teacher learning communities,

while equipping them with the skills and competencies and the forms of reasoning and

argument that characterize the teaching community.

The purpose of the Teaching Intervention and Support Programme CrISP) was to use the

teachers existing conceptions as starting point and to equip them with information

structures that will help them to form qualitatively different conceptions of mathematics,

of teaching and learning and the influence of the context. Furthermore, TISP was

structured in such a way that it would help the teachers to act in new ways in the

classroom environment.

The findings of this study that were reported in question 3 indicate that structured teacher

learning experiences such as that provided by TISP is a feasible way of facilitating the

conceptual change process in teachers.
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In terms of Thompson's (1991) hierarchical structure for the development of conceptions

(See paragraph 2.6.1), Victor and Theo can be classified as at levelO before TISP. After

TISP both of them are at level I. However, they differ in the extent to which

manipu1atives and different representations are used in the classroom. Jf we use the

Streefland (1988) typology, Victor and Theo have moved from a mechanistic conception

of mathematics, teaching and learning to one that encompasses mechanistic and empiristic

views.

Fiona and Peter can be classified as at level I before TISP in terms Thompson's structure.

After TISP their conceptions are more consonant with that of level I. In terms of

Streefland's (1988) classification, they have moved from an empiristic to a more realistic

conception of mathematics and the teaching and learning of it. However, again there are

significant differences between Fiona and Peter, with Peter retaining more of the

empiristic conceptions in his new conceptual framework. These results suggest that the
i

development of new conceptions may not be hierarchical. Rather it suggests a concentric

circle model where each new conceptual framework includes some of the remnants of the

older one.

Regarding the socio-cultural view of conceptual change, all the participants acted in

different ways after TISP. There was for instance greater acceptance of learner

involvement in lessons, although learner autonomy was accepted to varying degrees. The

teachers were able to differentiate between the classroom context before and after TISP.
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Question 4: What are the features of the conceptual change process?

1. From the developmental perspective conceptual change is achieved through the

acquisition of new information, the re-organisation of existing knowledge and the

discarding of existing knowledge. The results of this study indicate that conceptual

change involves building new experiences in relation to past experiences as well

as modifying or deleting conceptions that may be at variance with the canonical

explanations teachers have of mathematics, the teaching and learning of

mathematics and the influence of the context.

2. This study also indicates that conceptual change is achieved by changing one's

relationship with the context, which resonates with a situatitive perspective on

conceptual change. Fiona was able to perceive the context in which she operated

differently. This means that she was able to differentiate between the context

before and after TISP. Similarly, Victor was able to shift from an external

reflection (reliance on others) to an internal reflection (reliance on self), thereby

changing his relationship with the specific context in which he operated.

3. Conceptual change for the participating teachers was driven by the desire to

master a pedagogy that reflected the principles of Outcomes-based Education. In

this sense the catalyst was to adapt to a changing environment.

4. The nature of conceptual change varies from strong to weak. The strongest

changes occurred in the conceptions of learning, especially on what it means to be

competent and how to become competent at mathematics. The weakest change

was in the conception of mathematics.

5. It may be possible for teachers to have different or competing conceptions. This

features especially strongly in the results obtained from the questionnaire and the
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interview. This indicates that the teacher's conceptual framework show more

variability than stability.

6. Conceptual change is not a hierarchical process, where each new conception

completely replaces an existing one. Rathel' it is an expanding process with new

conceptions added that co-exist with remnants of the old conceptions.
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7.3 The significance of this study

In this study the notion of teachers' personal theories was used to embed teachers'

conceptions of mathematics, of the teaching and learning of mathematics and the

influence of the context. These conceptions were identified as the consciously held

beliefs. Furthermore, the impact of a structured teacher learning experience on these

conceptions was investigated.

The significance of this study can be summarized as follows:

1. It indicates that a structured teacher learning experience like TISP is a viable way

of helping teachers to reconceptualize mathematics, the teaching and learning of

mathematics and the influence of the context.

2. Itproposes an understanding of teacher learning in terms of a multiple perspective

that combines the developmental and situatitive perspectives on learning. The

situatitive perspective emphasizes participation in social practice, while the

developmental perspective emphasizes individual development in the acquisition

of knowledge and skills.

3. It proposes a wider understanding of conceptions as mental constructs that are also

contextually mediated. Linked to this idea is an expanded view of conceptual

change as expanding, modifying or deleting conceptions, but also conceptual
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change as the development of new ways of acting and being in an environment

that also changes as a result of the actions of the teacher.

4. In this study four different data collecting instruments were used. These

instruments cut across such divisions as espoused and enacted conceptions, and

allow for wider collection of evidence in support of the perceived relationship

between teachers' conceptions and their practices.

5. The teachers' conceptions that fundamentally determine the teachers' actions and

thoughts in the classroom were identified as the conceptions of mathematics, of

teaching and learning mathematics and the influence of the context.

7.4 Limitations and rccommcndations

The number of participants in this study is too small to generalise the results of the

effectiveness of a programme like TISP on conceptual change in mathematics teachers.

Another limiting factor is the selection of participants that was based on totally arbitrary

criteria decided on by the researcher.

The data collection instruments used in this study also need further refinement. It is

possible to compile a different problem sets for the repertory grid and come to different

conclusions. The questionnaire and the interviews provided the most inconsistencies

among the various conceptions that the teachers held. The inconsistencies were

deliberately underscored and the consistencies highlighted in order to identify the major

conceptions of the participants on mathematics, the teaching and learning of mathematics

and the influence of the context. The espoused-enacted dichotomy that has been

highlighted in research on teachers' conceptions was not a focal point in this study.
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An implicit assumption in this study was that the course content would lead towards some

form of conceptual change in the participants. It was not the intention to concentrate on

the RME approach and compare it to any other approach. However, this link between

course content and outcome should be investigated further as it may provide us with more

information on what type of content is more appropriate for effecting conceptual change.

A developmental research approach (Gravemeijer, 1993), where the conceptions of

teachers are first investigated, followed by the development of a course that will meet

these found conceptions, may be considered in this regard.

It is recommended that a high priority be placed on research that progresses towards a

unification of the diverse perspectives on teacher learning. In this sense this study can

only be regarded as an exploratory one. Similarly more studies on the integration of the

two perspectives on conceptual change, the developmental and situatitive, needs to be

done to create a better understanding of the conceptual change process.

The teachers' conceptions were the focal point in this study. What is however not known

is how the various components of the teacher's personal theory (knowledge, beliefs,

images and affect) interact in the process of conceptual change. Studies that investigate

the interplay between the various components of the teacher's personal theory are also

needed.

Finally, the issue of how stable the new reconceptualisation process is, needs to be

investigated. Issues like to what extent and under which circumstances these new

conceptions will last require further study. What will be necessary is a follow-up study

on the longer-term effects of a teacher learning experience like TISP.
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J[-----
OUTCOMES DESCRIBED IN CURRICULUM 200S

The critical outcomes:
I. Identify and solve problems in which responses display that responsible decisions

using critical and creative thinking have been made.
2. Work effectively with others as a member of a team, group, organisation or

community.
3. Organise and manage oneself and one's activities responsibly and effectively.
4. Collect, analyse, organise and critically evaluate information.
5. Communicate effectively using visual, mathematical and/ or language skills in the

modes of oral and/ or written presentation.
6. Using science and technology effectively and critically, showing responsibility

towards the environment and health of others.
7. Demonstrate an understanding of the world as a set of related systems by

recognising that problem-solving contexts do not exist in isolation.

Other broader outcomes that contribute to the full personal development of each learner
have been added to the seven indicated above. Itmust be the intention underlying any
programme of learning to make an individual aware of the importance of:
• Thinking about and exploring a variety of learning strategies for effective learning.
• Participating in communities with the necessary responsibility (at local, national and

international levels).
• Being culturally and aesthetically senstive across a range of social contexts, for

example, across racial, language, religious contexts, etc.
• Exploring educational and career opportunities in order to achieve full potential
• Developing entrepreneurial abilities.

SI)ECIFIC OUTCOMES FOR MATHEMATICAL
MATHI~MATICS AND MATHEMATICAL SCIENCES

LITERACY,

I. Demonstrate understanding about ways of working with numbers.
2. Manipulate numbers and number patterns in different ways.
3. Demonstrate an understanding of the historical development of mathematics in

various social and cultural contexts.
4. Critically analyse how numerical relationships are used in social, political and

economic relations.
5. Measure with competence and confidence in a variety of contexts.
6. Usc data from various contexts to make informed judgements.
7. Describe and represent experiences with shape, space, time and motion using

available senses.
8. Analyse natural forms, cultural products and processes as representations of shape,

space and time.
9. Use mathematical language to communicate mathematical ideas, concepts,

generalisations and thought processes.
10. Use various logical processes to formulate, test and justify conjectures.
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RATIONALI~ Ji'ORMATHEMATICAL LITERACY, MATHEMATICS AND
THE MATHEMATICAL SCIENCES

Mathematical literacy, mathematics and the mathematical sciences as sources of
knowledge are significant cultural achievements of humanity. They have both
utilitarian and intrinsic value. All people have a right of access to these domains and
their benefits. These domains provide powerful numerical, symbolic, communicative
and other conceptual tools, skills, knowledge, attitudes and values to
• analyse
• make and justify critical decisions; and
• take transformative action;

Thereby empowering people to

• work towards the reconstruction and development of South African society
• develop equal opportunities and choice;
• contribute towards the widest development of the society's culture;
• participate in their communities and in South African society as a whole in a

democratic, non-racist and non-sexist manner;
• act responsibly in protecting the total environment;
• interact in a rapidly changing technological global context;
• derive pleasure and satisfaction through the pursuit of rigour, elegance and the

analysis of patterns and relationships;
• understand the contested nature of mathematical knowledge;
• engage with political organisational systems and socio-economic relations.
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I-------------------·--~-- Al)PENDIX B---- __J

THE QUESTIONNAIllE

Dear Colleague

I am interested in the kind of views that you have about good mathematics teaching.
Please study each of the following statements carefully and circle for each statement an

X if you cannot give an answer
1 if you diasagree with the statement
5 if you agree whole-heartedly with the statement.
2 - 4 if you agree somewhat

A GOOD MATHEMATICS TEACHER SHOULD

1. Focus on the rules, facts and procedures of mathematics that the
learners must master. X 1 2 3 4 5

2. Work step by step, explaining each step in great detail X 1 2 3 4 5

3. Present key facts, concepts and procedures in a clear way after which X 1 2 3 4 5
opportunities should be afforded for learner practice.

4. Manage the classroom in such a way that the learners can learn by X 1 2 3 4 5
themselves.

5. Present mathematics in interesting ways, e.g. games, puzzles, etc. X 1 2 3 4 5

6. Use many textbooks, as they arc usually good guides for lessons. X 1 2 3 4 5

7. Present mathematics from real life situations. X 1 2 3 4 5

8. Insist on showing the learners the shortest method to do something in X 1 2 3 4 5
mathematics.

9. Use lots of practical activities, like paperfolding, cutting, etc. X 1 2 3 4 5

10. Integrate mathematics with other school subjects. X 1 2 3 4 5

11. Teach different topics in mathematics, like fractions and geometry, X 1 2 3 4 5
separately.

12. Work in an environment with lots of learning aids, e.g. calculators. X 1 2 3 4 5

13. Select the problem situation carefully, as this and not the availability X 1 2 3 4 5
of learning aids, is more important to achieve success.
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14. Show how mathematics can be used as a tool to better understand the
world we live in.

15. Concentrate on developing computational skills.

16. Place learners in situations where they can explore and discover the
mathematics by themselves.

17. Focus on one way to solve a mathematical problem.

18. Allow the learners to also use common sense to solve mathematical
problems.

19. Ensure that the necessary prior knowledge is established, before
proceeding with new content.

20. Involve the learners in activities that are meaningful to them.

21. Leave it to the learners to decide which strategy they would like to
follow to solve a problem.

22. Allow the learners to learn from their peers.

23. Use multiple strategies to explain to the learners.

24. Insist that the learners must explain their solution strategies.

25. Allow the learners to put forward their problems for the class to
consider.

26. Realize that some learners can do mathematics, while others simply
cannot.

27. Concentrate on answers, for the methods for solving problems are not
that important.

28. Use the wrong answers of learners as a means to structure
explanations.

29. Encourage the learners to find more than one way to solve same
problem.

30. Develop logical reasoning in learners.

31. Place the learners in proble-solving situations.

32. Encourage the learners to find meaning behind rules, e.g. why do we
invert and multiply when we divide fractions.
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[--- APPENDIXC

SEMI-STRUCTURED INTERVIEW

SECTION 1: GOOD TEACHING

1. Do you know anybody who is a good Mathematics teacher (Yes or No?)
Why do you regard this person as a good teacher?

(Has your view of what constitutes a good mathematics teacher changed since you
attended the nsp courser)

SECTION 2: PLANNING I·'OR INSTRUCTION
I want you to think of a very good or excellent lesson that you have taught in the
immediate past.

1. How did you plan for this lesson? With whom? How long did it take to plan for the
lesson?
2. How did you arrive at the specific examples! situations that were used in class?
3. Did you include any of the learners' life experiences in your planning of the
lesson? How?
4. What type of cross-curricular activities did you plan for? How do you plan for
cross-curricular work i.e. is the choice of a module guided by the mathematics in it or is
the mathematics added on later?

( How would you say your planning has changed since you attended the TISP courser)

SI~C'nON 3: RESOURCES (resources refer to concrete materials and real life
experiences).

With reference to the same lesson that you regard as good! excellent:
1. Where did you get the ideas for the lesson?
2. Which resources did you use? What motivated you in your choice of resources?
3. Were the resources effective? Why do you say so?
4. Did you utilize any of the learners' life experiences in your presentation of the
lesson? How?

( Was there any change in the criteria/or/he selection of resources since you attended
the nsp course? State the new criteria.)

SECTION 4: MEDIATION

1. In what ways do you provide personal assistance to the learners? What do you do
when a learner has difficulties with the content?

2. What do you do to encourage learners to become aware of the potential for learning
from each other?
3. How do you allow for learners preferring to learn and participate in different ways?
4. What strategies do you use to help the learners to look critically at what they have
done?
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5. How do you encourage questions from learners and respond in ways that will
facilitate learning?
6. What approaches do you use to help would be your response if pupils come up with

the following responses to the same problem

(How do you handle pupils with differing abilities since you attended the TIS]>course?

SECTION 5: ASSESSMENT (is the focus on product or on process)

1. What did you hope to achieve with goodl excellent lesson that you taught?
2. How successful was the lesson? What were the indications of the success of the

lesson?
3. Which is more important for you - getting to the answer, or the way the answer was
derived at? Why do you say so? How does it show in your teaching?
4. What forms of information about learning do you collect after or during a lesson?
5. What kind of feedback do you give to your learners (based on the assessment)?
6. Comment on the following two answers from different learners:

(Comment on any changes since you attended the nsp courseï)

SECTION 6: IMAGE OF SELF

1. Suppose you need to explain to somebody what mathematics is, what would you
say?

2. How would you describe your own mathematical abilities - weak, average or good?
Why?

3. Do you like mathematics? Why? Why not?
4. Which topics in school mathematics do you like best? I least? Why do you say so?
5. Which aspects of teaching are you good at? Which aspects of teaching would you

like to improve on?

( Have your views about your own mathematical ability changed since the TIS]>
course? How?

(Have your views about your teaching abilities changed since the ns]> course? How?)
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SI~C'I'I0N 7: CLASSROOM MANAGEMENT

1. Briefly describe how your classroom is organised.
2. How do you cope with the range of mathematics attainment in your classroom.
3. What do you regard as an effective system for control of pupils?
4. Which factors in school do you regard as advantageous for the type of teaching that

you would like to use?
5. Which factors in school do you regard as impediments for the type of teaching that

you would like to use?

( Describe any changes in the way your classroom is organised since you attended the
nsp course?
+1<; there any change in your pupils since you attended the ns]> course? In what
way?)
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SECTION 8: REFLECTION
1. What kind of experiences would you like to have to become a better teacher?
2. To whom do you turn for advice or guidance when you want improve on a

particular presentation? How often do you do this?
3. What do you regard as the most important source for your own learning? Why?

(Describe any changes since you attended the l1SP course)
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APPENDIXD

'fUJi: IU~PI~n.'fORY GRID

Dear Colleague

I am interested in the kind of views that you have about the teaching and
learning of fractions. There are two sets of questions and each question
consists of three different teaching or learning approaches. Please identify
the differences and the similarities that you seen among the different
approaches in each question. Then try to formulate a short phrase Ol'
sentence that will describe the difference Ol' similarity. Remember there are
no "correct" answers.

Thank you for your co-operation.
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1. Three different teachers decided to teach an initial lesson on fractions to a Grade 4 class.

Teacher A.
\Which part of the figure is shaded?

Teacher B.
1

Jenna has 12 dolls. Of these dolls, - are Barbi dolls.. 4
How many Barbi dolls does Jenna have?

Teacher C. Divide 3 ginger biscuits equally among Peter, Sipho, John and Armien. How
much of the biscuit must Peter get?

1.1 Do you see any similarities between these representátions? Indicate which two
representations are more similar by circling the relevant letters A, B or C.

Describe the similarities between the two representations that you have selected.
Could you sum up the similarities in single word(s) or short phrase(s)?

----.-----------------------------------

1.2 Describe the differences in these representations.
Could you sum up the difference(s) in a single word(s) or short phrase(s)?
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Three different teaching approaches for a lesson on division of fractions to a Grade 6 class are
shown below.

1 3 9 4
A. 2- = x - 3

4 4 4 3

I 9 4 9
1 3 2- ..- x ....- .a_4_ 4 3 3B. 2- = - = =
4 4 3 3 4 I

4
.._ x -...
4 3

c. It takes ~ of an hour to bake a milk tart. The clock on the oven

h l baki . . 1 1shows that t e tota akmg time IS 24 hours. How many mi k tarts were baked?

2.1 Do you see any similarities between these representations? Indicate which two
representations are more similar by circling the relevant letters A, B or C.

Describe the similarities between the two representations that you have selected.
Could you sum up this similarities in single word(s) or a short phrase(s)?

2.2 Describe the differences in these representations.
Could you sum up the differenceïs) in a single word(s) or short phrase(s)?

..._-----------------
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1.The following represents different starting points of three different teachers to teach
equivalent fractions.

3 5
Problem A :Which is more: 4 or 6 ?

3 5
Problem B : Sylvia must get 4 of a block of chocolate. Magda must get 6 of a similar block

of chocolate. Who gets more? How much more?

Describe the similarities between the two representations that you have selected.
Could you sum up this similarities in single word(s) or a short phraseïs)?

...._---_._---- .._-----

._-_._----_ ..-.-.-_ ....•._ ......•- --_.__ .._._ .._-_ ..

3.2 Describe the differences in these representations.
Could you sum up the difference(s) in a single word(s) or short phrase(s)'l

-----------------
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The following represents three different partial solutions of three different learners for i-!.

,A. 4
12

3
12

B.

c.
1 2 3 4 5 6
3 6 9 12 15 18

1 2 3 4 5 6
4 8 12 16 20 24-

4.1 Do you see any similarities between these representations? Indicate which two
representations are more similar by circling the relevant letters A, B or C.

Describe the similarities between the two representations that you have selected.
Could you sum up this similarities in single word(s) or a short phrase(s)?

------------_._--

-------~--

4.2 Describe the differences in these representations.
Could you sum up the difference(s) in a single word(s) or short phraseïs)?

._--_.._---
----_._------ -_.__ ._._--_---
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The following showslthree different solutions of learners to the problem:

Jan has walked lof/he distance. He has covered a distance of 1 kilometres.4-
2

What is the total distance?

A. 1 1 3
1

6

I 3 9 4
B. 4- - x - = 62 4 2 3

I .
C. I .-- ~I

i
J J! 1 1 .
1- + + }- + 1- = 6
2 2 2 2

5.1 Do you see any similarities between these representations? Indicate which two

representations are more similar by circling the relevant letters A, B or C.

Describe the similarities between the two representations that you have selected.

Could you sum up this similarities in single word(s) or a short phrase(s)?

5.2 Describe the differences in these representations.
Could you sum up the difference(s) in a single word(s) or short phrase(s)?
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The following represents the sOlution strategies of three different Grade 6 learners for the

problem: With Fruit Drink 4parts offruit juice concentrate is added to 10 parts afwater.

With Summer Delight 6parts of fruit juice concentrate is added to 16parts of water. Which

mixture contains the most fruit juice?

LEARNER A

Fruit Juice
Water

4
/10"-..

2 2
5 5

2
15-
3

Summer Delight has more water, so Fruity Drink has more fruit juice.

4 16 64
10 x 16 == 160

6 lO 60
en 16 x 10 == 160

LEARNER B:
Fruity Drink contains more fruit juice.

LEARNER C:

Juice 4 8 16 64
Water 10 20 40 160

Juice 6 36 60
Water 16 96 160

fruity Drink has more fruit juice.
6.1 Do you see any similarities between these representations? Indicate which two
representations are more similar by circling the relevant letters A, B or C.
Describe the similarities between the two representations that you have selected.
Could you sum up this similarities in single word(s) or a short phrase(s)?

----_._ ..---------
------_. __-!...._---_._--- .._------_........_--

6..2 Describe the differences in these representations.
Could you sum up the difference(s) in a single word(s) or short phrase(s)?

--------_.------.----_._----------
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L..- .~_-_-··-_·-·-_··-_·-·------··Ai;PENliix-E~==:==_~~ =:J
CALCULATION OF TRUTH AND INFORMATION VALUES

This calculation deals with Tl ... T2 where
Tl :=: Very good method
T2 ::::Gives meaning of concept

1) The actual scores

Tl
T2

2) Normalize on [0; 1] ; b - x; b = 5 (max of scale), a= 1 (min of scale) and x =
b-a

score.

Tl
T2

3) Calculating the truth value of Tl -. T2 following to Dolk's (1997) notation
WTI -. Wn = min (min (1, 1 - tli+ hi»

;

(1, 1 - tu+ t21)

(1, 1 -- 0 + 0) := (1,1)
(1,1- .5 + .5) =: (1,1)
(1, 1 - .75 + .25) = (1, .5)
(1, 1 - .75 + 0):= (1, .25)
(1,1-0+.5)=(1,1.5)
(1,1 --·1 + .75):::: (1, .75)
(1, 1 - .75 + .5) = (1, .75)
(1,1 - 1 + .75) = (1, .75)
(1, 1 - 0 + 0) = (1,1)

.mln
;

1
1
0.5
0.25
1
0.75)
0.75
0.75
1

I-Ience the TRUl1-1 VALUE is 0.25
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4) Find the probability (relative frequency)
vn == {1.0010.22; 0.7510.33; 0.5010.11; 0.2510.00; 0.0010.33}
VI2::= {1.0010.00; 0.7510.22; 0.5010.33; 0.2510.11; 0.0010.33}

5) Find the conditional probabilities.

Truth-value for Tl -t T2 is 0.25 and the values for Tl and T2 come from the
normalized table in 2) above.

5.1 Tl ::= 0; 1'2 = 0
Min (1, 1 --Tl + 1'2) ~0.25; min (1, 1 - 0 + '1'2) ~0.25
:. T2 can have values 0; 0.25; 0.5; 0.75 and 1 and the distribution from
1'2 == 0 is

And so the conditional probability is 3/9 ::= 0.33

256

5.2 Tl = 0.5; T2 = 0.5
Min (1, 1 - 0.5 + T2) ~0.25; min (1, 0.5 -I: T2) ~0.25
:. T2 can have values 0; 0.25; 0.50; 0.75 and 1. The distribution from
T2= 0.50

And so the conditional probability is 3/5 == 0.6

5.3 Tl ::= 0.75; T2 ::= 0.25
Min (1, 1 - 0.75 + T2) ~0.25; min (1, 0.25 + 1'2) ~0.25.
:. T2 can values 0; 0.25; 0.50; 0.75 and 1. Distribution from 1'2 == 0.25 is

I~.25 I~.50 I~·75 I~ I
And so the conditional probability is 1/6 ::= 0.167

5.4 Tl = 0.75; T2 == 0
Min (1, .25 + T2)~0.25
:. T2 can have values 0; 0.25; 0.5; 0.75 and 1. The distribution from
T2 = 0 is

I~ I ~.25 I~.50 I~.75 I~ I
And so the conditional probability is 3/9 = 0.33
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And so the conditional probability is 3/5 = 0.6

5.5 Tl = 0; T2 = 0.50)
Min (1, 1 + T2) >-0.25
:. T2 can have all values. The distribution from T2 = 0.50 is

5.6 Tl = 1; T2 = 0.50
Min (1, T2)>-0.25.
:.1'2 can have values 0.25; 0.5; 0.75 and 1.00. Distribution from
T2 = 0.75 is

fOTsTll
rr=ITJ
And so the conditional probability is 2/2 = 1.

5.7 Tl = 0.75; 1'2 = 0.5
Min (1, .25 -I- 1'2) >-0.25
:. T2 can have all values. The distribution from T2 = 0.5 is

257

I ~.50 I ~.75 I ~ I
And so the conditional probability is 3/5 = 0.6

5.8 Tl = 1; T2:;:: 0.75. Conditional probability is 1 as found in 5.6
5.9 Tl = 0; '1'2:;::O.Conditional probability is 0.33 as found in 5.1

6) Find expected surprise for T2.

a(T2) = I -log2 (p(T2; »/n
;

-1= --(210g.22+ 310g.33 + 10g.11 + 310g.33
910g2

= 1.906

7) Find conditional surprise

a(T21 Tl-·T2)== I-Iog2(p(T2; ITI;,1'I~T2»ln =
I

-1--(logO.33 + logO.6+ logO.167 + logO.33 + logO.6 + logt + logO.6 + log log l + logO.33)
910g2

https://etd.uwc.ac.za/



-1= --(31og0.33+ 31og0.6 + logO.167 + 21og1)
91og2

= 1.066

8) Find the information [ 6) - 7)]
1.906 - 1.066~ 0.840
INFORMATION VALUE is 0.840
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