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Abstract

In this paper the notion of “mathematics profilesid “instructional behaviour profiles is introducéd
brief explanation of what these profiles are ana hbey were constructed and represented for pre-
service mathematics teachers is provided. An elawipone of the participants’ profiles is included
as an example. The influence of the pre-serviceh&a’ mathematics profiles on their instructional
behaviour is then discussed. This is done withriega using the mathematics profiles as a potential
tool to optimise the development of pre-servicehmatatics teachers’ instructional behaviour towards
a more reform-oriented approach.

Introduction

How does one mathematically determine whether tadignt of a straight line is positive or negative?

| asked this of a mathematics student teacher lakasrving and was surprised that he could provide
no mathematical explanation. Instead he explaihatia positive gradient could be recognised by the
fact that if you were walking along the line, it wd be like walking up a mountain so you would feel
really positive. On the other hand the negativaligmat or slope is like coming down a mountain and
one usually feels negative coming down a mount&ie. confessed that he relied mainly on
memorisation to explain mathematical concepts.

This is one of many similar examples where mathes& endorsed as a process of rote memorisation
rather than a discipline requiring understandingrifly my role as a mathematics methodologist (or
specialisation lecturer), | became increasinglystiated and concerned at the low level of content
knowledge as well as teaching and learning streselpeing demonstrated by pre-service mathematics
students during such practical teaching periodsspide the global reform being initiated in
mathematics education, the students continued fwdstrate a traditional and rote learning approach
to teaching mathematics with only superficial mosidowards a more constructivist paradigm. With
their own experiences of mathematics teaching hoacmost likely being limited to a traditional
approach, and the lack of deep change occurringadset schools they would end up teaching in, |
began to wonder how we can most effectively achtbeereform in pedagogy we are aiming towards.
And how much of this may be dependent on the madliead content knowledge or what | have since
come to term the "mathematics profile" of teachers.

Using the literature, | identified important compgaois or indicators of content knowledge (subject
matter knowledge, pedagogical content knowledgaceptions of mathematics and beliefs about the
teaching and learning of mathematics) and used fdata the final portfolios of seven studehis a
one-year Post Graduate Certificate in EducationQPf5programme to compile mathematics profiles
for each student and analyse the influence thenedlfieir resulting instructional behaviour.
Conceptual framework

The research was conducted from within a sociasttoativist paradigm. Ernest (1991, 1998) suggests
social constructivism as a philosophy of mathemsatmd discusses it also as a philosophy of
mathematics education. Through this lens mathematcviewed as a social construction and
knowledge is a result of a process of coming tovkinluding processes leading to the justificatidn
mathematical knowledge

The two main constructs in the study were the nmatiies profiles and the instructional behaviour of
the participants. The mathematics profile constma$ determined with respect to four components,
namely, subject matter knowledge, pedagogical ebrikrowledge, conceptions of mathematics and
beliefs about the teaching and learning of mathesafhe instructional behaviour construct was
studied with regard to participants’ use of a ttiadal versus reform approach to teaching, and kéret
learners were afforded an authoritarian versus deatio style of learning.

The conceptual framework draws extensively on tleekvof Ernest (1988, 1991, 1998) in analysing
the two main constructs of mathematics profiles arstiructional behaviour. However, where there
was not sufficient literature in Ernest’'s work, tbenceptual framework was supplemented by other
authors such as Ball (1988, 1990, 1991) for thgesubmatter component, Shulman (1986) and Veal
and MaKinster (2001) for the pedagogical contertvdedge component, Thompson (1984, 1992) for

! These students were not all enrolled for the ainshe same year. One of the students completed
the course in 2006, two of the students compldiectburse in 2007 and the other four completed it i
2008.

% This is a post graduate certificate that studentsl for once they have obtained an initial Bachs!
degree in order to qualify as teachers.
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the conceptions component and Goldin (2002), Bog¥04) and Davis (1997) to inform the
instructional behaviour analyses.
Methodology
A qualitative case study design was used as thearels methodology for this exploration. The case
study was carried out retrospectively or post-hocthat the data set was only analysed once the
students had completed their PGCE course. A sligitérnative data collection technique was used in
this qualitative approach in that interviews weog conducted with any of the participants. Thelfina
portfolios that participants handed in were thenmreource of data. This means that the participants
themselves initially selected the “data” they chésepresent. | then did the first data reduction in
selecting reflections and other entries from pagudiots’ portfolios to compile participant refleatia
These were taken directly from the portfolios amdtten in the voice of each participant. The second
data reduction was done in writing the researclkfleations. These reflections were written as a
response to the participant reflections based orexpgriences and assessments of the participants as
their specialisation lecturer. In the third datduetion, the participant and researcher reflectiwase
deductively analysed using the relevant categatissussed in the literature. This analysis was then
presented visually displaying an initial and fimaathematics profile for each participant and plgcin
each of these in a sub-quadrant on the instrudtlmetzaviour Cartesian plane. This plane was made up
of the traditional/reform teaching continuumgxis) and authoritarian/democratic learning cantim
(y-axis). These visual representations facilitateddtoss-case comparison.
Presentation of data
As indicated in the methodology, participant refl@es, researcher reflections and visual
representations of the mathematics profiles anttucsonal behaviour of participants were used in
presenting and analysing the data. For the scopl@opaper, a visual representation of the prefilé
only one of the participants is provided (Barn€X)9®). A summary and brief explanation of each ef th
categories of the components of the mathematidder® provided in Figure 1.
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Figure 1 lllustration of the four categories of edn component of the mathematics profile

The headof the face represents thebject matter knowledgén the visual representation, the category
on the extreme left indicates obvious and fundaaietnceptual gaps in the participant’s subject
matter knowledge. In the second category, lessamnaahtal conceptual gaps were evident with some
relational coherence of the content. The third gatg indicates that the subject matter knowledge
appeared sufficient with no gaps evident in terrheroors or lack of mathematical understanding
observed during the course of the year. The firmtkbgory on the right depicts subject matter
knowledge that is not only relational but also ablextend into other learning areas where necgssar

40



The ear depicts the pedagogical content knowledge. Reaswmnghis include that much of the
pedagogical content knowledge of a student teash@ken in by what they hear in class at universit
and what they heard at school. A large part of ithiheir own teaching practice is their abilityhear

the learners, their errors, their thinking and wehiirey are at in their thinking. The category om fr

left indicates an incomplete pedagogical contervkadge for a pre-service teacher. The categories
towards the right of the continuum show varyingelevincreased pedagogical content knowledge.

The eyeillustrates each participant’s view or conceptiafisnathematics (for obvious reasons). The
varying shape of the eye in the four categoriescatds a movement from seeing mathematics in its
absolutist form as a limited, rigid, structured ante-bound subject on the far left category to @en
dynamic, interrelated and continually evolving @b that is more in line with the
constructivist/problem-solving view as expressedhbyest (1991), in the category on the far right.
Finally, the mouth represents the beliefs about the teaching anditepiof mathematics that each
participant verbalised or expressed. In differdimtgabetween these belief categories, the rolehef t
teacher can be either a transmitter on the farikestructor, explainer or a facilitator on the faght of

the continuum. A transmitter is a device that traits specific information or signals to “passive
receptors” or receivers that receive the signaldouhot transmit back. When a transmitter sendsaout
signal to a transceiver though, the transceivedsdrack information. In my view the teacher in the
role of the transmitter believes the teacher isxgositor and although they are aware of the learine
the classroom, they talk to them as passive receptithout expecting input. The instructor and the
explainer, however, both view the learner as astraeiver that they expect to be more active and
communicate with them. The difference though ig tha instructor demands a much lower level of
input and response from the learner than the engrlaivho tends to require responses that demoastrat
understanding. Finally, the facilitator has thdeylclosed lips indicating that, similar to thepkainer,
they also expect learners to communicate their nstaleding and in my view, they see learners not
only as transceivers but as decoders. Facilitdhanefore tend to continually demand more highdleve
mathematical reasoning and facilitate discussidr& tlicit this. In such cases, the learners are
supported to do more of the thinking and constoumctif knowledge with the facilitator guiding the
process (hence the closed mouth in the visual septation).

Similarly to the approach applied to the developimeh the mathematics profiles, each of the
traditional/reform and authoritarian/democraticrigag continuums (each forming an axis of the
Cartesian plane in Figure 2) was divided into fagual divisions. However, these are not
differentiated into categories, but rather formrf@maller sub-quadrants in each of the four main
guadrants of the Cartesian plane. | purposefulbidad using numbers on the Cartesian plane so that
this remains a representation of their changingruntonal behaviour, as | see it, without attaghin
value or measurement to it. An initial and finakduant for each participant was derived according t
their position on each of the traditional/reforradking and autocratic/democratic learning continsium
Visual representations such as the example providexve were constructed for each of the seven
participants in the study and these facilitated di@ss-case comparison. Four main aspects emerged
from the comparison.

Democratic

Reform

Authoritarian

Figure 2 Example of a visual representation of apicipants’ changes in profiles
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Firstly, the component of subject matter knowledges appear to play an important part in enabling
or constraining the changes in pre-service mathemg&tachers’ instructional behaviour. Secondly, |
am suggesting that not just reflecting on one’sciice/experiences but that the quality of these
reflections may affect the extent of positive chamge-service teachers make in their instructional
behaviour. Thirdly, | suspect that encouraging stisl to access and read more literature in the
mathematics and mathematics education domain igthimg that could be considered developing and
improving pre-service teachers’ mathematics prsfileith particular reference to their conceptiond a
beliefs. Finally, it appears that an improvemenpiie-service teachers’ pedagogical content knovdedg
does not necessarily have the extent of influemcehanging their instructional behaviour that weseeted.
These four aspects have important implications tfaming mathematics teachers in the Further
Education and Training Phase. As | reflected ondheent intended outcomes and content of the
PGCE course that forms the context for this studgalised that we spend most of the year focusing
on improving the pedagogical content knowledge oif students (both general and more domain
specific) and on training them to approach teacldnd learning in a more reform and democratic-
orientated way. Research indicates that this tymgpproach to teaching and learning is more likely
result in independent and critical-thinking leamddowever, the mathematics profile appears to have
more of an influence on the instructional behaviolustudents than | originally anticipated. As lcas
we continue trying to focus on training and chaggthe instructional behaviour of our students
without considering their mathematics profiles, wi# not be able to achieve our intended outconhes.
am therefore suggesting that evaluating studenitiai mathematics profiles and then working to
improve and expand the necessary components mayndre effective in reforming students’
instructional behaviour. The emphasis on improvipgdagogical content knowledge without
considering students’ conceptions of mathematicsthair beliefs about the teaching and learning of
mathematics does not appear to enable this interefedm. The issue of how best to assist students
who exhibit conceptual gaps in their subject materwledge also needs to be considered owing to the
enabling or constraining impact of this componemggested in this study.
Conclusion
The results of the study indicated that the mathiesarofile of a pre-service teacher of mathensatic
has a considerable influence on their resultindrucsional behaviour. The visual representations
suggest that the participants who made the mostaotial changes in their mathematics profiles also
made the most significant changes in their instoneil behaviour. | am not trying to indicate a
mathematical direct proportion here in that moranges in the mathematics profile imply more
changes in the instructional behaviour. Rather fam-grounding the trend that the students withalfi
mathematics profiles with components predominaimlyhe third or fourth category (see Figure 1)
demonstrated the most movement in terms of thetruntional behaviour. Students’ whose final
mathematics profiles were predominantly in Categaéryand/or 2 of each component similarly
demonstrated the least movement in their instroatibehaviour. This suggests that focusing onfall o
these components of the mathematics profile inheatraining is an important aspect in reforming
pre-service teacher’s instructional behaviour.
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