7 Discussion
8 Conclusion
Notas

Chapter 7: A Participatory-inquiry Approach and the Dilemmas
of Mediation

Introduction

A Participatory-inquiry Approach and Related Dilemmas
Briaf Mathodological Commant

A Vignetta: An Ingident and Reflections
Cantextualising the Vignette

Discussion

Conclusion

Notes

SRS WS

Chaptar 8 The Dilemma of Transparency: . anguage Visibility
in tha Mathetuatics Classrooin

1 Intreduction
2 Locating Helen's Focus on Explicit Language Teaching
3 The Particutar Context
4 A Vignetta - Classroom Episodes
) My Cbservations
6 Helan's Rafle  .ons
7 Discussion
8 Conclusion
Notes

Chapter 9: Conclusions ur.d Rascommendations for Teachar
Education and Further Resoarch

References

Appendix A: Interview Schadule

Appendix B: Summary of Some -oints from Intarviews
Appendix C: Tadchars’ Maps

Appendix D: List of Abhroviations: Video Teanscripts

xii

208
212
214

215

218
217
218
221
228
242
251
253

255
255
288
264
267
274
276
279
282
284

285

294
307
3t
316
322



7 Conclusion
Notes

Chapter 3: Exploring Teachers' Knowisdge: Meathodology and
Research Design

Introduction

The Fleld - or the Working Unlvarss
The Sample

The Researcht Mathods

Tha Resaarch Pracass

Data Analysis and interpratation

A Particular Kind of Field Research
Reliability, Vslidity and Generalisahitity
in Whosa Voice?

Notes

Do~ OahLON..a

Ghapter 4: The Data: A First Lavel of Analysis

Introduction

The Teachers and Their Schools

Summarising the Initial linterviows

Inside the Classrooms, Reflective Interviews and Workshops
Conclusion

Notas

[ O ]

Chaptar 5: Talking About Teaching: Tha Initlal Interviews
and the Emergance of Dilemmas

Introduction

The Initial Interview and Data Interpretation
Cominonalities

Divargancas and the Emargunca of Dilemmas
Jigcussian '

Conclusion

Notes

DRHPEOBN -

Chapter 6: To Switch or Not To Switch - That is {or is that?)
tha Question

introduction

Brief Mathodalogical Cammant

The Contaxt

A Vignotta: An Eplsoda with ‘At Most' and ‘At Least'
My Obsarvations

The Roflactive Interview

SRS WN -

xi

77
79

81

81
85
89
91
93
104
11
113
117
119

121

121
121
124
129
158
158

159

159
159
162
166
177
182
184

18b

18%
187
188
193
199
202

sﬁs"‘t <

thdg T
A
i -

b o,



CONTENTS

Title

Abstract

Declaration
Detlication
Acknowledgements
List of Tables

List of Filgures

List of Abbraviations

Table of Contents

Chapter 7: The Problaim: Working in Muitilingual Secondary
Mathematics Classrooms in South Africa:

The Probleam Devalops

Aims, Theoretical Orientation, Assumptions, Motlvas and
Boundaries

Why This and Why Now?

Why Teachers?

Why South Africa?

Why Mathematica?

A Sketch Map of the Thasis

Notes

O~ddDOmdpw N =2

Chapter 2. Daveloping a Language of Description and Explanation

1 introduction und Broad Thaoratical Brush
2 Dllemmas in Teaching: ~ Practical Account of
Teachers' Actions

3 Dilemmas in Taaching: A Dialectic Account of Teachars'
Actinns

4 A Sociel Practica Theory of Teachers' Knowledge

] School Mathamatics as a Discourse

G Soclo-cultural Theory of Language and the Teaching

and Loarning of Mathamaties in School

X

Page

i

iv

vi
vil

vii

24
27
30
31

36

36
39

43
61

€4
67



List of abbraviations

ANG - African National Congross

AEGCC - Australion Education Council Curriculum Gorgoration
COTEP - Gomuttee on Teachor Education folicy
DET - Dopartment of Edugation and Training

DoE - Department of Edueation

ESL - English Second Languageo

INSET - in-8orvige cducation ond training

NCTM - Nationa! Counell of Teachers of Muthemancs
NEPI - National Eduaation Policy Investigation

NESE - non English - speaking backgrounds

NQF = National Qualifications Framowork

PRESET - pro service adusation: and troining

ix




List of figures

1. Eiguro (1)
2. Figure (i)

A Relatian View ot Curagubum
Evtract from workshoot in Suo's 8td 6 olass

viii

Y
Ay



List of tables

Lo B =t

Teachers' biographical profilos
Teachers' sehools and class taught
Utterange frequoncies of selested categorics

vii

.
fa,



]

Acknowledgemaents

First and foremost is my deop gratitude to and admiration for the mathematics
teachers in this study. During 1992 angd 1993, they welcomed me into their
classrooms, and gave gonorousy of thoir time for interviews and workshops.
They participated openly, seff-grivically and with enthusiasm even though at times
the process might have been uncomfortable. | learned a great doal from them.

- | only hope thoy bonofitted from, and wore onriched by, 8 process that

undoubtedly enriched me, and that will hopefuliy benefit and enrich tho field of
mathematics education, ! also thark principals of the schools and the pupils in
each of the ciasses far allowing me access, and for supporting the rescarch.

| was indeed fortunate to have both Professor Shirley Pendiebury at the Umversity
of the Witwatersrand, Johannesburg, as my main supervisor, and Dr Kathryn
Crawford at the Univorsity of Sydney, Australia, as my assistant supervisor,
Jointly they brought considorable expertise in the fields of toeacher education and
mathematics oducation.

Protessor Pendlebury was always available for astute and critical supervision and
discussion, | thank hor for hor engoing and unfaiting support, for her ability to soe
strugture gnd meaning in my carly attempts to describe complox qualitative dati,
and for her encouragement. Her koon analytic probing helped mo net only to
clarify and refine my ideas, but als¢ with my expression of them,

Dr Crawford was Koy in my inteliectual project, acver allowing me to veor off tho
task of rigorous research, With infrequent meetings but frequent o-mail, she spent
hours reading, maiting and e-mailing somments and questions. Her critical insight
into mathematical activity continually chaltenged me to decpen my thinking and
stronthan my arguments.,

| am indebted to Lyn Slonimsky, my collcague ansd friond, for hor intollectuat
goenergsity, Not only did sho assist directly by commenting on parts of the thoesis,
but my continuing crnversation with hor about cducation, about teaching and
inarning has profoundly shapod and enhanced my knowledge and undarstanding.

Profuassor Peter Randall spent much more time than hg antigipated oditing the
thesis. | thank him for i fine-tuning that ! could not bave accomplished on my
own, and for boing nice about my quirks.

Far Taffy, Joshua and Mighelle, my family who hava lived this with mo, there are
ne appropriato words of thanks. Joshua and Michsile fvarngd to live at times with
an ghsont presenco as | buried myself in writing.  Taffy not anly kept home afluat
during my absences, but spent hours listening to and engaging with my developing
idoas. Mo pationtly proof-read the final draft, and always made sure 1 did not et
inevitahle clestronic snags get the better of mao,

vi



To Tafty, Joshua and Michells

for their patienco, love and support

) ?.!*;*"




'

Declaration

1 declare that this thasis Is my own unaidad work. it is submitted for the degree
of Doctor of Philosophy in the University of the Witwatersrand, Johannesburg, it
has not been submitted before for any othar degree or examination In any other
univorsity.

/;-(l! (t?f"“

 Jillian Baryl Adler

10th day of Juna, 1996,

e



O

Three key dilemmas emarge in this study: the dilemma of code-switching, the
dilemma of mediation, and the dilemma of transparency. Evidenced in this study
is that while dilemmas suggest the need for a choice between opposites, they are
naever eitherfors in the complex lifo-blood of classrooms. Instead, thay are a
potential source of praxis. Teachers manage thelr dilemmas, sometimes fully
awareg of the cholges they make, choices that are at once personal, practical and
contextual. At other times, elements of their practice are obscured.

The theoratical contribution of this thesis lies in broadening he conception of
teaching dilemmas and in extending the language of dilernmas 1o capture the
specificity of the muitilinguatl mathematics classroom,

The implications of the study for mathoniatics teacher education are profound yet
simple. A language of dilemmas can assist teachers to recognise, talk about and
act on the tensions in their practice, and so empower them 10 make informed and
contextually appropriate pedagogical decisions.

Keywords: mathomatics education; teache eoducation; taachers' knowiedge;
multilingual; secondary; teaching dilernmas, code-switching, mediation,
transparency, -
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Abstract

This is a study of secondary mathomatics teachers' knowledge of the dynamics
of learning and teaching mathematics in multilingual slassrooms in South Africa.
It probes teachers' articulated and tacit knowledge through a gualitative
methodology that inciudes in-depth interviews, classroom observations, and
reflactive workshops. Thea sample is purposive and theoretical, comprising six
teachers drawn from three different multilingual school contexts, Categories of
description and analytic narrative vignettes enable a gualitative, layered analysis
of what the teachers said and how they actad.

A sociocuitural theoretical framework is doveloped to explain both teachers'
knowledge and the learning and teaching of school mathematics. In a multilingual
classroony, it is the teacher's role to harness tanguage as a resource, and to assist
learners’ movement back and forth botween their main language and tha fanguage
of instruction on the one hand, and between everyday, educational and
mathematical discourses on the other. The complex communicative demands on
teachers and learnars are best understoad within a social theory of mind. Here,
teaching and learning are dialectical processes, deeply intarrolated.

The notion of a 'teaching dilemma’ is the key analytic mechanism proposad to
open up teachers’ hnowiedge of the complex and dialectical nature of teaching and
learning mathematies in multliingual classrooms. This study confirms that teaching
dilemmas are at onca explanatary tools and analytic devicas for teaching, They
make explicit the tensions inherant in teaching. Once located in a multilingual
mathematics classroom, a languago of dilemmas bocomes generativ - * dilemmas
that nhighlight tensions specific to the language and mathematical challenges in
such classrooms.
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decontextualisotion of learners, and  hence sitence socio-cultural forces ot piay in
mathemitics classroom comnunication.” Those studies do not and cannot provide
an adequate account of the communicution of mathematics in classrooms, many
of which are constituted by linguistic and cultural diversity. From a socio cultural
perspective, it is not only what mathematiss is taught and learnt, but how and
where, and if the how entails o languago-rich ¢lassroom, then the communivation
of mathematics cannot be taken for granted (Wertsch, 1988). Communigation in
the ciassroom is, theretore, not simply a cognitive resource. This is central to
Lerman's argument for the meompatibility of Piuwgatian and Vygotskian
perspectives, Longuage as a mediational means is inherently social, Meaning
nover exists outside sets of social practices and sets of disgursive relationa. Thore
15 thus couse for concern with the dominant influence of radical constructivism n
research activity in mathematics education curriculum initidtives.  As Hicks (19935)
argues:

The work of adueational reformers such as those ombracing the
NCTM standa 45 for mathomatics teaghing has led to important
ghanges in tho tnrm of classcuoom communication ... (Huwever)
gducational rescarehoers and teachor-rosecarghers may necd Yo movoe
eng step further than altering the participant framovwaerks  that
eonstitute morg traditional instructional practisos. They may dlse
necd to begin sorious enguiry into how the hoterogeneous voices of
studonts and toachers situationally cunstitute clagsroom GsCOUrses
and what counts as academic knovwhdge [p. BB).

Sceada (1991} also eriticises cognitive rosearch in mihiematios oducation u the
USA for ttking as given or nermalising tho monulingual ¢lild. He posits that this
is incroasingly not the case” ard a wholo set of ditferent quostions related to
gognition and curriculum arise if you turn the eguation around and make the
bilingual child the norn,

There is a simitar silenging of language differonces amongst regearch subjests (that
is, school Jearnars) in rescareh linked to the Cockerott Report (Coukuroaft, 1982)
where, ton, Piagetian undarpinnings can be diseerned,  For oxample, Hoyles
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individual constructions, but within a radieal constructivist paradigm, Cobb ¢t af
11992), Wouod ot di {1992), Yackei {1982), Murray (1992), and Murray 4 al {1993)
all report classroont ased researgh on the manner and oxtent to which
mathematical knowledge construction is intersubjective.  Their collestive research
ovidences how mathematical knowledge {and not simiply rote exesution of set
procodures) can be, and is, effectively buiit thrmigh intoractive classroom
processes. And shifting focus from learners to teachers, Jaworski has
investigated the tensions that arise for teachers working with O 'constructivist
philosophy' {Jaworski, 1989; 1991; 1995), that is, with a philosophy that respects
and values learnors' conceptions and ontails ir jeractive processes in the
classruony.,

All this research reveals mportant changes in torms of classroom communication,
Touchurs co-canstruct with leartiers new forms of discouise consonant with the
goats of enabling larmmers to engage m more challenging and  suthentic
mathematical practices, Communication of mathematies either by @ leamner, ot
amongst learners, or betweon learnors and teaghers raspectively constitutes the
data in tho roscareh cited above. Excerpts from elassreom transcripts are used to
focus on and oxp an the communication that dees happoen and how this shapos
the mathematicol knowledge made avaitable, Cobb ot al's oxtonsive work, for
example, typically provides dotailed andlysis of the devolopmant of intersubjoctive
meanings betwoen a teachoer ond some pupils, oc botwoen pupils themselves.
Howavar, the construgtivist perspoective of this work [eads to o silenging of crucial
dimensions of commuication.  The question: "Who is commumcating?' if asked,
is mostly pusitod only in (alation to pupils versus the teacher, and nat m relatien
to pupil diversity and differonco.  Cne dous not know if these glussrooms are
muitibngual. The languagoe Jearners bring 1o ¢lass is not problematisml,

While these studies "ave gone $ome way to expltining and dlaminating learnee
coenceptions on the ang hand and the negotiation and o consteaction of
mathematical  meaning  an thy  other,  they  simuitaneously  praduce @

11



mathematieal meanings arc negotiated and mtersutijochive ftor example, Cobb et
al, 1992},

Debate on thy primacy of the individual or the social in mcammg makng and the
devolopmont of gonsciousness 1s often referrod to as the Plaget Vyyotsky debate,
Building on attempts to resolve this debate theoretically {Confroy, 1994, 198538,
1995b}) and pragmatically (Cobb, 19940), Lerman {1896} cogently arques that
Piagetion radical counstrugtivism and Vygotskian sog cultural construstivisin are
irreconcitablo,  Tacking  ‘intersubjoctivity'  on to radical  constructivist
presuppositions, as Cobb endeavours to do, simply creates meoherency,  Lennan
argues further that it is unhelpfut to clawy that either Priiget or Vygotsky gnore or
downplay the individual or social life in their theonoes:

«». DOth viows placo i indiveduad and sogiat Efe at the contre of their
theones,.. the ditferencay 18 encapsulated in thar wdentheation of thy
source of maeaning, the one identifying the cogmzing individual and
the othor aultural and discursive practices.

{Lorman, 1886, p. 147)

Thus dichctomising individual ind socia! torees in loarning as either’ors is spurious,
as 18 attaching theso oppasites to Piapotian and Vygotskian theory rospoctively.

Lerman situates his gnbque of the Pagot Vygotsky debate in the current
miathoematics educaticn community whore radical gonstructivism is 'a muajor, if not
dominant theorctical orientation L. = relation to chulkdren's loaming® (p, 133).  Tias
onentation has shaped o gret deal of recent and atluenbal research in
mathematies education. Condrey (1981; 1995¢), tor oxample, has investigated an
ndwadual learner's active cind unique construction of mathematical knowlodge, as
well as what we might foarm i wa diston to childron weorking with matheomanes,
that is, if we ai.able their mathematical voicos, Confroy's regearch is unsettiing
tor teachars who hebovie that mathematical knowledge is cortan and that their
pupils Ganngt generre differant and warthy mathematisations. Extending boyond

10

=



Neither quaostion is peeubar to Seuth African nor to - multiingual classrooms,  Even
in monuiingual scitings, pugils ing a range ol colmunicative gompetences to
glagsreom  commumistion,  Situating this research in urban, multbngual
classroorns in a4 ghanging South Africa serves to highhght theso issues as volr as
refleet their historical and situational spoecificity,

3.1.2 Related research and development in mathematics sducation

The past decado has witnessed o range of rescarch linked, directly ar indireotly,

with the curnieelunt initiatives cited above.

A prolifaration of predominantly North Amerncan research has arisen out of von
Glusersfeld’s radicat gonstructivism (1990)°, Radical constructivism derives trom
Piaget (Piaget, 1970) und combinegs two muin elemonts: the Piagotian notion of
the subject as actively building bis or her knowiedgoe; and an ontulogical position
whicgh asserts that cognition sorves the subjeet's erganisation of the world, not the
discovery of an indopendent ontological reality.  Radigal gonstrustivism has been
chalienged en both epistemoiogical and podagogical grounds, Epistemolegical
entici 118 foeas on the implication of selipsistic knowlodgo in tho theory (Lerman,
1989; Eenest, 1921}, ant” tho charge that it is no mory than 'nevw veine' s the 'old
bottle' of empiricism {Suchiting, 1992; Matthovws, 1992). Pedagogical chalienges
eoneem the interpretations of radical eonstructivism for tho learnimg and teaching
uof mathematics, On the one haad, there is saciclogically intormed eritique that
construgtivist theory demies social forces in learning and the negotiated, sovial and
nolitical dimensions of know!odge and meaning {for oxample, Gordon, 1993). On
the other hand, and from o psychologicat perspective, debate has focused on
mhather toaghoer talk is an intgrvention or intorforonsy 0 individual lsarners®
sonstructions or whothor it is o erucial dimonsion in the mediation of cultural
knowledye iy schaooi {Ellerton and Clenents, 1982}, and on cvidence that

=



classrgoms shapo meaning making and hence possitalities for mathematicsl
learning: an advocacy of maore opoen, learner gontred and  gomimunicative
ctussrooms, that is, of pedagogical (teaching and learning) practices that require
much more languago-rich mathematics classrooms than is current practice; and (d)
concerns with improving the quality of mathematics teaching and iearing, and
SUGEESS rates tor af learners v« apal,

Thesge initiatwes are clearly refiocted in the new aims of mathematics syilab
rocently celeased in South Africa. To quote but & tow:

2.2 General Teaching and Loarning aims

This syllabus g aimoed at lostering the toliowing toachag and
lcarning »ims:

LLE)

2.2.4 0 dovelop flueney in communicative and linguistie skills
e.4. reading, writing, listoning and speaking
2,2.6 to encourage & cocperative learning cnvirgnment

2.3 Spoeitic aims of mathamutes oducation

2.3.8 to develop the abity to undorstand, interproet, read,
speak and wnte mathematical fanguago
{Bapartmont of Education [DoE}, 1986b)

Tho South Afngan axample raises two interrelated questions that are addressod
in this study:

{1} how might a toacher manage tho teaching and learming of mathemiatics in
a marg gommunigotive glassroon whoen pupils bring a range of main ang
additional kinguiges to clasg?

) how might a teacher manage the davalopmont in learners of both the
fnguago of leaming (in this case Bnghsh) and the kinguage of mathemates

at vy sama tinw?
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and . osativity and tlexible and ontical thinkers, problem posers and  solvers
{Keitel 1934; Young, 1994}, This 1 reflected in 0 number of nsgjor national
mathematies cuniculum  proposals, cagh of which places o tew and detaiied
amphasis on communication in the arning and teachmng ot mathematies
(Cockeroft, 1982; Australian Education Counail Curriculuns Corporation {(AECCC),
1991; National Counc | of Teachors of Mathumatss INCTMI, 1989, 1991). At ond
levet this has to do with mathematics for communication, that is, the power of
mathematical nguage n particutar torms of communication and hence the
importance of access to, and the development of, commumgative competence” in
all mathematics learners: they should be able to use muthematical lnguage, to
communicote mathomatically. Mathematical competence s thus more than tho
ability to execute set proceduros.”

At another fevol the omphasis on communication s to do with it b ooull
conununicatiyy for mathomatics.  *Studonts should leam to use language as a tool
for reflecting un their mathematical experiences honea for thair own mathematical
learning®, states the AECCC dacument {p. 19}, Similarly, Cockeroft’s tamous six
eloments of mathematies slassroom practico inctudo pupil-pupil and teacher-pupd
disgussions o facilitato the development of mathematigal ideas and cangepts
(p.71). In verbalising thar idoas, pupils’ speoch for soff (private) and for uthors
(public) function to cohance mathematical learning through meanmg makmg
acuvity. Focusmg more broadly on glassioom discourse, the authors ot NCTW's
Professional Stundards for Teaching Mathematies INGTM, 18891) urgue that
'HSCOUrse ... is coentrii to both what students learn about musthdmaties as well as
how thoy learn i’ and devot two standards to teachors' and leamuers' discursive
roles (pp. 82-54).

While there aro difforences botwoen those national proposals, they share: {a) a
COmMIEMENt (o communIcAtive competence in mathematies, andg henge a hroador
view of what onstitutes mathematical knowledge and  compotencee; (b)) an
undorstandmg that styleg, modes and means of communication in mathematics



Moreover, as a teacher educator, | am interested in teachoers' knowledge of their

practice.

Secondly, the focus on languago {and specifically teachers' knowledge of this) in
this study does not imply that language is the only factor i mathematics fearmning
in school classrooms. Teachars and fearners harnoss o rangs of regeurces, both
material and symbolic in their mathematics classrooms. Verbal communication is
a kay resource in classrooms, but it gbviously works togother with visudisation
and action {Vygotsky, 1878). The forcarounding ot lunguage hwre s both
appropriate for, and necossary to, a focused study.

3 WHY THIS AND WHY NOW?

Having set tho scene tor the study, 1 now turn to its rationale. in tho rest of this
chapter | wili discuss wity this study shoutd be dono now, why it focuses on
teachors rathor than learners, why South Africa is an approprigte and géncrative
soiting for the study and why o focus on mathematics is appropriote.  In
addressing these gquestions, | also provide a cnitical review of the hterature
portaining to my ficld ot study, | conclude the ehapter with g discussiun on the
limitatione of the study.

3.1 Why now?

Recont developmems i mathematics  educatios. with o particular fosus on
literature ard research in the field of mathemancs edueation and languagae, roveal
thoe pertinency of my work at this juncture,

3.1.1 Currant curriculum initiatives In mathematics aducation

Dinninds ot o rapdiy ghanging, incieasingly  tochnologisod world and global
ceonomy have led 1o advoeacy for aducational systoms that will produce initiativo

6



amongst teachers and learners) is contre stage, involves both appropriation® of
cultural knowledge and development and change in human ¢consciousness. With
language as a medium of communication in school, the nature and quality of
communigation in the classroom wili gignificantly shape tho developmoent of
mathematical knowledge in learners,

The underlying assumptions in this study are that {a} teachers are knowledgeabie
about their practice; (b} teachers budd thoories just as miuch as theories build
teachers {Levino, 1993); and {¢} from a perspective of o sogial theory of mind,
teachers in muitilingual sehool contexts are gonfronted by situations that might
- otherwise be taken for granted and manage their teaching and their multilingual
environments as part of the complexity of teaching and learning. There is
therefore a lot to learn fram teachers' oxperience and understandings of their
pragtices in their multilingual settings.

An underlying lenger term motive is that an increased awareness of the dynamics
of language and mathematics in school can eontribute to teacher education. What
teachers know, both consciously and tacitly, is o ¢rucial element in any INSET {in.
service education) practice. if INSET is to be offective it neads to be informed not
only by policy but by knowledge and practices on the ground, My hopo is that
this thesis will uscfully inform mathematiss teacher education in generel, and in
a demoeratising and explicitly multilingual Seuth Africa in particular.

There are two nogessary boundarigs to this study that requirg explicit mention,
Figstly, while this study is ultimaiely concorned with learncr aceess to
mathematicol knowledge, learners are only indircetly part of the study. It is
beyond the scope ot ano thesis to oxamine the dynamics of muldlinguat
glagsrooms and mathematics tearning in all its tagets. Tho focus horo on teachers'
knowledgo is one way into the issuc. This routc is appropriate because, as t shali
argue, teachers' knowledge in the ficld ropresents & gap in curront literature.



The point of this ¢laboration of my own intargsts and growth is to show so ne of
the inspiration for the study of teachers' knowledge of their practices in
multilinguat mathematics classroomns reported here, The multilinguat classioom
croorged us a site demanding further study within @ widor context where
mathematics, and its lsarning and teaching, were being reinterpreted as sveial and
cuitural processes, and wiwore toachers were rogardod os thoe reflective
practitioners and curriculum and knowledge producers that thoy are. Together
these constituted the starting points of my study, and have both shaped and been
shaped by its processes.

2 AMS, THEORETICAL ORIENTATION, ASSUMPTIONS, MOTIVES AND
BOUNDARIES

The aim of this research 18 to investigate, that is, to describe, analyse and explain,
some secondary mathematics teachers' practical and theorotical knowledgo of
those dimensions of thew practice shaped by particular multilingual school
contexts.

The specific rosearch question that quides the study is: What i3 secandary
teachera’ knowladge (both consclious and taclt) of thelr practlees in muitilingual
classrooms?

In grappling with this quastion, the study generatos 2 theoretical framework and
fanguage thoi cnablos doseription, anatysis and explanation of teachors'
knowledge. While theory gonarittion is part of the research progess, my study is
underpinned by a social theory of mind (Vygotsky, 1978; 1986). Thig theoretical
origntation s slaboroted in Chaptor 2. Very briofly, knowledge is undorstood as
situated {Lave and Weager, 1991) and socially and culturally modisted.  Language,
or moro specifically, specch, is a koy mediational means (Wertsch, 1985; 19914,
Intersubjoctivity and interporsonal communication aro the 'driving hoits' of the
development and structure of human consgiousnoess [Koezulin, in Lerman, 1996,
p. 148}, Schoaling, a spocific teaching and learming contoxt where specch (talk

4



Not surprisingly, tcachers in my courses shored my growing interest in
cemmunicating mathematics. Working from the assumption that knowledgs i
situated, made and not given, my seminars included eritical engagement with
mathematics education literature related to the communicative and cogrutive
function of talk' in mathematical meaning-makinn; tho specificity of the language
of mathematics; and studies of bitingualism and mathematies tearning.

Each year, with cach new group of studems, the ¢ st interesting session would
bhe the one which grappled with the challenge and cffects of having to
gommunicate mathematics in English when the main languago of most learners and
teachars in South Africa was not English, Each toacher had a story to tell - either
from teaching in multilingual classrooms or from his or her own learning of
mathematics. [N a socio-political contoxt where English remains the primary
laaguage of government and commoree and honce the language of power, the
teachers' storios ravealed somotimes contradictory assumptions. For oxample:
learning mathematics in Engiish is necessary, especially at a secondary levael;
lgorning mathomatics in school in 0 language that is not the teachers' nor pupis’
main language places additionat and complex demunds on teachers and learnors;
mathematics is difficult for everyune, irrespoective of spoken language sinco
problems of understanding have more to do with the mathematies itself and nat
with English as the language of instruction; language 1§ learnt through use, thus
learners need to bo made to use English in tho mathematics clae s,

Yet, despite the universality of the stories and the assertions that learning
mathematics in English whilo loarning to speak English was a significant challenge,
the dynamics of this challenge wore ciusive, cithor too omiboedded in toachors’ tacit
knowledge or loss of a probiemy than they articuliatod. This clusivencess was
reflected not only in teachors being unable to specity the chalionges, but also in
the absence of a multilingual focus iy the action-rescargh activities thoy chose to
carry out as part of their sourso requiroments,
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Thase shifts in my own practices and interests occurred within the turbulent and
contradictery macre political climato in South Africa at that timg, that is, tho five
years prior 10 the change of governmant in 1994, National ¢urriculum initiatives
doveloping in Sauth Africe reflected inteenational trends.  For exumple, there were
attempts to generato, particularly in primary mathematics, a more learner-contred
and ‘roblem:based curricutum, But national syllabus development remained within
racially segregated apartheid structures and offectively controlled by 'white"”
National Government, Draft mathcmatics syllabi for ali race and language groups
doveloped betwean 1988 and 19982 (sae, for example, DEC, 1980} were based on
res¢areh in predominantiy white, resourced classrooms where the language of
ingtruction was also the main® language of both fsarners and teachers. Yet the
majority of South African classrooms are characterised by a range of main and
additional languages that learners bring, and by a situation where learners' and

teachars' main languago is not the language of instruction. The lack of attention

to tanguage and divarsity in these draft syllabi was not only @ function of statutory
apartheid, but also reflected an underlying psychological perspective that
celebrated a solf-regulating, . . sogenised {and hence decontextualised) active and
croative learner, Moreover, teachers had no forimal representation on syliabus
committess and thus little say in syllabus development, confirming the status of
South African teachaers as implementers rather than developers of curriculum,

While | welcomed the encouragement of morg active, meaningful and loarner-
centred mathematics in school that was ¢vident in these national curriculuny
initiatives, | was trustrated by their underlying theoretical orientation that, i, 1wy
viow, limited understanding of the comploxities of toaching. | shared with many
othars a growing anger with continuing illegitimate political processes and their
oxplicit disregard for the diversity of classroom gontexts that comprise sehoolng
in South Afriva. And | was oxasporatad by a systam that continugd to devalue its
tepnchors.,



CHAPTER 1

THE PROBLEM:
WORKING IN MULTILINGUAL SECONDARY MATHEMATICS
CLASSROOMS IN SOUTH AFRICA

1 THE PROBLEM DEVELOPS

My engagement with many mathematics teachers from divesse backgrounds over
the past momentous decade in South Africa has highlighted the challenge of
wurking in multilingua!® classroems.  Yeot, while teachers talkk about this challenge,
its nature has remained elusive, bagging further study.

The precursors t¢ penetrating the conundrum of the multilingual mathematics
classroorn in a politically charged South Africa were two parallel processes in my
own teaching that reflected developmant and debate in mothematics education
internationally. 1 my seminars, | worked with mathematics teachers to develop
a critival understanding of school mathematics as a social, culturat and political
process. | wanted to challenge coneeptions of tearning and teaching that placed
success and faifure in school mathematics solely within the minds and abilities of
githar individual learners or toachors. At a mors explicit pedagogical tevel, | also
waorked in these seminars to interpret and apply notions of learnar-gentredness and
empowerment in the mathematics classroom.

Learner-centrednass and mathematics as a cuitural process togother expose the
limits of teocher-gentrod approaches to mathematical foaring and of waating
mathematical knowlodge as procedural - both of which stilt dominate mathematics
glassroom practices. A shift o lcorner-gentred approaches eontails nmore
communicative- and language rich matheniatios classrooms, As a resuit, | became
morg and more interested in language, culture and meaning in the learning of
mathematics.
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that focus on multihogud clissrooms. A sceweulturaly inforned stuidy of the
three dimensional dynamie of mathematies learmng in mualtlnguat eliassraoms thas
makes an important contnbution to the important ficld of mathematics cducotion

and Lagquages.
4 WHY TEACHERS?

Toachers and teacher educators are the gudienco to whoem most of the language
ard athematies cdaucation hteraturc 1§ addressed.  These texts wmnte i J gall for
greater awareness of language ssues by miathemates teaghers, many guing as kae
a8 to soy thot mathomaties teachers showld also be language wachers tor
oxample, Zepp, 1989; Stepbons m al, 1993). What is romorkoble is that few
appear o be cancerned directly with howe teachers thoemselves make senso of the
relutionship between mathematics teaching and language.

Pimm {1987}, for example, caretully examings tho language used by toachers in
mathematics elasses, but not how teachors understand this use. The teaghers?
voice 15 hut a whispor m the texts reviowed here”  As more and inore
slassrooms begome multingual sitos, as arguments on the boavfits of 4 neh
communieitivi classeoom cuiture multiply, and as language and oducation policy
demanstrates a shitt in regarding multiinguat clussrooms as resourceful amnd not
problematic, teachors' knowledgo of the ntorrelatediness of mathoemates feanung
andd language Boconies o portingnt ared of study und of particulor internst 10 the
mathemates teacher edueaten,. What do toachers undesstand tius relationsiup te
et How bave they como 1o this undorstanding?  And what imght bo the vrreats
of their undorstanding ¢n the practices and the mathomatieat foormng mode
pacsibie?

Every day, toachers in South Atnca {and s imany ather countines), manage their
mathematics teaching m mudtilingual setoings,  Starting with wihat they have
jearned and what they prientse makes good sonse. This s not to sugyest that |
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miathematies or alienaies thent, Toeacher 1 'generally presants information and
dovelops ideas i English and then provides o more basic and fess detailoed
translation in Spanish’, Students work quietly and independently. A group of
Spanish speaking students is separoted out and the teacher's interactions with
tham are festricted 1o counting activity i the torng of < Seiting, In guntrast, m
Teacher 2's elassroom, there i a groat deal of talk botween pupils and the
teacher, aml it is p.edominantly in Spunish.  The teacher seizes opportunitios to
‘engaga her students in mathematieal talk and thinking' and Khisty arques that
these different communication procosses give out two very difforent messages to
Hispame students, In the first ¢1oss students are boing told implicitly that they
cannat really participate in mathematica. In tho second the implisg message is just
tha opposite.

Thiz aecaunt of resoarch inte tho relationship bietwoen mathomatics ard languagn
reflects Ellerton and Clements' 11991) review of the ficld and resultant laim thiat
the field of language and mathematicol education i fragmonted, disporsed and
nfysed with diverse emphasos and assumptions. Maro portinoently, however, this
ry ‘ow suggoests that thie dynomies of teaching and learning mathematics in
mudtikngual school classroams is three dimensional, 1t 18 not simply about AGLoss
to the language af learning. Nor is it simply about access to the (English)
mathemat'<s register.  Rather, it appaars 1o bo about how these interseet with the
cultural ,nocesses that constitute school mathematies toaching and learnig.

To sum up: In motivating why this study should o done now | have argued that
rosont  curticulum  dovelopment  inittives  advogate MOrg  sammunicative
glassrooms, A great deal of influential rescarsh thit suppores more communicative
glassrooms has, howoever, taken commumigation mn ¢lassraoms for granted,
Researgh that doos problentise the vommumication of mathematic. has begun,
But it appears that only soeioculturally informed studics gonpeet culturally
embedded eommunicative parerns and funenons with aosess to tha mathematics
rofpster i ot explieit hilingud! context, Morcovere g appoar 1o bo no studios
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Two recont mathematies education studies n hiinguat settings, both located in o
soGiocultural  amoework, do address the complexity of aceess to English and to
mathematical discourse in classtotm practices. In addition to Maoschkovich
{(1996), Crawford {1990} and Khisty {1995} wre wnmong tiw few studics that
effectiv aly engage the complex interaction between bilinguatism and mathematical
learning in glassrooms. Crawfund xamines the potentiol of new cducotional
software to change the social organisation in classroome with Aborigmal students
in a positive way °‘so that language functions to inform students about
mathematical contexts'.  Using a Vygotskian framework, and thus that ‘language
1S, par excelience, the medium for the soedl gonstrucuos of both socil and
physical realities', she shows that lcarnors who spoak a different language from
the language of learning aro not simply disadvantaged by 3 lack of proficioney in
tho language of foaming., Rathor aceess to mathematies learing s how such
proficiency intersocts with aceess to tho Enghsh mathenaibeat rogistor as well as
to cultural processes in the classroom, That is, cultural procosscs play a
tundamoental role as puptls work to ageess mathematied! Enghish,

Khisty’s rescarch confirms the effeots of cultural progosses on mathematical
fearning.  Hor research focuses on teaching processes in primary (secend and titth
grudel classrooms in the USA with sizeablo numbers of Hispanic pupils and fully
bilingua! teachers, It 1o draws on soeio historical psychology and tho critical role
of social intoraction in learning, 08 well g8 on Cumming' work and the importanee
ef English devetopment beng integrated with acadoemic skill developiment (CALP}
and an Halthday, where she interprets the issue surrounding the nithematics
registor as not ying in the rogistor itself but in mathematic learners identifying
mathemaues with its inguage.

Khisty dentifios and contrasts two dittorent teagching processes, which illustrate
how tialk or sbsenge of talk cither drows second grade pupils closer to
mathematies or ahenates them, Teaeher 1 'gonerilly presents iformation and

dovolops ideas in Bnglish and thon provides @ moro basic and less detailed
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He shows bhow teachers thunselves use French, despite their own languago
difficuities, to ensure pugdls acguire i, At the sanwe time, to moeet the demiand of
imparting knowliedge, they often resort to other linguistic practiees like code
switching i order to support the concept doveiopment and culture of learmars,
He concludes by arguing that code switching 1s nut something to boe "tolorated’.
It should rather bo ofticia! policy. This is reflected i South Afnca's eurrent
multilingual education policy.

Herein ligs the rub. What doos codo-switehing mean in multihguial mathematies
eontexts whare pupils are not only learing in a languoge thot is oot thar man
languago, but within a glassroom setting wheoro pupils bring a range of mamn
languages? Despite a growing focus i inguage education on muitiinguahsny™®,
no hterature in mathematics oaueation and lunguago appears to address the morg

somplex situation of multlingual clussrooms.

Moreover, the complesstios of how mathemaveal fearmng  mo mainbRgua
glassrooms is rosoarched, and by whom, are thrown into relist by Campboll's
study of 3 grade six mathematies class i Papua Now Guinca (1988}, Camphbil
attempted to understand fram & sociolinguestic pont of view how the teachar
warks 10 develop mathematieal discourse wathy hee pumls i Enghsh. Hoe shows
how the toacher has hor pupils say 0 words that 'number senténces express
complote ideas about numboers' dnd 'Sat SeMeNGes express complete weas about
sets'. Through an analysis of the glassroom disaourse Campbolf shows how the
teacher  works  simultancously  with mathematigat  and  English  linguage
deveiopment.  To o mathemaues educator, howover, s study s trusteating, it
is hard to see whother and how pupils attach any mathematieal meating to whit
they ares saying in Enghisly, whethor what thoty 84y cannaeets i any way vwith being
able o distinguash actual mathematicad and set sentences. Thas while Campboll
resasdarehoes what toaehers naght doota deal vath both ESL learners and thonr
iUt ot o raatieniatical discouse, s seohinguasta: fecus seems o provent
dany entwsal analysiy of the mathomatical gontent m the lesson itself.
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bidmagualism and bikngual education, Boker {1993} urgues thot doecisions on
languuge chae and use {in terms of both mediom and message) involve complex
purposeful activity that is simultaneously social, pohticat and psychological (p. 18],

« [elode switching bas moro than knguistic progerties ... {thore) are
anportant social and powar aspects of switching betwoen language,
as thero aro botween switching between diatects and regusters.
tp. 77)
Code:-switghmng  wdas  a saent  featare  of  the Burunde  glassrooms
Nelaysplukanuyi's (1994) study. Here, classroom intoraction anvolved the use of
hoth Keeundh and Frengh,  This s not surpnsing given tha* Ndayipiukanye's fecus
| on £ ade § classes, whoen the switeh from Kirunde to Frengh as medium of
Latan geeurs. This sduativn 1S sunidar to the South African saontoxt whicrd,
uider aparthed education policy, the mayonty were gonfronted with a more
prostgous mnonty e Jage and a switeh over i yoar five of sehooling to that
anguage ae language of meteaction.  Ndayspfukamiye asket how teachers and
pupns meot tho communicative demands of classroom Iife.  He found that
mathiemats lessons that manly involved the eompletion of oxercises wiore carned
out mamnly w Ereénch. In eentrodt, in lessons wheore now ecneepts weore mtruauced
and a great deal of demonstration and oxplanation wera involved, ho found that
't wis in pracuce mpossdle for toachors to handie all activities involved v thout
resorting to Kirunds'.

Swatehung 10 Kieundh thus facilitates learnug and he goos on 10 argue that gode
switching is a powerful refloction of the ways the eacher and the loarners mediate
the gamrauncative demands they faeo m the impicmoentation OF the curnculum,

(Cade switehing) plays a crucid role in rogongiting two contradictory
demands in chIsSroom interacuons:  using Xirunds in demans where
French s oxpectoed, 10 ensure understanding: abihing with the afheial
paligy that regquires the teaching of French tp. 81),
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possibilitics for leamner gonfusion of the everyday ond mathematics registers on the
onge hand, and between the English and Spanish siathematical registers on the
other, 'Students learning muthematics in these two tangusges would need to sort
out not only the difterences between the two registers, but the correspondences
betwesn the math registeors iy the two lunquages as well' (p. 28). However, she
{10es on to contend thot a discontinuity model, i its fosus on the conthct betweon
recisters or languages as an obstacle in learning mathematics, fails to consider
site ational rasources and thus 'easily turns into a model of students as deficient”
(p. 30). Moschkovich argues instead tor a ‘situated' mieded which shie claboratey
through two seconGary elassroom cpisodes witere the learners' first language
{Spanish} i3 harnessed as a resource for "participating in mathematical discourse
practicos' (p. 32).

Whilo 1 agree that some of tive reseasrch cited carlier docs work trom 3 deficit
madel, | have also argued that a disgontinuity modcel is not necessanly a deficit
mnde! ar all.  instead, it s o contianty model that aught woell have dire
consgquencos for ogquity and acgess in mathematics classrooms.  Howover,
Muos-ikovich's argument thiat any account of loarning must take situational
resSourses imo wecount resonates with socio-gultural theory and the theoretgal
tewnework doveloped further in Chapter 2. 1 agree with Moschkawvich that
explanations ot mathematical learning it bilingual classrooms must extend beyond
Heeess to the language of instruethion and access to mathematical distaurse by
baing situated in mathemangal discourse prichces in classrooms.

Moschkovich's study resonates with the fevw sociolinguistic studies of code
switching ar Bsingui classroomis thiat seludo a specihe tocus un mathematies (for
example, Ndaypfukamiye, 1994). Code-switching refers to the movemant
between two imauages.  Code switching ingludes using different languages in
different domains, for exanple, Eogish in Toawmal interactiong iy e classeoomm, du?
tat anywhere alse, I dso ineludes a person asmg different linguages withn one

donart,  In his aecossible and broad aceount of rosearch aigd debate on
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settings and thus fimit our understanding of bilingual cducation and mathematics

fearning '

Dale and Cuavas (1987) provide a useful analysis of mathematical language and
suggestions for mathematies teachers in bilingual classraoms. They illustrate how
mathematics teachors gan attend o the language development of ESL learnors,
and converaely how ESL teachers can include mathematical language into their
learning support programmes. Dale and Cutvas focus on access to mathematical
discourse and tnis resenates with recent argumients that ¢hallenge popular views
on curricutum revorm favouring relevance and the everydoay as the route to more
meaningful science and mathematics learning.  Such reform, it is argued, is
premised on a ¢ontinuity model that wishes ay ray boundariss between everyday
and schoot knowledqe. It is therefore potontially disempowering and can
inadvortently prevent gecess to mathematical discourse and scicnce curricula
(Dowling, 1995; Brookas and Brookes, 198B8) by not providing exphgcit
opportunitics for distinguistyng and acquiring school mathematical discourse, This
argument ¢an bo linked with Cumming' distinction {in Baker, 1993, pp. 138-142;
in Dale and Cucvas, 19287) Letwnen basic intorpersonal eommunication skilis
{BICS) and cognitive academic lunguage proficiency (CALP). BICS are ianguage
skills used in intorporsonal refations or in informal situations whosae extra-linguistic
and linguistic context provide relatively ¢asy aceess to meaning {the everyday).
CALP is the kind of languuge proficisney roquired ta make sense of and use
acadoemic language in loss contextually rich gituations, As Cummings suggests,
BICS v refatively easy to acquire. CALP is more difficult, takes longer and
rouires exphicit toaching of the kinguaae in the academie cuntext’*,

Maschkovich {1996) arguos againgt the 'discontindity' nmoda! reflected in
Cumming' distingtion batwoeen BICS and CALP, and in the distinctivo clemoents of
& mathematies register.  From hoth these perspecuves, sho argues, learming 8
SOON A% mapping MeANings across reqister or linguago diseontinuitios,  Drawing
any tho Spanish English coitaxt of many USA clissrooms, shit argues that thare are
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bold in placing this question back inte mathematics education and cautioning us

aganst ritiid polarisation,

3.2.2 Bilingual education and mathematics learning

Zepp (1989), Durkin and Shire {1891}, Clarkson {1991} and Stephens ot al {1893)
take up the issue of bilingualism and mathematics learing, arguing that
bilingualism per se does not impede mathematical lcarning. This field of research
has drawn extensively on Cummins' research (in Baker, 1983, pp. 135-146) which
distinguished different levels and kinds of bilingualism, and showed a relationship
batween learning, levols of proficiency in both languages. and the additive or
subtractive model of bilinguai education used in a school. Bilingualism por se noed
not impede learning, as is shown by Fafunwa's {1978) interesting study of tho
succoss of Nigoria's experiment with mother tongue instrugtion through the
primary school and the simultancous development of a second language prior to
switching language of instruction. Secada's {1992} overview of research on
bilingual education and mathamatics aghievement supports this claim, The studies
raviowed by Secada suggoest a significant refationship boetween the development
of language and achicvement in mathematics. Oral profigiency in Engfish in tho
absence of mathor tongue instruction -~as nogatively related to achievemant in
mathematics (p. 644}, Hence there appear to be significant benefits to mothoer
tongue instruction,

The facus of the roscarch reported by Zepp and others is on gognition. The
studics drow primarily onh psyeholinguistic theory, and focus un goneepts,
conceptual structures and comparative porformance shudies.  'Probioms' aro
located in the learnor, reflecting a deficit model whora it is learners who need to
ghanga 1o fix tho prablom. | havoe already argued that much of what we
accomplish in sehools is framoed more by culturad and social practices than
gognitive structures. The studies by Zopp and othars are girecumscribed oy a lack
ot attention to the dynamics of bilmgualism and mathematies leaming i classroom
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Pimim examines the dynamices of classroom communication, but acknowledges tiat
he has not addressed the additional demands of multifingual clagsrooms, and the
complex social and intollectual problems arising for loarners ‘attempting to leam
mathematics through a language that is not one's mothor tongue’ (1987, p, 204).
Thus, whila his metaphor is that learning mathematics is like learning o {second}
“language, he does not address the rolated issue of lsarning i a second language.
As has been mentioned, MacGreger's {1993) study shows some particular
difficuities ESL students experience with mathematical oxpeession.  Similarly,
Cocking and Mestre (1988) and Spanos, Rhodes, Dale and Crandgli {1988) have
desecribed Spanish-speaking students’ problems in understanding mathematical
vocabulary and in translating from English to mathematical symbols. Thus, while
access to the mathematical rogister is an issue for afl learners, research suggosts
that there is a specificity to the chalienge it prosents in bi- and nwiltilingual
glassrooms.

Pimm's mast recent work shifts focus onto symbhols and meanings in school
mathematics (Pimm, 1995), Ho confronts current potarisation in mathematics
cducation where fluency as on gutcome is associated with rote loarning practices,
and contrasted with understanding, an outcome ifinked to interactive, moaning-
maoking practices. Again, he hag not drawn explicitly from multilinggual contexts,
but does refer to learning situations where through imitation and chanting, a groat
deat of suceasstul culturdl transmission oceurs. In South Africa, rote learning, and
often chanting, is part of the culture of many mathomatics clussrooms, and
particularly in situations of ovoercrowding commaon in many black township and
rural schools. There is good roason to be concerngd with the quality of learning
that transpires in such slassrooms. But we porhaps noed 1o undorstand botter tho
limits and potentials of such practices. Ihasmuch a3 the now niovement has
challonged tho limitations of roto learning, it ¢rrs in the opposite direction by not
addressing the dovelepment of fluency in mathematics, an important glemont in
mdathematical campoetence, particularly o algebra. Bimm, to his credit, has boon



3.2.1 Learning mathematics is like learning a languuge

The most extensive work on matiematics and lenguage has been done by Pimim
{1981, 1987, 1991, 1992, 1994, 1998}, In Speaking Mathematically, Pimm
{1987) expilores what can bo learned about mathematics and its teaching and
learning in schoo! if we consider mathematics as a language {in a metaphorival
sense).  Learning mathematics is thus like learning a language, and more
spogifically, like learning a seoond language. One of the useful effects of seeing
mathematics teaching as language teaching is that this brings @ shift in focus from
torm to meamng, 'from the study of a rule-governed abstract system, with an
emphasis on written forms, to one of the acquisition of communicative
competence about certain objects, situations and phenomena, with a goncomitant
oral emphasis' {p. 203). Pimm's woark refiects the shift to more gommunicative
mathomatics classroams. I informs and tdds considerably to the research on
communicating mathomatics cited abovo.

Pimm draws on a wido range of language and learning literature, including
Hatliday's sociglinguistic theory {Halliday, 1878}, Through an analysis of sciected
transcripts of clossroom talk and conversations, Pimm identifics, describes and
oxplains the complexitios and spocificity of learning 1o 'moon' mathematically
{aequire mathematical communicative competence) in school. QOne of his toci
relatas to Halliday's notion of the mathematies registor which is ‘a sot of moeanings
that is appropriato to a particular function of language, tegether with the words
aitd structures which gxproess these meanings’ {Halliday, in Pimm, 1987, p. 755,
The mathematics rogistor is thus the sot of meanings, words and structures
agppropriate to the practice of mathematics. Pimim illustrates how waords like
‘difference’, phrasos like *lot's assume that', and sets of moeanings are spedific in
the mathematios register. I learners are to agguirg mathaematical gommmicative
gompetenco, they need to team to work within the mathematics rogister and
undorstand ity spegsificity.



Australia and the attoention paid to the issue of language and diversity in the
Australian nationai curricuium document (AECCC, 1891).

I this section | have hightighted the dominance of radical constructivist theory in
the mathematics cducation community and argued that because communication
and social interaction are not the driving force in its oxplanation of learning,
resagarch from this perspective inevitably takes communication in the classroom for
granted. This is a serious and growing inadequacy, and particularly so in a
multilingual contaxt. In answer to my guestion 'Why now?', the current curriculum
initiatives and related research discusscd above suggest that the commurn: ation

of mathematics in multitngual classrooms from a socio-cultural perspective

requiras furthor study,

3.2 Language and mathamatics

Thosae unfamiliar with the field of mathematics education mught bo misled into
thinking that mathematics oducationists outside Australia have not boen concerned
with the rafationship between mathematics education and language in goneral and
with bilinguat lgarners in particular.  Not so. 'Mathematics is a language',
‘mathematics is like a fanguage’, 'moathematics in language', 'language in
mathematics', ‘mathematical language®, ‘the language of mathomatics’,
‘'mathematical discoursas', reprosent but some of the attempts by mathemaiics
gducators to cromte an oxprussion that will reflest appropriately the inter
relationship of mathematics and language. Moroeovar, singe Austin and Howson's
seminal article (1878), the complex intor-relatedness of guagy, mathematies and
mathematics education hias been the objert ot a gre 1 of boath rmpirical and
theorotical rescarch'',
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{1988) orgues that peer interaction and verbalisation in cluss facilitate
mathematical loarning; and Pirig's extensive study (Pirie & Schwarzeberger, 1988;
Piric, 1988; 1988) on the relationship between discussion and mathematica!
understanding has contributed to an understanding of learning, but is not able to
establish conciusively any necat causal link between mathematical tlk and
improved undorstanding. Both take commumication for granted (that is they do not
problematise language as a socio cultural force in the construction of knowledge)
and thus imply the homgogenised learner with no differential access to the languane
of learning. An effect of this has been the production of numerous texts for
teachers on ‘talking and learning mathematics’ {for example, Ball, 1890;
Backhouse ot al, 1982}, where multilingual classcooms and divorsity in fearners is
siloneed, or, evén worse, simply ignored.  This is surprising in the increasingly
multicultural urban context of tae United Kingdom,

Recent studias in Australia do problematise communigation of mathematics
{Stephons ¢t al, 1993). Some, while not fogused on multihngual settings, show
from a sociological perspective that poer interaction doos not function equitably
in a classrootn {Gooding and Stacey. 1993; Cooper et al, 1993)™; that tcachers
_ communicate different mossages about mathomatics tn socially ditferant groups
of learnars {Cooper at al, 1993}, Others engage directly with ESL {English second
language) students and shiow that students whose ability to communicate in the
language of learning does not mateh their ability to reuson mathematically are
disadvantagod by classroom processces that demand oral and writton (vorbal os
opposed to symbolic) communigation of mathematical ideas (MagGregor, 18930,
While an olaborated review of hilingualism and mathematics edueation follows
hetow, it is of nete horo that Australian teacher rasources do acknowiedge and
address pereoived noeds of what are termoed NESB learners {learners with nori-
Fnglish-spoaking backgrounds} (see Bickmore-Brand, 1993; Boll, 1993; Clarkson
and Thomas, 1993, all in Staphens ot al, 1998). Perhaps this refloets loss
dominance of radical gonstructivism in mathematies educativn researsh trends in
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CHAPTER 2
DEVEI OPING A LANGUAGE OF DESCRIPTION AND EXPLANATION

1 INTRODUCTION AND LGROAD THEORETICAL BRUSH

The purpuse ot tlu= chapter s to dovelop a languaage 1o descnie and explam
teachers’ knowledge of their practices in multitingual mathematics classrooms,
What is entailed is an analysis of the origing of teachers® knowladge and its effects
in day 1o day classroom practices. The lunguage doveloped Pere shapoes and s
shaped by a social theary of mund gnd drawe on the soGiocultural and
sociohistoncal’ thoory of Lov Vygotsky (1978, 1986), the social practice theory
uf Lave and Wenger {1981) und the language of dilemmas developed by Lampert
{19885) and Borlak and Berlak (1981), Togothor, these provide theoretical and
congeptual tools to examine teachers' knowledge ot mathematics teaching and
learrang in mdtikngual contoxts,

Ceontral to a sogial theory of mind is the notion that consgiousness forms in and
tirough culturally”, socially and histurically modiated actvity, and within particular
social practicos'. Within this notion, languago, and partculadly speech, 18 a key
madiabiond mean {(Vygotsky, 1978; 1986; Wortsch, 1985; 18914k Far Vygotsky,

To understang another's speeeh, it 8 not sufticiont 16 undorstand lug
words  ves hust ofso understand his thought,  But even thiat s not
Cnough - wo must glso know its motivation, (1986, p. 283)

Thusg, languags, conscious. ke and social cantoxt are inextricably knked. Hence
classroom commsicistion entalds more than proher ncy e the language of
INStrUcHON: 1t requires understanding thought, intentions and cultural processes

In adightion, spoeeh, for Vygotsky, has o commumeative and inteflectoal funetiun
{1878, p. 7). s bath tool, functionag externatly, and sign, tuenad inward o
kity fandiator m the developnient of Ingher psyeholomcal systems (p. xxavl. Wit
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1h.  Tiwg s not te supgest that teachers thembelves have unt wettens about languege and
mathematiga. A pumbot of avthors o Stephons ot ol (194931 are teachers: see olso Broto
11991) whoe waites fram a South Afrisan peispoctive.
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L

14,

B,

L use "manst language i phice of what o aften referred to gs home® logoene tr ‘mother
tongue’. Hy mam language | medn o language of greatest day o day use and tacility fa thio
speaker. | use "additonal’ language to mean kinguago spoken ut additon to tho speaker’s mam
language o languages. It thus replaces "sotond” lispeage. o dong so ) follow the praghcey
m the Applied § nglish 1 anguage Studies department ot the Uimversity of tho Watwaterstand.
In our sompiex multifingual sueety, nany people speak nors ten twn languages, whete morg
than uae mught Bes a tin language and wheto ot oot appretnate te sl one g thie werond
nguage: moretver, mother ongu % 1ok neeesSanly synotwineet with £t kituaggo

Luse "apropnation” herg m proforence to culturdl ttansinssoses G4 a5 to awad dny swgeston
that knowledge m ever seply transontted.  However, § om wary of curredt simphiste
dehintomipus and dospmate Sonong that “ransmssea teachng” foxpagiton. teilling by teacher;)
18 necossanly teacher contred and Bad practico. and any and all Jutivily by Joatacrs. o
contrast. 15 necessonly leamer-centred and good practise.  Toachng and leatmmg s o Situated
activity.  Difforent kinds of knowledgo and diverse contoxts eguire a eange of 1eachag
statemes appropnate 10 1o contoxt and the desecd knowicdan

1 use ‘compotence’ o g read sease. that g, to mchide kaewledgu, skills et values
lonanumcative competonea i thus buth knawledge and skl o Tanguare e wi contoxt

What 15 signalled here 15 debiato on the natwre of mathematical knewledge, and selection nto
the school eutncutum. Extensive discusson g boyoand the scupe of tho thesig, hut baefly,
cuiréit curficiam istictives acknowledage both uheertanty it mathemahieal xnowledije Gn
Cuntrast to itg abmelutint bnstory heat, 1991 a3 welt 45 mathematedt knowledne w a coews
eyl fas appased to & ocutedl process o etston. 1H90,

ihe Procoedings of the past years of the annual senationat eonference of the Psychology of
Mathematies Lducaten provdoe sufliient evidenee for tus ¢lam Seo, for exampte. Geestm
and Geahipm (19921

| spegsdy liguago. as tag s a eaneem of ths study  Tauatly silenced are raes. class and
gonder 1alations that MuSt IRErSEct with CIISSIoOM communicutoh

Khisty (199%) presents forouasts thut by thie year 2000, moe thine 50V of Amencans wil
bave Hispame ohgms. While this does 1ot neeessandy mean thar mae: lanegiago vall ba
Spainsh, auny e kkely 1 hve in Spamsh speakiyg corsmmmtes ang speak Spomish at home.

Cobh has moi recently Sxanuned dweese peer mteracton and qs ottests isee Cobl, 194h).

My awn research on mathomatics for adult destones leanes Some ter years ane pod pattealae
attention 19 the constiueton of readalile toxt matenat for NLEN lnamers  {Adler. 17365 1988
1989)

tatidaf arguments 0% te the Inmtatwnyg of poychobnioestic Studwes of Diliiuabs loagng
mathematies can o foungd m Mousloy and Marks {1991, Ciovton aod Clements; {1981),
Clark-on and Thomas (1993), Bishep (THR8) and Crawlard 11090).

Keasbien's seaquisiton ammg deatmetion m rekition to Janigeage earneg i Baker. 1843, p
021 1 sunibir 19 the destewtion botween tveryday WX i hioil matlicmatieal knowledge Some
haneiage 1 acured a1 aifemial Brudtiong whoro anguags o means amd not @ fecus o end
modself Faimat oo Teacoms e learmmsg *alowt” the Linguage, and bath kingds of lnaenng
ara paet at dovelaptyg both favacy and acewraey n g laguaige

See. for exaniple, the meest Sefws of bueks anider tho geaend puldniung tete of "Mouitdergal

Matters Thi Bk by Haher T30 qod Fabicguoaya (10040 and Moereor TTHER aio alt wathun
| TR TR
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data culfected. Chapters 8 8 are the heart o this thesis, Through categunes of
deseription and analytic narrative vignaottes, they describe, analyse and explain
dilemmas teachers face in thar cumplex multiimgual mathomaties classrooms. 1t
is i Clapter 8 that threo vontral dilemimas emerge as toachery tatk abou ther
practice. Each key dilemma is the focus of in-depth study in Chapters 8, 7 and 8,
The dilenvma of code-switching is claborated in Chapter 6; dilemmas of moediating
mathematical knowledae a2 the focus of Chapter 7; and ditemmas of implicit and
oxpheit prastices are tne focus of Chapter 8. In all threo ehapters, as teachors’
articulated and tacit knowledge are interrolated, an oxtondoed languago of dilcramas
LMerQes.

Marcover, what is clearly evidenced @ this study is that whilg dilommas are
oxpressed as hinary oppositions, they are nover oitherfers in the complox lfe bluod
of elassrooms. Instead, thoy are sourges of praxis, of transcendmy inhorent
tengsions an the dialecticdl teaching-loarning procoess. o shorg, toachers manage
their dilemmas. Somotimes teachoers are fully aware of tho choices thoy make,
ehowees that are at aneo persongl, practical, social and political and speaific to
mathematics teaching. At othor times, in managing the complex threo dimensional
dynamic of aecass to tho languag. of instruction (English), accoss to mathemarical
discourse ond access to classroum discourse, olemonts of their practice are
obsgured. The final chaptor discusses the implications of this study tor further
researgh and for mathematics toagher education.

NOTES

1 une ‘multdmgud ' o the apprepnatg torm o doseabn the range of mam and additional
languages that ate Broupht wite Sehool elacsegems, pattieulinly whan anes. in South Atuca by
a dwesrsity of pupals and tegchorg. Howoever, s doss not neeessanly mply any dehborato
multibnguat toachng.

o f ur Clanty of descrpton through tho thesis it beGomes negestary at vmes to tofer to aparthmd
defined raeal greupa  Here Swhite' mplien Seuth Afneans wha are histoneally L utonean.
'Hlack’ i used nonenealy to refer to Go-eallod "cotoured” South Aaeans (uxed racol, ag woll
ag b histeroally Asant ani Afneanys (oatiee Bovethy Afucamad AN black South Ataeann
were disenfrine by ieid during tw aparthod one. Throtejt the thesis § s "blsek' mods genone
s and Afriears whon § wash to agoal Suath Afrcang of African wagw,
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Rubagumya and Garcia reinforce, from the perspectives of Africa and the
Amencas, two motivations tor this study that have already been alluded to. I hig
ntroduction to a coliection of papers originally presented ot & colloguum on
touching and researching language in African classrooms, Rubagumya identifies
a neod for rescarch in multitingual classrooms that attends to how teaghers and
learners actually ‘get things done'. Garcia strikes a chord with her cliim that
gontemporary teachier cducation has doune little to enable teachors 1o make
‘informed decisions' in thoir complex multilingual classrooms.  Garcia inadvortently
ntimates that teachers have imited or no ‘intermied” understanding of the linguistic
complexides of their elassrooms, In contrast, Rubagumya imphes that, in geting
things dono, that is, through their practice, teachors have a great deal of both
conscious and tacit knowledge about their teaching in multilingual settings,  But
what do wo, the wider educatonal coramunity, know of tius knowicdge?
Speeifically, how do matheriatics toachers geot things dong in multilingual sottings?
What do they knowt Should their knowiedge bo elaborated, and if so, how and
why?

The eentrof concern of this thesis 1 thus mathematies teachers' knowiodge of the
dynomigs of toaching and learming mathematies in multilingual classrooms,
Chapter 2 builds on the nation of toaching dilemnias in order ta capture ot once,
the porsonal, the social and the political in teachers® knowledge. It argues that a
doseription of teacihing dilemmas must embrace the speeificity of mathematics and
language in schaod if it 15 to dlminato fully, toachers' knowledge of their practices
in multitngual mathematies ¢lassrooms, The notion ¢f dilemmas aselt is legated
in o thoorotical framework that understands knowledge as eonstituted in and
gonstitutive of social practive whoe aalture and Goantexe eroate cach other,

In Ghapter 3, o quatitative methodolegy that inctudoes in-dopth interviows and
classroom observation and s aeeesses teachars' artieulated and tacit knowidoe
iwhiat they sy and what thoy do is claboristed. Quiaitativie data analysis entails
ingreasing lovids of analysis,  Chaptor 4 thorefore 8 a first level of o, lysis of all
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Sccondly, access to mathematics with its symbuol system and ways of meaning is
a function of formal schooling. How this impacts in muitilingual sattings is an

important guostion.

Secada's {1992} review and analysis of research rolated to race, othnicity, social
class, language and achicvemont in mathomatics, which has already been noted,
revaals its 'marginal nature ond relative stotus in mainstream mathematics
education research’ {p. €54), Typically, such research is not found in maths
adugation journals, nor is it the product of the work of mathematics educators.
Such a state of affairs is both ungonscionable and untenable® {p. 654).

7 A SKETCH MAP OF THE THESIS

South Africa is probably unique in the dimonsions and spood of soctal and political
transition at this juncture in the mid-1990's. Howaover, tho issugs of flux and of
teaching ang fearning in increasingly multifinguat contexts are global ones. Few
societies are s¢ sealed off that thore is neither flux, natr linguistie diversity 1 thoir
scheol classrooms. The challenge posed for research and teacher cducation
elsewharg is reflacted in current language nducation literat ro:

e More attention needs to bo given to the ways in which tesche s
and leamners getually get things donce with two or moro 1ar 1ages in
day (o day glassroom prastices.

{Rubagumya, 1984, p. 1

The greatest fadure of contemporary education s boeon procisely ats
inahility to holp toachers undoerstand the othne inguistic comploxay of
childran, classronms, spe .« con. . aaities, and saGiety, m sueh O way a8
to anable them to make inh s - 1 deeisions about language and gultvre in
the efassrooim,

(Garaig, in Baker, 1993, p. wi)
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mate likely to be a result of her specifie pre- and in-sorvice training, rather than her
interaction with the ESL teacher in tne school. Implications of the study included
the importance of ohgoing protessional devetopment spegifically in reiation to ESL
learnors in the mainstream (pp. 11-12),

Thirdly, in o situation of chaage, tokon-for-granted assumptions aro often
fundamentally challenged. Since 1990, teachers in South Africa have been coping
with changes in & democratising and deracialising society. In their schools and
glassrooms, they are coping with mterproting multilingualism as pobicy and with
new ideas about quality mathematical learning.  Tius fertile ground of & socwety in
trangition makes s @ constructive link batweon curriculum reform in other parts
of the world and the scarch for a democratic educational dispensution it Seuth
Africa.

6 WHY MATHEMATICS?

Quite obviously, 'anguage is fundamental to thinking and leaening in general, and
hence the area of study hero is of volue not only to mathematies. it is importom
to investigate how the fearming of all school subjects is framed by multlinguat
sottings, Thorp ara, however, two reasons for a speeific rospongibility in doing
this study in mathematies.

Firstly, ac tins juncture in South Africon history, educobonal aecess is of
paramount snportance. 1t w well kngwn that suseess rates in mathematics in
Sauth Africa are alarmungly poeor, and that mathomatics is the school subject par
excollenco that functions here and elsowhore o kilter out the vast majonty of
learners (Adler, 19910; 1991h; 1993b).  There are o growing numbar of studies
that take the produstion and explanation of difference in mathomatiss aducationgd
practice as their focus (Walkerdiniy, 1988; 1889; Dowling, 1983; Brown, 1893;
Ensor, 1893). But while they have dealt with ¢lass, rage and gonder issues, thoy
have not axpleitly examined any of tho affacts ot multilingual classrooims,
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Current teacher preparation courses do little 1o prepure teachors for ther task ot
teaching subjects like mathematics in English to loarnors who are net English-
speaking (NEPI, 1993, 181; Hofmoeyr ot ui, 1995, p.10} If mathematics teachers
in Sauth Aftca necd to regard thomselves as language teachers, we must aske
what speeific languago:-retatad teacher education should mathemiatics teachers
have? The answaor to this question lies in unravelling the dynamics of the learning
and teaching of mathematics in multilingual classcooms,

Rolevant to this is tho fact that South Africa sutfers a profound shortage of
appropeiately qualified mathematics teachers (Amott and Bot, 1993; But, 1994;
Schindler, 1995; The Star, 19 Mareh 19986, p. 2). Thore s likely to be senous
pressure for short and long torm strategies for tho provision of the mathematics
teacihung gorps, f multiingualism iy to be a foature of teaching (08 opposed to a
characteristic of learners), thun teachaor preparation and develapmont witl need to
build 1anguage related courses into thair curricula,  THig is particuiarly important
m tho light of a study of teaghers® viows on language of loarning (Bot, 1993)
which reveals that teachors hald quite contradictory positions. For example, they
want learnars to use whatever langaage they can to undorstand their studies, but
thoy must answor tests only in English.  Those seomingly epposing viows
{understanding vs. dovelopin English) are refineted in the toachers in this study.
This study could thus uscfully inform the formulation of toacheor preparation and
developmont ¢ourses,

The vaie of spesitie kaguagn related cowrses in pre- and in service teacher
cducation is reinforeed by recont rescaech iy Australia, whore BSL and NESB
progrommaes have been in schools for some ting, often with specific staff
employed for this role, A survey of provisiany for teaching mathomates and
sciance 1o NESB sccondary studonts in selogted Dirccie 2 ot Sehaol Edugation
{DSB) schools was undertithin by Larkin ot al {1993}, The survoy rovealed that
a supject teachor's ability to deal with @ range of NESB studonts in ot ¢lass is
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in Navember 1995 by the notional Department of Bducation, Towards a Language
Policy in Education, is based on the principles of multilinguatism and the promotion
of all cleven offigial languagos (Mokgalane and Vally, 1996, p. 4}, Such policy
resonates with recont research on bilingualism and bilingual education (NEP,
1993; Baker, 1993, pp. 247-254; Heugh, 1985). Modaels of bilingual education
which are built on conhceptions of bilingualism as a resource in the classroom arg
now argued to be both personaily and sacially more effective than those that treat
bilingualism as a problem and werk from assumptions of doficits in lgarners {Baker,
1993, pp. 94-108).

One gos o' * ¢ nroposed language poticy in $e-.th Africa is to onsure that all
learners from all language communitics have oguitable qecess to edueation
{(Mokgatane and Vally, 1996). But there is a long and arduous road from paolicy to
implomantation and an enormous challenge in bridging intent and practice in a
coemplex social and political world, This study takes one of many varied and
possible routes into researching multilingual mathematics classrooms and thus
hopes to contributo to the challenges we faco. 1t shares the understanding in all
reoont teachor oducation policy documients hore that teachers are 'key' in any
implemantation of oducation change in schools {NEPI. 1893, p.238; ANC, 19944,
p. 67; Dok, 1995a, p. 899; Bengu, 1986).

Secondly, new languagoe education policy encourages muitilfingual teaching practice
(seo also ANC, 19940, p. 82; NEPI, 1993, p. 1891, That tho uso of more than one
language in clossrooms will bo taken seriously in o now dispensation is reflected
in new policy for toacher ¢ducation {soc COTEP, 15886, pp. 63-G4). All teachors
need to beeame aware of languago issues, or actually became language teachors,
Multitingual teaching policy reflects a commitment to demoeracy.  In addition, a
flexible and dovaelopmontal kinguage policy in the cardy years of sshooling is ¢loarly
crucial for young children. 1t is likely, howaover, that with its global, commeragial
and political currancy, English will remiain tha language of instruction in many, if

nat mast, secondary schools,
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many discontinuitios, inconsistengies and contradictions, she argues,  Drawing
further on Secada's argument that work on teaching "neads to include teacher
betiefs, knowledge and behaviours as a function of the sorts of studonts who are
in their classrooms’ (1991, pp. 46-7], she proposes "bekiets as situated  dialecticol
constructions, products of activity, context and culture’ {1892, p. 280). Hence
the value or inquiry inte the complexitios of tcachers’ knowledge of the dypamics
of mathematics teaching and learning in multilingual contexts,

The South African curricutum context is further impetus for focusing on teachers'
knowtedge. Curriculum practwes in South Africa cast teachoers as mare
implementers of the conceptualisations of others {Adler, 189140; 1992h; 1994),
Curricuium practices in South Africa will thus benefit if thoy are informod by
teachers' knowicdge of their practices.

In this section | have argued that teachers' knowledgo of the dynamics betwesn
mathematics and language has not been studied, and that because toacher
knawicdgo is situated and omoerges in the context, cuituro and activity of
classroom life, it is a cruc:al dimension of a socioculturally informed account of tho
dynamies of teaching and Icarning mathematies in multilingual school claserooms,
Henco the fosus of my roseargls.

6 WHY SQUTH AFHICA?

There are three contral roasons why South Africa was ann approphiate context at
the time the resoarch was undortaken, tho first half of the 1990's.

Firstly, Sowth Africa is a multihngual society, This tundamaental eharacterisue of
our socioty is recognised in the now constitution adapted by parharnent (8 May
1996). Thore are now eloven ofticial languagos, and policy statements at hoth
soci and individual Jevels take muits and bitinguahsny ag o resourte rather than

simply as a sght, and certamly not as a problem, A disgussion doguament ssoed
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education research in Grouws roviews research on the impact of mathematics
toachers' knowisdge on pupils’ learning. In their griticul analysis, Fennomss and
Franke {1892) review studics that range from those focused on teachers’ content
knowledge as a contained and static entity, to those that understand knowledge
as situated. The challenge for researeh on teachors' knowledge and its impact,
thay argue, is to develop rescarch methodologies that provide insight into how
teachors' knowiledgoe is formed and transformed in action in particular contexts.

These reviews of mathematics tcacher cducation research reflect a growing
understanding of teaching as compiex and deeply contextualised, and that
researching teaching meaans taking this complexity inte account. Thus, while it is
possible analytically to separate aspects or olamonts of the teaching-learning
relationship, in practice, beliets, for examgpla, never aperate outside of the context
and logic of practicu.

Teacher education research typically seeks to contribute to enabling and enhanging
mathematics teacher edugation, in order, obwiously, 1o mpact on the quality of
tearning opportunitios for pupils. My rasearch is similrly motived, but it takes a
differont route to the studies reviewed in Grouws, My coneorn is not to reiato
teacher bolicfs andfor knowladge to impact nn tearing or pupit performangao,
Working fron. the understanding that teaching as o practico is deeply toxtured, my
goncern 1§ rather to learn trom mathomatics teachers' practices, belicfs and
knowledge in action ang in context, and o raloto theso to a particular held in ordor
to further inform that ficid,

The valuc of resoarching teachers' knowledgoe in order to learn from ot is supportod
by Lampert's (1988) illuminanon of how difterently pe-ncey mathematies teachors
and resoorehers viewod, asted on and talked af-yut the same cducationai rosaarch
problems,  Indocd, Hovles [1992), like Thompson, questions rescarch that
assumaes a continuily betwaen teacher bebeds (say about mathenyitical knowladye
and their practices (seo, for axamplo, Lorman, 1983; Ermost, 1989). Thare are
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see no horizons to practical knowledge (Richardson, 1994}, nor thirt | GonHate
espoused theories with theories in use (Argyris and Schin, 19743, nor that | woutd
hold to notions that teachers have somie generalised decontextualised bolick
system (Hovles, 1992, Argyris and Schin, 1974}, As Lovine {1993) argues:
‘teachers build theories just as much as theones build teachers' {p. 208}
Waorthwhiie activitios in mathematics teacher education are thus thosoe that enable
teachers to intograte theoretical, practical and research knowledge and situate this
in the contexis of cheir work (Adler, 1892a; 1892¢; 19830) and as wall as
rasecarch-like agtivitics that enable teachers 6 initiote and respond to change in
their classrooms {Crawford and Adler. 1896),

The gonsiderable sange of mathematics teacher education resourch is usefully
surveyed in Grouws {1992). Throo chapters reveal the extent and diversity of
regoargh concernad with impreving mathematics teacher cducation.  Studics
interested in enhaneing understanding of the relationship botween mathegmalics
teaching practices and their offects roflect growing awarencss of the complexitios
in such a fiold {Koehler and Grouws, 19982). Research here includes large-scale
product-procoss studios, and smail-scale, moro focusaed, expert-novice studies,
Grouws discusses how tho positivist assumptions that undorlic mush of this
roscarch aro challenged by recent research informod by constructivist
porspectives, cagnitively guided instruction and sociological and epistemologicat
perspoctives,

Thompson {1992) roviewad resoarch that examined tho relationship betweun
mathematies teachors® beliefs and their practices, She challenges lwo underying
assumptions in these studies:  that beliet systems are 'static entties 1o by
ungovered' and that ‘the relationship Dotwoen beliefs and practieo iz a simpie
lingar causal one’ {p. 138l  Hoer research suggosts that there is, instoa, o
dynomic avd dinleetical relationship  betwoeen  bolicds and  practce. She
nevorthelegs  remaing silent, togoether with tho studies reviewed, on the role of
gontext . shaping both belicls and practicos.  Tho third ehapter on teachor
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While ther dilenma lamguage of schouding s an otort to proesent die thought and
astion ot teachory as an ongeing dyiamie of bohaviour and consgiousoess witha:
particular instivitional contexts ot ool tor the young, they renand us that
HHCNMHAS Gre nog o that may be physweally ucated ma pesson's head or m
oty Bathor they are hnguistic constructions thiat, hke fenses, may be used to
touus upon the cantinuous procoss of pesons acting in the soeial world® ip. 1113,

Persons' activities canunot be understaod apact from thair ographines
and the historics of tho groups with whom they dentify, wiueh bhye
JR IR the conscrousness; or apart from the tme and placo i wineh
they aet {4 parteilar school, ool educanon atthonty, ation or state
a4t A particular Junctoure af human Jugtory} {p. 111).

Thws na mattr how effective a dosergten mughit be, it con never fully Gapture the
tengies of fechngs, pan and joy, angees and frastratons, that ane part of ansy

school's daty hie (p. 164)

The Berlaks® praject s about change s schoolng. They ask: vl teachers shuhge
ther patterns sk inoy aro more aware of trade otf m and betweoen dbdsmmas? T
15 an mpartant quostion ind o parbcukie relovance in teansshonal Smuh Afnea,
Whitt 18 suggested by ditennia nguage is that vath u language that asssts
teachors 1 undorstand, talk about and act i fefation to e tossony m thoe
teactung, they maght be botter postioned tor delburatve and transtormiatory
agtion.

3.4 Dilammas in South African multilingual mathematies ¢lassrooms

Ther stk by the Boedohs and Lasnpert ind thear arguinents tor dilertaniags m
teaching wero developed m gontexts vary ditberent i e and o i
it il clastraors n South Ataca w the 108085, Creailly, both studies wisre
13 gty Classstirnt vath g far arsteantormid apsivoaeh to teschmg oasd earosg

than vl practiee hiero, Mareswer, m pisanary Sehoobs, weaeher bty and
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dynanis; torni and need to be managed. Ddemma management andad resolution

will be important to explore in thes study.

1215 not possible in this chapter to present the richness of the Berlaks' study. The
sclected sketch does, hrawever, iltustrate the potential povwer of thew tlemma
larguage tor *ordenng the {lux of classroom hte, and placing the mondane events
of dady school ife i the p spectives of culture and time® (p. 37). Thus, just a8
Lampert's descnption 18 ¢ou pelling and resenates with my own expenoenci, so the
Berlaks' linguage could facilitote talking about mutually constitutive macro and
1hero, sociat and personal, issues m teochmig,

There 1s & saynig about suaology, however, thot at tells as all we need to know
iy words wo don't understand,  That teaclung antails alemmas s so obvious o
is, tter all, a social prustice. Does o languaie of ddemnias, and speedically the
sixteen ditbmmas constructed by the Berlaks, offer o powerful desctntive and
explandtory tool for miy Study? Who wall beaett? Wil be wy words that dun't
connect with teachiers' ponts of vicwy, thus confirming Lampert's eritque of
theones of teachig? | will argue with the Berlaks that, as with any lunguage. the
fanguoge of diletmas  brngs mto fecus quabties of expencnee lndden by vur
farmhar Kicpuages,  Theones thus semve pairposes, bat, in Bourdiow's (189¢) rom,
thi-anes ean niver He the practival. Th re are ditterent lepes of praciee we play.
Daterrnnd Jangiiago o5 o o0l oy Study that brngs inte tocus the tasen tor

spranteds oy teaciung naithemates i pndtdiged clesrooms,

3.3  Lome limitations

Whidte ver 1 pronvvieer oot Lanseiasges, thiete ane g ook, Ay Berkak aiid Berlak ot
Uty JOST ate lBEUREICe 5t thermmate, sood Gan destort and fragment secal aetvty.
Luptuaies $dteonses i Leparate s cansensniess from abservable bBeliviour and
st sosite X, kit diftseolt o tath aid tank aboat cahonlitsg e g comml

Pt SRl COBeXT il ComeIonsenn e pealdps” i the e b nunneii.
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From their einpirical base the Beraks reveal that patterns of teashurs' actions may
be viawed through anc, soveral, or af! of the dilenimas sisuttaneously {136},
Teaching acts ean b viewod as simultencous resolution to nedoplo dilemmas {p.
168). Certainly, Lampert's dilenwnia gan be viewd through both contral {(freedom
vs order) and sociotal {gendar} dilemmis. In the Borlaks' dilemima languagoe these
worlld be whole ehild vs. ehild as student i.¢. concern with freedom for the boys
ta he themselves, vs. arder sg that all cowld tearn, and equed vs. difhrontial

alfocation af resources i.8. how to manage gender diversity.

The Berlaks distinguish dominant, oxeeptional and transfonnatsonal pattorns of
dilernma resolution. Through dominant or exceptional pattemns ef resolution to ong
or moro dilemmas, thoy waorg able to represent within and acrnss teachor
similanties and ditferonces and use thoir sixtoen dilemmas 1o desenbe the
vangtions, regularities and apparent contradicticns they abserved in classroems,
Exceptional or dominant patterns of resolution are not oxhaustivo of possithlitios.
There are aiso solutions or resolutions whiere the pulls of opposite alternatives are
jomed, ‘when gontending prosses of the culture ot loast tor the moment are
synthesised and thus overcome® {p. 1331, These are transtormative solutions
wingh i practice are uate rar,

As is explaned in Ghapter 3, my study 2 not a fuil ethnagraphy  Rather, it works
with snapsnote of teachuig. 1 am nevertheloss concerned o understand
simafaraes and ditferences e teuchors’ accounts of hore prasticoes,. Bidlemma

Raijsafe BevoiRes o medte, tor dong thas,

hy eonteast 1o Lampert's argument (it afteenve practical aeti iy elassronm g
abiaut the managenent of ensw, the Betlahny! emplivsas and ofetation @ on
Fnelutian, € avarcaning Comeadiehions, u eompeting altcratives, Bue aurely this
W ret Ot etheriorn? Both e correet. Thore nidst b mstances whors tensiong ¢ean

b freaalveid, pust avs thede Gee many teisions, i feaetnna that ait vver piesent s
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Taachers behaved in complex and often sontridictory  ways, and  their
undurstondings of their actions and teaching exbubited similar sonplexities omd
eontradictions, Possibile desoriptiony and cxeplanationt did st b withi 1 teachers,
nor thar classroams, nor the wider cuntext, but rather in ther inter-relations, T)
language of dilensnas beeame a means for capturing the complex rolationship
hotweon the context of sehooling and the tilcmmos of toaching.

3.2 The dilemmas

i thoir study of primary schooling the Berlaks developed three distingt sets of
dilemmas « gixtoon in all - that facilitated a doscription and oxplanition of what
they observad i and across schools and teachors studied {pp. 135 175).

Gontrol dilenmas capturo toasions over tho lacus and oxtent of controel over
students.  Four control chienungs are desenbed as: whole ehitld vs. ehuld as
studant, teataer vs. child gontrol - tune, teaeher vs. cihild control - oporations, angd
toacher vs. child control - standards,

Ewetht curricoham dileenmas capture gontrachtions m how reachers, "through ther
sehoolng auts transnut knowledgo and ways of knoveng and leanmng' {(p. 144}
and aro desenbed as: personid vs. pubiie knowliedge, knowiedgo as content vs,
knowlodge as prociesy, knowledge as givan s, knowlsdfie as problomatseul,
learmng is hulst ve. leaning 6 moleculor, INMnsic v, nXIFNGSe mativotant, cach
ehuid unigque vs, ehidren have shared charaetensues  learnmig 18 mdwvirduad vs.

laaemisg 18 sooal and chuld as porson ve, chald as chieat,

Svciotol difemmas capturd contradwhions reliited to pguaty aod souial rotations and
ure doesenbed as ehiddhood contivaens vs. clntdhood umigue, equat vs. difterential
ullegitiem o resourees, Caial pisteo utider the aw va, (Wb hoe appheation of rales,

crabn Gultura vs, b SO GUIBCI0RELYE,
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Eoch ddemma captures nut only the dialectic hetweat altermative
views, vohues, beliefs m persons in society, but at.0 the dialestic of
subject {the acting ") and object (the sociedy and colture that ore m
us and upen us) ... both the forees which shape weachers' actiony
{those forees that press wwiards particular resolutions to @
dilemmal... and the capaeity of teashers not only to select from
alternatives, but to eroute aiternative:, (p. 125),

The Berlaks' project is to understand possibihties for changes i schools and
teaching. Theoy share Lampert's concern to recognise and acknovleidige the
somolexity and wasdom in teacheng and told that teachors are abie both 1o mguire
mtu thaw practices and to change them, Ther propect s, turther, e develop o
language that acsounts for teachers' actions and  that can be used o unre nto,
and change teachung.

Berluk and Berlak develop a dialecticit aseount of teachers® achon that challenges
i subjest-objeet dichotomy,  They distinguish betweon hatntual and retlgstive
detety me teachers fand humans m generall, Throuah reffective activity, tedehers
do a0t simply adapt to a given workd but shaog and change that world,  Language,
and other commumcative gostures, are some of the most erucial meuns humans
have for self conseiousness: that s, to viivy themselves througgh others, thongh
nether unetiteally ror anghiangmgly,  Languager of Gomeumeatian eoables porsons
tu shape the condions of thar own adaptations.

Wihere Lamport wee ks agant o thoory practice thiehatonmy, the Borlaks vaait to
addeess  the saGiolegcal  structaee agency  dichstomy, 2wl enee move 10
mieorparate caheal Marsest sheory, Thiy develapy then dib g lannudge through
datt it study af o sedection of pantery schookomn the Unted Eangdom n
the: katee 19708, and poartcabuily those pomary Sehools that tv Bed the Engiish
intormakanen clpssroomn at that tme, A they strugigled te orgiougs thes
obseryitidr, ot becamie clearet and eclesrer thind, Both satiun ad aeeons pordsealar
teachers wind Sehooli, et veere no danple dichiotonous vedays of capturmig thae

tevictungg Uiy bboteed ot Bovy teaehers thiansdves anderstiend then vark.
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i not accidontast nor idwsyneratic that s uar toachmg i the cacly 1880s, issues
uf control, equity and creative elagsroom organisation were part of hor personal
goals. They were deeply enmeshed in aducational debates in the USA at the time.
Minaging dilemmas is as much a funetion of the wider sociol contuxt of the
toucher's work o8 it 8 of har ar us pere " N sgraphy.

What begins to emergo hore is the contested terrain of knowledge about toaching.
There 18 gontestation nat only an what counts oy knowlodgo about teaelung, but
also on who constructs knowledge about teaching and how, and cruckilly who
bunefits. Thus raises mothndological quoestions that are taken up as *hoe next
chapter. Fur Lampert, generalscd theories about teaching, while impartant, aro
not entirely helpful to teachers, Thay do not speak to thoe dogic ot precbce as do
detailed deseriptions from the teacher's point of view, Her detailed dese iptiens
of two instangas of ddemmas are eosy 1o idontify with as & teacher and thus
confmt her argument.  But her futus on the personal and praeticat hivets hor and
hor readers from seeing how her management is s mush a functon of who she
i a8 where she 18 - i hor sehool and seciety. The question emorges 9s to
whether 0 more gonerahsed but focused language of dilenunas might enable
deser; vion and explanation of the complexities of teaching g any context that 8
at onco theoretical and moearingful for practitionoers,

3 DILEMMAS IN TEACHING: A DIALECTIC ACCOUNT OF TEACHERS'
ACTIONS

3.1 The Individual and the social

Jotak and Berfak (1981 nike an expliat attempt to devidap o anguatie of
icanmias that capturcs *gontraa tions that are simultanegusty 1 CONSCIISNESS
anaom society' (g 1241 A lainguage of dilernmas, thoy argue, can snmultinesusly
topresont gentradictions that resido v the aitihon, ain the mdasaual wid ny the
barger Sogioty, as thoy are played out i the torm o institutonad e, and

pachicuiarly hehaating:
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additional forms of assessment, making expheit susessment practices and thoir
eftects ithough this was ethically and practicaily ditbicult because it rixguirned bomg
open about the studeits' own performance), and working carchully in other ways

on histuricat cacual inequetios,

2.2 The parsonal and t..e practical In teaching situations

Lampert's project 18 to argue for the 'practicai work involved @ managing
ditemmas’, from the teacher's point of view. in this way, she argues, we will
understand how teachers manage ther complex professionat activity,  She
gntiasos Berlok and Berluk {1981), whose ditemma fanguage tocuses on
possitnltics und constramts i change i teactung, tue not paying sufhacaent
attention to the pracucal in dilemmas of teaching and demaonstrates her
gomnutment to togate teaching in the arena of wise profossional pragtice. Her
position develops out of Schwab's language of the practcal i rekition to
kRnowledge about teaching (Schwab, 1978): the theory-practse cichutormy s
gissolved in the practical. Etfeative toachor action 18 noither ad hec nor
theoretically doven. 1tis practical = mn the teaehmg situation, 1118 Qlse personal

ted 1o iography, Knowiedge about wachng 1s thus not adequatoly portrayed i
theorefical accounts that are divoreed from the proctical knowledae of wooehers
from thew pont of vitw,  Sucl sccounts anly exacerbate the thoory pachce

dizhotomy,

Lampert's weount of teacher knowledge and action s thus bothy Sitationad and
persuial, Howiwver, i her focus on the personal e tho practiead, she dogs net
pay subfgciont attention to the socdd, pokncat anegd caltural streetuning and
eonstramts i Ssuakony vatlon wiveh teachers work,  Wihila she does pose
questions for turthor rescareh m relaten 10 stratoines teahers adopt o the fuce
of ddemmag, and morelaton 1o the resourees teavhen have e deabig vath
e, through her focus on persenal atervention and capang suatoges shye

oy et take sathesnt qecount of the contestaad dmensons of any ddenems. it
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teachwer's practice, how the managenuent of the dilemmas they fuced wis a
tunetion of their porsonal biograplies and their identines a5 teachurs. A difterent
teacher, for example, night not be concoinmed, as was Lampert, with gendor equity
and wath levels ot glassroom ontrol that enabled both freedom und ordur, Such
a teacher would probiably aot expenence the situation o the same way, and thus
not face a dilemma’.

Lampert describes 3 pedagogival dilommie as an ‘argument with eneself' that
ultimately nmvolves 'porsonal eoping strategies’.

My capacity to bang disparato aspects of myselt togethyr in abe
person that | am in the classroom is one ot thoe tools that T used toe
construct an approach to manage my dilemma (1985, n. 184,

Lamport's argument for the management and use of conflfict as opposed 10
attempting in rasolve confict in the Hiice of competng alternative - dilenimas s
compeling, Working as she does with both her own ad another tescher's
praence n seheol, she ofters a seneus msidorfoutsider engagemont with some of
thet very fei Gompicties Of teaclg wed learnig and thie practical work invaleed.

Undrestanding teasher dedision making as monagmng dilemmas resonates with my
oW  OXPENCACYS N Waching in seheals and the umversity. 1 can recidl, paricatardy
H My Pre servieg pranary mathomaties touchor education courses, the dilemmas
faced and managed in relation, tor oxampie, ta my assessment peacthices and my
concern with racad oquity.  Black Studemts swere o nunanty in the Krge class, with
i very different school hustory from the nugjonty of white students., | telt the
negessity for assessment practices thot demonstrated explicitly what was reguired
for sussess in tho msntunbon of teached sdutation, so enabding Mack stadents to
reeoiinse cleatly swhat was fogquatied, and the siltameout avedfenoss that o
b of suGh assessmient practees ranforeed raeially  dotomed  apartiuad
tateunies e that they poveledged the hiod ot cultural copital nuny white studints

Liad auquered i thew schouhngy years, Managing thoe teasion invatved seehang
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that teaching mvalves managing this tension. Thore o no one ‘right’ solution to
this tension in this context of practice, whatgver onalysis or theorising might
suggest. If she stays near the boys, thus satisfying her pedogogicsl need to have
sufficiont contrel in the classroom tor teachmeg and leanuisg to ooceur, she vwdl
betray her desire not only tor gender cguity but for encouragung girls i seld ke
mathematies.  If she moves away from tho boys to sausfy the importsnce of
aquity in padagogical pragtice, she witl underming clussroom order which sho
bolieves is a preroguisito for teaching and lsaromg. Thus it 18 not a matter of
mitking a right ehoige. Resolution does not ke in one control) or the other fequityl.
Rather, what & entailed 18 hindingseonstructing strategies that do not ignore but
address the tonsion by dmsnishing conflict, Lamipuert managed her tension {with
fortuitous assistance - two boys being absent) by carefully recrganising the pupils'
sonting.

Lampert strongthens her euse for managing dienunas by desentang the dilemima
faced by another primary inathematics teacher, Two pupils produced two different
but meaningful responsos to a preblem, one of which matched the respense in the
text book. The pupils wanted the teagher to suy wineh was correit, She did not
want to undernmune the pupits' gonfidence in the text book, nor ¢hd sho want to
nuslead them into thinking there was only one moaningful and eorreet responsoe,
Tho diemima tor the teacher was that the tegt book was ber toul, but wt provading
anly ong gnswor and ong mathoad, it had limitations in relation to her other
mathematical goals, This teachor managed her dilemma by working with the

pupils on why Both responsss were gofreet

The nation of teachung as managing difemmas eang countor 10 many images of
teachers, for oxamiple, 48 cognibive ndommationt processors, as techneians

ArYING out researchers' Rnowledan of what producos loarnmg], or as moenibors of
Gppnsing camips making ghoiees among dichotomous alternatives”,  AlE these
ey portray the conthet i teaching as resoelvable through chioosmg one or tho

ther campohigg alternative, Lamipert diustrates i b o and thne oty

40



faced dilemmas in their teaching in multilingual classrooms.  Dilemmias also
became an illuminating way i which to organise, that is describe and explain, my
observations. It was thus from the empirical work in the study itself that | turned
my attention to unde-standing and developing dilemniit theory, and i languaga
with which to describe and explain mathematics teachors' knowledge of their
practice in a range of multilingual mathematics ctassrooms in South Africu,

The Beriaks {1981]) and Lampert {1988} aim to describa and explain taaching acts
in such a way that not only the complexity of teaching is captured, but aiso the
dehberative and multifaceted way in which teachors think ond act. In deing this,
they both work with a language of ditemmas, though from different poerspoctives.
Lampert's is teacher researeh, and action rescarch, insider/outsider accounts” of
tho comploxities of teaching through detailed illustrative examples from practic..
It is based in a theory of the practicul. The Berluks' is & mugh more gxtensive
ethnographic study grappling with an individual-socioty dialectic and develeps o
mgre claborate language. Both provide analytic tools for my study: just as both
found in dilemma language a way to analyse toaching, so has it been 3 koy
analytic tool in this study. | thus begin with g dotailed account of how their
understanding of teaching and knowledge about teaching can be joined offectively
for tho purposes of my study in social practico and socioeultural theary,

2 DILEMMAS IN TEACH'NG: A PRACTICAL ACCOUNT OF TEACHERS'
ACTIONS

2.1 Managing dilammas In a toaching situatlon

Lanipert (19858} argues that 'frony the teaener's poaint of view, trying to solve many
commen podagogical prablems leads to practieal dilmmas'. Weorking from an
axamplo from her own primary mathematios classroom, sho doscrnbos tacing the
pedagogical need to position herselt near tha rather ditficult bays in the eliss so
af to keep thems under hee oye (0 conteol probleny but m 8o aiingg tinds hoeesalf

drstansid as toasher frons the guls o the clags G equity prabiom). S argues
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of this study, | then asked: how du teachers understand their practices in this

complex multidimoensional dynamic?

While 1t is analytically possible to separate clements of the practice of teaching
and learning in multilingual mathematics classreom {as in the thieo dimensions
doscribed above} thoy are deeply intertwined and enmeshed in the lived practico
of teaching., Any practice is deeply contextual and hence complex and often
contradictory. 1t is a function of both actors - their beliefs, values, desires and
capabilitics - and the social, historical and cultural possibilitios and constraints in
their context of action. In Bourdiau's {1980} terms, action in lived practice 1s a
function of the 'logic of practice’.

Within the rich textures of tho practice of teaching, a useful way of deseribing and
analysing its complexity is through g language of dilermmas - a framowark that has
developed in the context of this shidy. As a qualitative and groundoed study, and
as is claborated in the noext chaptos, thera is a diatectic botween the ampirical data
of the study and the sociocultural thnoretical lons that i3 brought to bear on its
interprotation, They shape cach other in a dynamic way in the process of the
study.

The notien of tcaching dilommas forms ¢ part oi existing literature on teaching
{e.g. Borlak and Borlak, 1981; Lampert, 1985}, Fur the Berlaks, a language of
dilernmas saptures:

contradictions thit are simultancously in consciousnoss and socioty
-, {ditommas) copture noat enly the digloctic hotwean altornative
views, valuos boliefs in persons and m society, but algo in the
dialegtic o supect (the aeung b and object (the secitty and culture
that are in us and upon us), tbp. 124 1256}

‘Bilemmas® were not part of my origmal focus or thinking.  Howaever, as | analysed
they inticd inteeviows with the teachars in tho study, it becamao apparem that thoey
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this suggests is that specch in school must impact on mathematical fearning, and
in particular ways in multilingual settings.

Similarly, in working with teachers® knowledge (that is, what they have gome to
know about taaching} it is not enough to work anly with what thiey sity. We need
to understand their meanings and intentions, as well as what they do - theie
actions in context. There is thus a need to reveal and examing bot - their toet and
their articulated knowledge {Polanyi, 1967). in Polanyi's ormg, we know moro
than that which we can self-consciously articutate . Knowiedgoe is bath embodiod
and discursive.

Within a sogial theory of mind, teachers' knowledge is undorstood as sosially
madiated. What they are abte to say or solf consgiousty articulote {acseunt and
reflect on) and what they do itheir actions) furnt and are formed by their activitios
and practices which are social {focated in institutions of sogioty), cultural {located
in language, symbols ond ideas) and have a history, This moans that tcachars in
and from difforent contoxts and settings are likely to hoave difforent secounts vnd
act in difforent ways. Simultancously, sinco they share the practice of teaching
secondary mathematies, thoir agcounts and actions are fikely to  gontain
commonalitios.

My raviaw of pertinent literature in the field of ‘mathematics education and
longuage’ reflected tho complexity of the ficld and led 1o the argument {Chapter
1. p. 22) that teaching and learning mathemtics in multitingual school ¢lssrooms
Gan bo understood as dynamic and at least three-dimensional. The teacihing and
fearning ¢ mathematics in multitingual GlSSTGOMS is nat sungly ithous AGEess to
the language of learning.,  Nor s it simply about aguess to the {(Bnghsh)
moathetnaties registor.  Rathor, it Gppears to be about how theso intersoet with one
another, as well ag with the segwl, cultural and diseursive praf.esses that
constitute school mathomanes teashung and a-amusg, I keeping with the tog s



Ditficultes in interpretation ¢an be located in their privileging the structure of the
mactice in such o way us to excludo the structuie of pedagogy (the modiation of
knowiedge in the rolationship botween teaching and tearning) as the seurce ot
leariing, Motivation, identity, conflict power relations, all reside in the community
of practice and will work in different ways to enable centripetal movement to fuli
participation or constrain it. This is why for thons, learing is only understood in
rolation to a learning rather than a teaching curricutum or intentional instruction {p.
40; p., 97), But in so doing, and despite thair own commitment to move away
from dichotomies, they insert a new and equally problematic dichotomy between
teaching and learning,

It is useful to ponder for a moment that in Russian, for example, therg is only ong
word = obuchenie - that desgribes teachingflearning, In othar words there is no
learning without teaching and va,a versa. The teaching/learning relation is a
hugely complex vne. It is as fundamontal a problem in toacher cducation as it
18 in school learning.  Dominant teacher education pragtices are structured i both
the academy and in the school itself < a combination of a formal and an
appronticeship cantext, Tho success of this combination and the relative merits,
waightings, contents and procgesses of tho two parts remain the focus of ongoing
rescareh and debate. Lavae and Wenger's theory of sogial practice shitts the
nroblemati away frun theory/practice dichotomios and guostions of transfer and
enEoJragoes us rather to oxaming the resourses made available in different gontoxts
of weacher educaton and their possible effects. Howoever, in shifting attention
anto a1earning curngulum and thus correstly questioning any dirdet relationship
betwoon teationdl teashing and learning, they nevertheloss move to deny any
relationship betwoon tearning and intentional teaehing,  This is prablematic in
general and particularly se in the gontext of schooling,

1 have argued that while Live and Wonger provide a frameveork tor understanding
teachars’  knowledge wnd  adentity,  their social  prictice theory s not
unprobdematically transforoble to sehool loarning and toaching.  They have,
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transparency in the practive and aceess to resources for neweomers becoming
kinowledgeabie and fashioning a successful idennty. | have arqued that ting
concoptualisation of learning within social practica assists thoe thoeorising of
knowledgo about teaching - how teachers fearn about taaching, How does Lave
and Wenger's congeptualising transfoer to theorising learing mathematics (tor
example} i school? In Lave and Woengor's own terms this question is important:
school is a specific social context, involving different comimunitier of practice frum
thosa in contexts of apprenticeship.

A shift into school learning raises a number of questions: What/who is the
cammunity of proctice in school mathemates? What is the community that
teachers are old-timers in? mathematicians? mathematics teachers? Or wro older
students, or mathematically schooloed adults the old-timers here? and whare ar
they in rolation to the teachers? and pupits? What are pupils new-comers into?
Centrally, what might constitute legitimate paripheral participation in the
mgthematirs classroom and toviards what is the centnpetal process of
participaton? boecoming a mathematician? a mathematically schovled aduit?

Lave and Wenger offer a general theory of sociat practico in which learning is
always a part.  Howevor, thore are cloar difficulties in moving into the contoxt of
sehooling. In school, students remain scudents witil thoy leave. No matter how
mueh mastery thov mugght havoe achioved, onty a tew, after schoet, might beecome
mathematics teachers and ¢ fower mathematiciors. Moreover, thoir toachers

however mathomatical - ard not, m e context of schoohng, practisng
mathematiciong, There is al30 a labour intensity in an apprenticeshih model that
does not transter nasily to mass schooling condiions,  Thus, wihile Lave and
Wenger's intentions are far a general theorising, and they attend at momuents (tor
axample, pp. 39-41; p. 100} to the spogificity ot schooling, thoy in fact sidestop
diffioulting in using their conceptualisatson to intérpret and oxplain tedghmy and

ksarmang i school,



This onception of teacher knowledgeabihity  trames teachmg dilemmay. R
SUPPOFES the motivation tur my study  teashoers have kbowledge to share about
teaching mathematics m multdingual nathematics classrovms,  Moreover, o
study that wishes tg aceess teachers' knowledge, data collectient should then
inglude teachers talking obout and within thowr practice. it short, Luve ond
Waonger's social practice theory provides g theoretical framework with design
implications for a study entading teachers® knowleddge.

However, and as argued cariicr, the dilemma tanguage of Lampert and tho Bedaks
needs to be elaborated to include the speeific knowledge teachers can or might
hold in relution to the teashing and learmng of mathematics v enuitdhnggual
classrooms. A study of teachers' knnwledge of the teaching and leqarmng of
mathematies in school thus needs also to theonse knowledgoe of subject matter
{school mathematics) and knowledge of inguagy in use i glassroonis,  Does Lave
and Wenger's social pracluice theory transter from apprenticesiups, and other
communities of practice hke Aleoholies Anonymous and teaching, inte school
mathematies leanung?® In othor words, can an elaboration ot ditlemma Ringunge be
provided by conceptual tools m Lave and Woenger's theory of * ol prachice?

4.5 Shifting Into achool learning

n arder 10 doevelop an understanding of fearmng as part of sogil practnie, Lave
and Wenger turn to gontexts of sucgoessful learmng - apprenticeships,  They
oxphicitly turn away from tho school besause learning as intendaod o s¢hools has
bBeon unsueeesstul for 50 many and, morcovor, m socidlly distebtod ways, In
addetion, the formal school has beon the dominant and detormining domain of
learnsng theory, yot it & nat the only context of iearmng,

Instoind of teachers and loamars we bavo old-timers  knawledgeable athers iy a
commututy of practice  and aew comers whnse knowledge and identity ¢valve

through centiipetal particapation o the prachioe. Thoy ehbonte thy mipostinee ot
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to talk abowt teachiyg front outside the practice.  For Lave and Wenger this
achioved throuah o didactic uso of language, not itscll the discourse ot teashing
practicn, and thus erentas o bow finquistic practice alt of its swn,

Tulking within and talking ghout a practice thus need redefinition {p. 1091, Tulking
within @ practice itsclf inclodes both talking within {for examplg, exchanging
information neeessary o tho pregress of ongomg activities) and talking about {kor
example, stories, communety lorel. Ingide the sharea pragtice, both forms of talk
fulfil specific functions: engaging, focusing and shifting attentions, bringing about
co-ordmaton on the once hand; supporting commundl forms of memory and
retloction as well a5 signaling memberships en the other,  Stones by full
parngipants, say Dy oxporienced teachors about their practice, inferm oathor
teachers about teaching and demaonstratn or model how to tell stoces about
toushing team within the practice.

Talking about a pragtice also usually invotves taiking both within and about. In
Lave and Wengoe's torms, the offect of this talk is not full membership of the
practice, because it 18 happenmyg trirn the outside.  1Uis rathor what they cull
'sequestration’ and an glicnation fromy, or prevention of access to, the practice.
We know only too woll from teacher odueaton Gourses that o prospective
teacher's ability to write a good essay on what is good tedchimg  whore 'good
essay' ig sianalicd in the practices of the academy - often boors Little raiation to
food teaching m practice,

Kuowledge about toachiwg 1 thus nat simply in individual teachers® beads: it s
tid 1o their ilontities and evaelves i and througlt co-participation in tho practices
of the teaching community.  Teachers, particuiarly of they have hoon i practice
or Stk tune, are moere of less knowledgeabio about the practico of tesehing®,
depending on the commuanity, thinr 30cess to K8 resources - particularly to
detivities related to ttking watian and about the practice, and toa the transpiremy

1t prachice,
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Extending the concept of trangparoncy furt” rinto the clussroom and e focus
of this study, the example of group diseusgion of g matheootical task 8
illuminative.  Pupil pupil discussion of g task sheuid enable the mathematicul
fearming in the tosk and 50 be sivisbdc’, However, the ruees tor construsctive
functioning ot a leaming group wre often loft implicit, 1t 6 possible that the
discussion itself becomes tha foeus of attention for the group, rather than o mouns
to the mathematics. Here it ohscures aceess to mathematss, by begomity] 100
visible itself. This possibility might well be exaggerated in the workinas +f a group
which has 3 number of mam [nguanes.

In ghort, practicas that are more or less transparent can onable, sbstruct or even
deny peripheral participation and heneo ageess to the pragtice.  Through
tronsporency, members can exorcise cuntrol and selegtion nta tho practice,  Thus,
the exptanatory burdien tor learning, wid here leaenng about teactung, s placed m
gultural practice. 618 placed m the community of weaching, und not on one kind
uf learning or another. Ingreasng purticipation and hence knewlcdgeabslity is noat
about gennecting theory and practice, or axporionee ind absiraction, but rather
antails the organisation of activities that makes thoir meaning visible to teachers
and all gther participants  the practice,

4.4 Lsarning to talk

In addition to transpareney, fogitiniat.: poaphoral participation alse invelves hkarning
fteww 10 1k {ond bie sident) i the mannier of full patiepasts, For noveamers then,
the purposa is not to foarn from talk as @ substitute for legitinkge ponphoral
partisipation. it 18 o leam to talk as o key te LPR. Unapacking these congopts
refatod 1o talk, Lave and Wenger distinguish between talking within and tatking
about g prostico.  Full pacticipation in a commumty of practice moans learning o
talk, and ths entiuls talking about and within the practien (p. 108}, Taiking about
the practise from the owtside 15 what often congtitites formal feanung (tor
examply, thoory of edueation in teacher education) wherp Studant taachars learn
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Becomung o full participant means engaginig with the technolomes of overyday
practices in the community, as woll as participating in its sectut refations.  Thus,
aceess to artifacts in the eomincunity thro'igh their use and understanding ot thee
signiticance is crucial.  Often miateriat tools, artifacts - technologies  are treated
as given. Yet, they embody mnner worlangs tied with the history and development
of tho pracuce and which ara hidden - thess need to bo made  available. For
oxanmpie, in mathematies teaching, the texthook is a resource. it is used widuly
and often exclusively to teach sehool mathematies, 188 mner workings, howevar,
ars undovbiedly tied with the history and dovelepment of school mathematics as
the acquisitron of dominantly procoedural knewledge.

Lave and Wenger claborate "transparency’ as involving the duai gharactueristics of
invisibility and visibility™:

e itwvisiibty in the form ef unproblematic interpretation and
integration {of the artifact) intoe activity, and visibility in the form of
extended access to information, This is not a simpln dichotomous
distinction, sinco those twa crucial chur, Wluidtics are o complox
wnterplay (p. 102}

Agcess to g proctice relates to the dual visibility and invisibility of its resources.
In other words, the invigibibty of mediating tocohnologies n Q practico is negoessary
far focus on and supporting the visibibty of the subject matter in the practee.
Continuing with the osample of the toxtbook as a rosouree in teaching:  the
toxtbook & ghly visibie bat also wvisthlo in that it makes mathematics {the
subjoct matterd wisibio. Howover, the dilenina of the toasher in Lampeit’s study
ilfustrates  offectively how tho inner worlungs of the textbeok ({rovealing
mathematics as single maothods and answers to problems) can absteuet aceess to
participation in widor congoptions of mathomatical practice, Ettective toaching
{pecoming o full participant) then depends nat onty an the availability and usoe of
it taxtbook, but also knowledge of and insight into its histery and innor workings,
its possibilitios and linits.
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partitapation thus requires a 'docentering' of mastery and pedagogy away from the
individual master or learner and mto the strugturing of cesources i the coninmunity
uf practice (p. 94}, Loaming and mastery are functiopy of howw resogurees are
madoe available.  For Lave and Wonger understanding participation and learning
requires o foeus on the learmng cuniculwm, and not the toaching curriculum, {tis
neither teaching intennons, nor plunned pedayogy that can enabile ond expliin
learning (p. 871, Rather, the sociad srructure of the practice and conditons for
logitimaey detine e practice and posssbiltics tor learning.

Peripheral and full participation provide o mode! for gonsiderang the pusitions ¢f &
teachor in rolation to earning. They also provide o means far distinguishing new
and older teachiors, as well iy far distinguishmé within nower or oldor teachers in
such a way that those who remam more penipheral are not so ssuply bocause they
arg finadequats’.  This might weil bo the ease, but must be scon in relation to a
teachor's aceess to rascurcos in the secial structure of toaching. Tho eaneept of
transparency olaborates thus pomt.

4.3 Transparency

For Lave and Wengor, fcoening oecurs through centrpotal pastiopation in the
learrang curnculum of the community.  Begoming o tull member, thot is, becoming
more knowledgeabld, entads Inving aveess to o wide range of oigoing aetivity in
the practice - aecess 1o old tiiers, other membars, to mformation, resources and
opportunitics for participation.  Such ageess hinges on the concept of
Lranspareney.

The sigiticange of artifacts in the (ull complexity of i relations
with the practico can bo more or less hransparent 1o lourhsyas,
Transparency in its simplest form may imply that the inner workings
of an atfact ara avaitalie for the learner's inspeation ... trangparensy
refers to tho way i which usmg artifacts and understunding thair
significanec nteract to bocomo one leaming process (pp. 102 34

ba
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For Lave and wenger, socid proctice. and not leacang, 15 the starting point.
Learning 8 rather o denension of any seinal practice, 1His gt vice. Salgestive and
objective through a focus on wholo person-m-the world,  Learning s neressing
participation in communitios of practices and goncerns the whoig person acting in
the world,  This is i sharp gontrast W donunant learning theory winch s
concerned with internalisation of knowledge forms and thow transter to and
application i a range of contixts. Knowing 1s thus an aetivity by specific people
wn spogihic creumstances.  fdentity, knowing and Seciol membership ental! ong
another, Thus 'learning s not & condiion tor membersisip, but)is stself an gvolving
form of membership' {p. 53}, Knowing about teaching and beconing a teacher
ovolve, and are deeply interwoven it ongoing activity in the practice of teaghing.
Knowledge about teaching is not acqguired am gourses about teactng, but an
ungoing participation in the teaching commuanity 1 wiich sush courses might be
a part.

This view ¢f knowiadgeability opons another way of undorstanding teachers® roles
m devaloping knowledge about teaching. Debates on the 'teocher-as-cesearchoer’
otten polanse rescarchers and teacher rescarghers, with arguments about what
canstitutes rescarch, and, morcover, what knowledge about teaching m Faet
affects practice”. Lave and Wenger's social practico theory clearly idontifics
teachers as & crucial source of knowledge about teaching. | am not sugqesting
here that only teachors can knew about teaching. Rather, st as carpentory are
not the onty peaple who know about carpentry, they certainly are a koy source of
any understanding of s practico. Simply, we can and must icarn about reaching
from teachers themselvos,

Lave and Wenger distinguish between peripheral and full participadon whera both
are legitimate but different forms o participation in the practice and bath aro
constantly ¢hanging.,  Full participotion signals mastery m the forme of {ull
maombership in the practice rather than an endpeint in lnarning/knowing all there
is to know about the practice. Tho process of movity) from penpherat to full
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For Lave and Wenger, becoming knowledgeable is thus a simultaneous and
ongoing fashioning of porsonat and protessional identity within @ community of
social practice. As a set of relations among porsons, activity and world, 2
community of practice 'is an intrinsic canditiun for the existence of knowledge, not
least becauso It provides thoe interpretive support necessary for maoking sonse of
its huritage' (p. 98). Learning is thus losated in the process of co-participation,
and not in the heads of individuals. This is thus a social theory of mind where
moeaning production is locatod in soegial aronas that are ot ence situationally
specific and in the broader society. In Lave and Wenger's terus, knowledge about
teaching is thus fundamentally tied to the context of teaching, and cannot be
abstracted from it. Knowledge about teaching s also dynamic and simultanoousiy
personal and social.

Reflecting buck to Lampert's understunding of teaching acts as personal, these
must not be understood: as simply lecated in an ingividudd teachoer's head but in
har ca-participation in the community of teaching. Hence my earlier point that
Lampert's concorns wore not accidontal or ichosynaratic but connactoed in and with
taik in hor commwinity of practice.

4.2 Lagitimate peripharal participation

'‘Lagitimate poriphoral participation’ {LPP} is the conceptual bridge between the
parson and the community of practice. As people participate in communities of
practice so they becomoe more kngwledgoeable in the pragtice.  They mowva from Q
position of 'nowgsomors' to becoming ‘old timors' with groater mastoey of the
practice and with al the conflicts, contradictions, changes and stability that
entails. LPP is a means of explaining both the developing identity of persons in thoe
waorld, and the production angd repraduction of tho community ot practice, Hora
it a vonceptual framowark for integrating the concerns of Lampaort and the Berlak's
m desceribing and explaining teaching.
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How then does one capture the knowiletge about teashing and teacher GCtion a8
both personal and social, where maoaning 1s constituted 1t and constitutive of
activity in social and cultural sottings. thot is, in social practice? As an angwer to
this | turn to social practice theory,

q A SOCIAL PRACTICE THEORY OF TEACHERS' KNOWLEDGE
4.1 Situating learning in communities of social practice

Luva {1891) and Lave and Wengor {1991} situate learning in communities of social
practice. Building on Lave's earlier work on situated cognition (1985; 1988), thoy
dovelop @ theory of social practice - what they call ‘legitimate poriphorai
participation in communities of practico’ (LPP). LPP can illuminate how toa.hers
learn about teaching. it can also be used to throw fight on teachers' knowledge
about teaching. As i shall show, it provides a thenretical framoewoik that
incorporates the personal, practicat and social dimensions of teachers' knowledge.

Lave and Wengor writo:

Briofly, a theory of social practice emphasizes the rolational
interdependency of agent and world, activity, meaning, cognition,
learning and knowing. It emphasises the inborently sociaily
negotiated charactar of moaning and the mterested, concerncd
character of the thought and actions of personsan-activity, This view
aise claims that learning, thinking, and knowing are relations among
peoplo in activity, in, with and arising from the socially and culturatly
structured world, This world is socially constittited; objeetive forms
and systoms of activity, on the ong hand, agents' subjeative and
intersubjective understandings of them, on the othor. mutually
constitute both the world and itg experionced forms, Knowiledge or
tho social world is socially mediated and opan ended.  its moaning to
given actors, its furnishings, and tho ralations of humans with/in it,
arg produced, roproduced, and changed in the goursu of activity
{which includes speeah and thought, but cainnot be reduced to one
or the othor). In a theory of practico, cognition and gommunigation
in, Jand with, the social woeld are situated in the historicol
development of angoing activity {pp. 5Q-51h

§1



understand the forees, internal and external, thit prevant in ety of circumstances
might vvell provide our diversity of teachors with some rasources and taols to think
and act appropriatoly in the complexity of their classroom life.

It is aur hope that the dilemma language vall be useful i clarifying tor

- prefessionals and the public some of the dobates of schooling

practices and their relationship to the maror politica! and economic

questions of the day, and for helping to identity alternative

possibilities for making schooling a richer, more engaging and

chalienging intelfoctual, cultural and social exparience for all students.
{(Berlak and Berink, 1981, p. 9}

The Berlaks oxpress this hope in the contoxt of the conflicts over educational
reform at the end of the 1970s in the USA and the UK. But their words could
have been taken from the mouth of 3 researcher in South African education in the
19908 as we confront the realitios of trying to carve more equitable, more
raeaningful and higher quality intollectual experiences in schooling for ali our
children, And we do so in an even more conflictual and contradictory context.

However, while dilemma languageo in geneoral is appropriate, | have drgued above
that, for this study, it requires extonsion. The eight curriculum dilemmas
categorised by the Borlaks might not adequately capture  dilommas specific 1o
reaching and learning sccondary mathomatics, especilly in - multiingual
classrooms. One of tho contributions of this study will thus be to extend dilemima
languago.

My oxtansion of dilemma language {sec Ghapters B - 8) sharvs the Berlaks'
uinderlying theoroticol assumption gbout the need.  -r & diatoctical account of
teachers' actions and knowladge. Fundamental ta such an aceount is e view that
mesning is not a process that goes onin the mind.  Rither, it is constituted in and
through sogcial activity, My oxtansion of dilemima lunguage also shares Lamport's
insight inte the practical and personal {2 teachor's identity) in toaching, Here the
managoment of dilommas 8 important,
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classroom practice is not as clearly bound with the subjeet taught as is the cusu
with sacondary teachers, What then do these sturdies and the Berlaks' dilomima
language offer to a study of teachers® knowlodjie ot their practices in multilingusi

secondary mathamatics rlaserooms in South Afriva?

I am concerned hero with problomatising teaching dilemmat in rolation to the
specificity of mathematical subject knowledge m school.  As indicated above, this
is directly linked to the issue of identity, for one's identity as & secondury teacher
is as a subject teacher. The Berlaks® typology, being suciological, is concerned
largely with the social organisation of the curriculum and does not deal with the
spacificity of subject knowlodge. White their curriculum dilemnias will apply in
mathematies classrooms, there are, perhaps, particular dilommag teachers face in
their attempts to teach mathomatical discourse.  While Lampert's dilemma
examples are drawn from primary mathematies classes, they are gontroi and
curriculum dilemmas related to mathematics teaching but with little engagement
with the speciticity of athomatical contont. Moreover, mathematies at the
secondary level is more complex - a mo.¢ intricate web of concepts is at play and
thus couid lead to more mathematicully specific dilomimas.

In short, the forms of dilemmas, particuiarly at the sccondary level, need to relate
to what is being taught as well as to how and whaore, Dilemma language thus
needs extension to subiect specific teaching. In addition, neithor the Berloks nor
Lampert exploro the issuc of language in the classroom and dilammas that might
emarge, Thus dilemma language neads to be developed horg in relution to both
ianguage and mathematigs”,

Morn gonerally, how does one rmeontextualise a study into a differont cantext, into
a differont time und place? At this transitional juncturo of South Africa's sogial
and politival history, wharg choices have to be made in now cducational policy
formulation and its impeementation in the life bload of classrooims, dilgmma
languago offers a greot deal.  Having an secessiblo languauge with whieh to
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thon I8 ¢enscious awarehess, chingtive capacity, the ability 1o think about thinking

- metacognition,

Scientific and spontancous concepts, while distingt, intluence cach other:

In the scientific concepts that the child acquires in school, the
relation to an object is mediated from the start by some other
conecpt. Thus, the very notion of scientific concept implies 2 certan
position in rolation to other concepts, i.0., a place within a systam of
coneepts. It is our contention that the rudiments of systematisation
first onter the child's mind by way of his contact with scientihic
concapts and arc then transforred to overyday cancopts, changing
thewr psychological structure from the (op down.
{Vygotsky, 1986, pp. 172-173)

Ono might say that the development of tho child's spontaneuus
coneepts proceeds upwards, and the development of his scientific
cnacepts downwards, to o merg elementary and concrete lovel, This
is 4 gonsequenge of the way in whieh the two kinds of concopts
em-rgo.  The incoption of a spontanoous coneopt can usually be
traged to o face to-face meating with a cengrete situation, whilo o
sciontific concept involves irom the Frst, o "modiated” atttude
towards its objecr. (Vygotsky, 1986, pp. 193 184}

There are two implicatons here, particuiorly  tor  teaching and  learning
mathomatics.  First, without tho spegifie axperience of schooling, partwular forms
of intramaental functioning {abstract congept formation, matacognition) will not
develop, The value and henetits of schooling, huwever, provida the content of
mugh rescarch and debate. Singe Vygotsky's tinig, sehaoling has shovwn itselt to
be usefud in socioby distributed ways™, An additional question here is whotlior
axplicit prdagogy is absont in everyday life.  1s decontoxtualised thinking the
privileged reaim of formal instruction?  Tha in- and o of achool dobates arg
beyond the immodiate foeus of this thesis, but eontinue to he the subjeet ot
ongoingy resaargh aGtivity, particularly in rolation 1o moaningtul mathenatics
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as g distnet context, with partsculier kinds of learming activities thal wall Shapde
conseivasness and lead to poarticulus konds of knowledge, sed that wiule $hese vaill
not & aply transfer into other activity, thoy will ftovortholoss impagt on
psychalogical functiomng.

Vygotsky wdentified three leading activities that shape ¢onsciousness Tormation:
phay. schaul and work (Davidov, 1990). A distinet teature of schoolng is that it
imvolves furmalised instracton, what one might call espheit pedagogy or, in Lave's
terms, a teaching curriculum, Vygotsky thus recogniscd tho school as a distingt
context entaiding distingt kinds of act: sities feading 10 qualitatively ditferent kinds
of knowledge than those actquirad in everyday iife, in play or i work,

Schooling is a pacticular social sottsy and takes particutar forms in different
lustongal ¢onditions.  Thoreforo the kinds of seetl interaction that ¢hildeen have
m scheol will have intro aental etfects (Dumon, 1990}, The particulanty of
schooling in contrast to everyday life is that schooling is abstracted and structured
out of everyday lifo, and organised with particular time-space rolations.  Everyday
knowledge and school knowledge are thas distinatly different kinds ot knowledge.

For Vygotsky, schooling ond formalised instruction load spoeifically to tho
deveiopmaent of metacognitive avvareness on thie one hind and ta the developmeont
uf scienting concopts on tho othur, The feurning of new ward moanngs 1in schoot
i$ not through direct exporieneo with things or through phenomena. Rathar it is
through a systom of concepts. What distinguishes sgientific from spontaneous
coneopts is that thoy are part of a system of concents, and they are dehboerate and
seIf consgious. 10 Contrast, SPONtANCOUS concepts, the cencepts that are formod
i our overyday adtity, are ansystematised and saturated with expericnea.

Bocanse sciontihie coneepts are tind (o other eoncepts thuy entail abstract thinking,
and generalisations of generalisations.  What develops during the schoet periad
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comoext  there is o simple of direct use. Bather there s a recontextualisation into
the togic of tho new context, a recontextualisation that inevitably shifts, changes
and atfects the knowledge use,  drawing together the linguage of Lave and
Bernstemn, knowledge acgumed in one set of sockl practices and used mamother
undorgoes transformation through a defocation from its context of orgin und g
relogation in another set of social practices'’,

In contrast, in Vygotsky's theory, the higher psychologuzal functions, whiGh
includes the tormation of concepts, form through socially and culturally modiated
dctivity whora cultural tools first used interpeasonally, begome mternahsed and
used 1o regulate action. This can be read as the tarmaton of structures and
Systerms that comie to oporate independently from futurn exporiences and activity
and ovolse vatl development. Howovor, word mesaning for Vygotsky was nevor
outside o systems of ielations,

Perhags it is possible to enmbine sacial practico thaory - which does not deal with
dovolopmontal issues < with sociocuitural theory. Whita sociil practice theary
locks at bewoming knewlcdaeable as the fashioning of wentity in sets of social
practices, it doss not deal with how theso might function and change as a result
of time and developmant.  £or example, it does aot engago with buw difforent sots
of social practiecs function in relation to children in euntrast with adults. Vygotsky
provides 0 way of understording psychologicol tunctioning as undergaing
qualitativ transformations aver tme™ and through cots of oxperiences fctivines
i sool pracbecst. Thuy, when placed in Q@ new situatian, previous leammeg ang
rasultant psychological fungtioning factors in, thaugh not in any decontextualiscd

Wiy,
6.2 Tha specificity of schooling and scientific concapts

From & eongoeption that particular activines and learmng ore ticd 1o theie contest
of production, LUt not N any S way, comes the tndorstanding that sehooling,
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of acting on the world ond signs oporate internally in mediating thinking, in
controfiing thought, The use of tool and sign brings transformations  tool on the
objeet of activity and signs on intramoentol futhictioning.

Language, and speech, can function as both tool and sign - through interpersonal
gommunication {acting on and with others), and then intrapersonally 28 a thinking
device. Language (speech) thus has both a communicative and an intellectudl
function. As Wertsch argues {Wertseh, 1985; 1891a), for Vygotsky, human sogial
and moental aetivity is mediated by toehnlogical tools and signg {psychoiogical
tools), m ather words, through semictie mediation and hence shaped by sign
systems such as natural language. As mentioned in the introduction to this
chapter, this undorstanding of human functioning and tiwe role of languago must
mpact on mathematies lcarning o general and o multibngual ¢lassrooms i
particular.

An understonding of human gonsciousness as culturally and socially mediared and
lhisterically gontingont implios that the kinds of activitios and sogial intoriactions
that we have, the kinds of tools [both matoerial and symbolie, and particuiarly
languago) that we use, and the social and potitical contexts within which these are
hwed, wilt have spoaific intramental eonseguences. Thus in Vyguotskian thoory wo
S00 agoin hared congoptions of situatcd knowicdgoe,

Mowaver, there ore fundamental difforonses in the theoretical origntations of Lave
aid Vygatsky, particulanly i relation to intérnalisation on the ong hand and theie
dtforent emphasos on activity and practice, Lave arques against any sonception
of mtornalised knowledge that & sndepossdent G the gontexe of its production and
its use. For Lave, knowlodyge aequired is ticd to its context of agqusition, and net
docontaxtudlised intg someo abstract form that is then transforablo to other
fterent contexts,  Bernstein's (19901 netion of rosontoxtualisation  {and
Brousseuu's hotion of transposition {in Crawtard and Adler, 1996)) are powerful
here in deseribing what happens as knowlodge acquired is usod m a ditforent
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tugher psychulogical tungtioning.  Highor psycholagical functions (censeious
awareness, voluatary attention, logical memory and the formation of concepts),
he argues, originate in human sociol relations (1978, p, 87), through the use of
material and symboiic culturd! toels, ingluding language, and througly mterpersonal
gommuicanon {(Vyaotsky, 1978, p. 86; 1991).  The hwgher puychologial
functions arg th . citically buman, a function of the internalisation of tha tools
of culture - including language and thus, tog, speech. Whereas fanguage/specch
15 initially used for communication with others, that is, used to act externally as
a toal, it becomes intornulsed « & A sigi that guides intellectual funchoning.,  First
1t & means of influenging othes -, and only thon G means of nfluincmy oneself.

This is formudated in Vygotsky's goenotic tavw of cultural develup: ont:

¥y, function in ths chdd's cultura! development appears on the stage
twitd, on two planes, first on tho soeial plane and thes on tho
psvehological, first amaong peeple 48 an aintermental ecategory and
then wathan the ghild as an intramental categury.  This equally applics
1 voluntary attention and legcs! memory, formatuon of concepts ond
dovelopmont of volition.... Behind ali highor functions and thewr
relations genactically stand saeiil refations,

{1991, n. 40)

In o sowidl theory of mind,  language, cortexe and subjeet sisttor cun be wovon
tagother.

Throughout his writings, VytgotsRy draws important conceptul distinetions ..
batween the bielogical and the culturad, language and thought, mmediate and
miediatyd mamory, that i other psychologieal theonsing are often callapsed inte
vach uthor, or toa severcly dichotonused.  For Vygotsky, thore s ne thought
without word, and vice versd, but languago and thought are not the same.
Simikely, cultural dovolapmont eannot be wnderstood divorced from biclugical
developmoent {in humans) bug, again. theso are distinet forms.  Ansthier koy
distmcbon Vyagotsky draws and is pertment 10 thas stady i that betwween tool and
SN, Both oro mindiators of astvity, yot distinet, Taols opotaty extornally as wiys
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6 SOCIOCULTURAL THEORY OF LANGUAGE AND THE TEACHING AND
LEARNING OF MATHEMATICS {N SCHOOL

6.1 Vygotaky's sociocultural and historical theory of psychological developmont

Vygotsky posits a thoory of hunan consgiousness as tormed thraugh purposeful
and mediated activity in a sociat and listenciadly contngent werld (Vygotsky,
1986; 1978; 1991; Rieber and Carton, 1987). In other words, Vygotsky's theory
of human consciousness is both o sociocultural theory and an historicgl-¢ultural
theory. What wo know and undesstand tintrumental functigning) is a function both
of our agtivity lactions and interactions) i Q soeiar world and their focation in a
particular  histoneal context {intormontal  funcuoning).  Thus, Vygotsky's
sociogulturdl developmental thoory and Lave's sotal practice theory share an
historically contingent and SeeIoeoNtric CORGOPHON (©  MMAN CONSCIOUSNESS.

This central tivust In Vygotshy's thiory s gaptured in his faow ot cultural
dovelopment:

From the very first days of tho child's development his activities
acquire 3 meaning of theie own in 3 system of secial behavious, and
being dirocted towards a dofinite purpose, are refractod through the
prisin of t1ie chikl's onvirpnment, The path from ovject to child and
from child to object passes through another person. Thus complex
hunsun Steacture is the product of o developmopntal Lrocess deeply
raated i the links botwoen the individual und socil histery., (1978,
p- 30}

For Vyaotsky. the linkage between the individual and social history lios in two
distingt  but interweaving  lings  of devolopment - a eultural ling and @
nstonical/maturational ine,  Maturation and cultural dctivity together gecount for
human deveiopment.  This links with g koy concern of Vygotsky: to understond
that which distinaatishay huntin sonscousness from animat behaveour,  Hunmang
make use of auxiliitry tools and signs in their fagoing activity and problom solving.
This specific human use of toois fed to Vygatsky distinguishing elemontary from
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in a comununity of practice is probleniatic.  Their continuity arguiment denies the
grossing of any bridges. What do talking within and talking about then mean in
classroom practices? How do learners leorn to talk about mathematics? That
there is a bridge to cross botweeh everyday and cducated discourses is at the
heart of Walkerdine's {1988} argument fur 'good teaching® entailing ohaing of
signification in the classroom where cveryday notions have to be prised out of
theis discursive practice and situated in a new ang different discursive practice.

Current debate in mathematics education, stimudated by mare tatlibilist congeptions
of mathwmatical knowiedge, reflects attempts to chango the quality of exporienges
learners have pwoy from the progcedural application of cwles to more principled,
dehberate thinking, problem solving and problem posing.  The goal, o the one
lnd, is to make sehoal mathemitical experionces moro authontic, more like the
mathomaticy of mathomatigians, and on the other, 10 bring in the roal world ot
protiems and applications, But solving 3 mathematical problam in school s not
simply continupus with solving mathematical probiems in other real wotld
contexts. Nor is school mathematicu! practiee the practice of mathomaticians, It
can and should includoe both, But it will abways bo threugh & recontextuahsation,
And hence the noed for a tocus on pedagogy to onable the crossings between
rogistors, and botwoen languuges and sogial situations. And gressings in the
classreom can create difemmas for teaghers.  As Muller and Taylor (1995) argue,
sueh crassmgs can be dangerous and abenating in school and more tar some
logrnarg than othors. 1thus turn now to sociocultural thoory to expand ditemma
languago 1o incorporate the speen ity of mathemates teaching and fearning in
multitingual classrooms,
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Mercor provides a language with wihich to undurstund the special natere of
classroom education and knowludge producod in the context of schouling, He
distinguishoes between educational discourse - the discourse of teuching and
learming in the classroom - and educated discourse - now ways of using inguate,
‘ways with words® which wili enable pupils to become active members of wider
communities of educated discourse (Moercer, 1895, p. 82}, In Mercor's terms,
aducated discourse in school mathematics will inelude the mathematics register.

Learners can develop familiaritv and confidence using new oducated and
educational disgourses only by using them. While pupils all engago in educational
discourse, they nead opportunities to practise being usors of educoted discoursos.
Often thero is a mismateh between the edueational discourse in play (ways with
words in the ¢lassroom} and the educated discourse thoy are meant to bo entenng.
The teacher's role is te translate what ié baing said into acatdemic discourse, to
help framo discussion, posc questions, suggest real life connections, probe
arguments and ask for evidence. This does not mean that the teachor's rolo is
simply to gxplain, but more to be the person who brings the language and the
framas of raforonce of the ‘oxport’ discourse into the ‘coflective consciousnoess’
of the group (Mercer, p. 81). The tanguage practices of the classroom {oducationdl
discourse) must ‘sgaffold students’ entry into edusated disraurse’ (p. 82). This
is not a negation of student eraativity, Even for ereativity, students still neod to
know the discourse.

Teachers are expeatoed to help their students devalop ways of talking,
writing and thinking wiluch wili enablo them to travel on widor
intollectual journeys, understand and being understeod by other
membars of wider communities of adugotional discourse: but thay
havo to start from whaore learnors arg, to use what thoy already
kRnow, did hoip them g back and forth agross the bridge from
tpviryday’ discourse ints ‘educated discourse” (Mereer, 19986, p. 83).

It is in this undorstandiog of the aims of sehool education that Lave and Wenger's
seamless wob of practizes entaitod iy moving from periphoral to full participanon
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specific learning.  First, a briet claboration of the nature of school inathematical

knowledge.
5 SCHOOL MATHEMATICS AS A DISCOURSE

Thore are two understandirgs of school mathematics embedded in this thooretical
disgussion. The first is that the school is 3 spocific context, Thore is a
distinctiveness to activity in school. The loarning and teaching of mathomatics in
sghool is thus a very spocifie social practice. Chapter 1 drew on Pimm's metaphor
that learning mathomatics is like learning a language to beqgin a review of the
literature on mathematics cducation and language. From this perspective, learning
mathematics entails acquiring new language registers which include both technical
skills and ways of meaning. In uther words, 1carning mathematics entails agquiring,
racogmising and developing speciic ways of using lanquage, of, 10 Lave and
wWenger's tarms, Liaming o talk.

Tho second ig that school mathematics then needs to be understood a8 a
(iscursive subjeet™ or as a discourse or set of discourses, whero ‘discourse'
means ‘languago as it 1s used to carry out the social and intelicetual life of a
community' {Morcer, 1998, p. 78} whore the mathomatical rogister is part of the
discourse.  School mathematics then is learnt through discourse, through
language in use in the ¢lassroom. An important question arises in relation to
szhool knowindgoe, What is the discourso of school mathomatics? 1t is not the
discourse of mathematicians - they are in ¢ diffaront community of practice from
that of a classroom. Similarly, the practice of school mathemanes is nut the
nractice of mathomaticians,  School mathematics is also not tho discowrse of
apprenticaships.  School matheminies is a social proctice with ~poeeifie time-spaco
relations, activitios and discursive practices,  School mathamatics is o distingt
prictice {Muller and Taylor, 1998; Dowling, 1993; 19985/™ whoro there are
regontoxtualisations fram the diseipline of nxithematics into the curriculum,
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dilemima of personal vs, public knowledge. o short, what Love and Wengoer's
tircorising of learning dues not explain, is the specific demands ot oppronticeship
into school mathematics, and its necessary focus on the structure of pedagogy -
of mediating school mathematics'?.

Within a social theory of mind, that is, sharing some basic assumptions with Love
and Wenger, there has been a great deal of regearch, theorsing and debate on the
mediation of mathematical knowledga in school, 1t 18 beyond tho scope of this
thesis to elaborate fully hore. Briefly, however, more sociological arguraents draw
on the work of Paul Dowling {(sce, fur example, Coombe amnd Davis, 1995;
Dowling, 1993; 192956) and the wnportancae ot the diseursive claboration of
mathematical knowledge in the classroom for access or appronticeship into
mathematics a8 opposed to widespread alienation.  Hore, mediation of
mathematical knowlodgo via the everyday and the emphasis on progodural
knowledge in the curriculum come under scrutiny. More psychoalogically oriented
research hag focused on the question of meaning where both shildren's meanings
and socially constructad mathematicai knowtedge are important in the pedagogical
situation. Alienation is a function of tho supprassing or ignoring of learner
moanings. Informed by both neo-Plagetian and sociocultural theory, quality and
effective mathematics learning and toaching in school involve a hiending of both
saff- and other reguiated activity, between scaffolding a task and providing for
croative responses to a task, between teaching and learning  {seo, for example,
Cobb, 1994q; Confrey, 1994; 19954; 1985h).

Explaining acoess to or sequoeatrigionfalienation from school mathematics roquires
an understanding of the structure of pedagogy, that is, its mediation through the
teaching:dearing entationsivn, Lave and Wengoer's sogial prictice theory fails short
heres 1 thus turn now to socwculturdl theory for a fult and effective elaboration of
knowing, fearning ond toacking mathomatics in school and particutorly 1

nultilingual classrooms.  Sociocultural theory deals with hoth school and suopect
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and Wanger's terms, educational ground rules are cultural resources - thoy need
to be ransparent, with tha dual characteristics of visibility and invisibility,

Wl t Lave and Wenger powerfully iluminata is that resources for learning, liko
language, can enable or exclude. Depending ¢n hew they are used, resources ¢an
cnable access to tho practice or sequaestor participants. This links directly with the
Berlaks' societal dilemma of equity vs. cifferential resource allocation and
iiluminates what it might mean to treat more than one language in a classroom as
a resource rather than as a problam,

For Lave and Wenger, begoming knowledgeable in a practice entails learning to
talk within and about the practice, and not learning from talk, Yet, as | argued in
Chapter 1, eurriculum initiatives in mathemavics cducation refioct that it is about
poth learning to talk and learning from talk'*, For Pinum (1987} many activitics in
masthematics classrooms flowing from an interpretation of the Cockceroft roport
depend or lLarning from talk, on pumis' verbal exprossion being seen as an
important part of teaching and learning mathematies (p. 48}, But Lave and
Wenger's distinction betwoaen talking within and about becomaes usefui. First, it
links with distingtions boetween talk as exploratory vs, talk for dispiaying
knowledge. In mathematics ¢lassrooms whorg there i a mave to more exploratory
problem-solving mathematical practicos, students ofton work togother on tasks,
and then report on their working to others in the class and to the teachers, While
on tasks, pupils could bo said te have opportunity for tallking within their
mathematical practice.

Then, and either to the teachoer, or othor puplls or Doth, they talk about thoir
mathematical ideas. Thus they are being provided opportunity to loara (o talk but
& guestion unanswerad i givan tho distinet practice that is school mathematics,
that glagsroom talk has its own form and function {Morcer, 1996}, how are pupis
apprenticed into this talking?  And what happens in ¢lasses whoere childron have
a rango of spoken languages?  This can bo linked to the Borlaks' gurricuium
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nevertheless, constructed concepts that could provoke interesting insights in*o
lparning and teaching mathematics in school.  Specifically, access and
sequestration, the avoilability of learning resources, transparency, and their
distinctior betwoan talking within and about 2 practice are easily rcad into the
pedagogical relation in maths teaching in school, and are thus useful to explore
further.

In refation to transparency and the focus of this study on mathematics learniry in
multilingual settings, language - and spagifically speech - functions as a tool in the
classrocom. A great deal of classroom communication ogours through speech.
Speech Is thus a resource where, in Lave and Wenger's terms, invisibility and
visibi y aro in constant interplay: spoech shuuld be invisible so that the subject
of inquiry - o mathematical problem, say - can be engaged, i.0. hecome visible, But
languago is a cultural tool avwd never unproblematic. In and of itself, it cant mediate
the activity in the course of action. For gxample, a group of learners working on
a problemy communicate through speech, gestures and so on, ahout the problem,
This communication is supposed to make the problem more visible, more
accessible. But the social rejations in the discussion and the discussion itself can
maediate the problem, particularly if it oceurs in a mix of languages. That language
itself can medisto octivity ond obscure the task rathor than moko it visible seems
fairly obvious in 2 multilingual class. Arc teachers aware of whethor, when and
how language used in their classrooms should bo transparont, neoding to be
invisible, yot make visible? and if so, whot is this understanding?

Tha concopt of transparency with its interwovon visibllity and invisibility also links,
though in a diffcront way, with Edwards and Mergor's {1927} study of classroom
talk. They identify implicit rules of educational talk and practice cvident in all
gfossrooms.  These ‘cducational ground-rules' are neithor arbitrary nor simply
imposed by ¢ teacher.  They are aspoects of ouiture (p. 89),  Suetessful
participaticn in sehoal is nked to agcoss 1) these ground rules and thoy rightfully
ask: if thogo are rules for succossful participation why are they implicit? in Lave
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but i onquing paeticipation in the teaching consnudity in which such conrses are
a4 part.  As wrgued varier, this coneeption of teacher knowetedgiabihity i o
motivation for this study  teachers bitve knowledge o share about teachmnn
mathematics in multihngual mathematies glassrooms. s olao o Significant
determinant of the rescarch design and specifically of thee estabdistuncnt of the
sampile and the dota gullection methuds, How does one captare teachors!
knowledge about teaching and leaming  mathemiatics i their mulGhngugl
classrooms when ) knowledge s both tacit and embodied on the one hand, and
expheit and discursive on thiy other, and i knovwledge % both prersonid and soci,
where meaning is constituted in and cangtitutive of activity in sueigd and cultural

settings?

Crucially, attention had to be pad 10 ta'king o teachers abeut, and observing
tnachers in, their teaching practices, wy their clagsroems and i tiscussions with
other teachers. In Lave and Wenger's torms, data collcation needed to includa
teachers tatking about and wathin their practices - what thoy siy about thoir
teachng and what they talk about with cther teachers, as waell 4s abservation of
teachers in practice - what they do. The study thus required direet intaraction
between the researcher and the teachers, usay the qualitative methods of in depth
nterviewing and participait observation and fits whiak s called a field study, or
ficld roscorch (Rose, 1982; Erickson, 1986; Smuling, 1990; 1892; Sitvorman,
1993).

The sample of teachors was o be diawn from the held of secondory mathemats
teachers in mulilfingud! classroomis where English was the inguage of instruchon,
In South Africa, this fiole meludes o range ot ditferent kinds of imutblingudl
contexts, suggesting a number of possible methodotogics {(fue example, an
athnoaraphic study, or i ¢ase study). In the claboration of the fivld, the selection
ot a umalt samphs trom thees distinetive mulblingudl contexts and thus a design

that talls somewhers betwaeon an sthnoagrapby and o single gase stady 15
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imgsatye and eenceptions in the curricehun that the weachier wishes them

tu agquire in the context of classrogn« conununication and activity?

i other words, what do teachoers sy and do in redaton to mied 1ting the
dovelppmaetit of scientific congepts? And, whiat do teachers suy und du in
relation 1o managing to work with and create appropriate zones of proximal
development In large and lingutically diverse ¢lasses?

. What Jo teachers say and do in relation to teaching i a more
cummunicative mathenves classroom whicn pupls bring 0 range of main
fanguagoes to ¢lassy feorning from talk - about language a8 a resourcel.

This gquestion ean bo cluborated as: Whit do teachers say and do in relation
to whother, when and how language uscd in their classrooms () 8 a
resource or a probicm and () should be teansparent, needing to be invisible,
ynt mado visiblo? ‘

* And, at 0 meta level, whit is the relationehip botween what teachors say
and what thoy do?

it is imporctant to nate hore that the rescareh questions are not expressed in a
mguage of tcachmg dilenimas My coming to dileimmas is empiriely ecounded
in the rosearch itself - it was trom an analysis of the initial interviews ceseribed in
this chagter that 1 could discorn in teachors in different contexts, ditferent
difemmas that framed their views on language related issues in their teachin).
Thus the olaim in this thesis that eachers faco dilemmas, and articulation of what
these difcmnas are, are outcames of the researeh pracess. Dilemma languaio
thus arises and develops in the process of the study in respunse to the questions
above,

1.2  Addrassing the rasaarch questions

From an understandhing of knowledao as situated and sockilly mediated, we know
that knowledao about teaching i not simply agquired in ¢ourses about teaching,
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particular, learning fo tlk mathematies and fearning mothenvtics from talk are
both crucial aspects of mathematios learning in school’. Thers is thus at least o
three-dinensional dynamic ot play botween the kaguage of instruction, the
languagoe ef mathematics (cdugated discourse) and  the language of glasgroom
gultural prociosees (edusational discourse). The fovused Question for this thosis

has thus become:

What is teachers' knowledge of their prdt:ﬁ(:e.'{a' in tius complox muliidimaensional
dynamic?

Less formally, what can wo learn trom teachars' tacit and conscious knawledgo
about how tlioy manage to teaeh secondury schoa! mathematics in gomplex,
dynamic and demanding multiting.! sottings?

This central question can be eloborated by o number of more spegifie subsidiary
questions that have boen poesed in the previous two choptoers:

¢ What do teashors in multilmguad mathematics glassrooms say and do in
retation to simuitaneously devcloping the kinguage of nstruction, the
languuge of mathematics (educatad discourse) and the language of tho
slassroom (edusational diseoursc)?

* What do teachors say and du about teaehing and learning in the languago
of instrugtion and using the other main languagets) of the pupils? {kbout
learning from talkk and te talk - about language as a resource in the
glassroom). In other words, what do teachess say and do about cude-
switching?

¥ What do teachers say and do in relation 1o mediating tworking with both)
the informat, oxprossve lnguage and mathomatical cangoplions that
iogrners bring to and construct in clags, and the tormat mathomatcd
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CHAPTER 3

EXPLORING TEACHERS' KNOWLEDGE:
METHODOLOGY AND RESEARCH DESIGN

1 INTRODUCTION

1.1 Elaborating the rasearch ¢uestion

This study is framad by a sociocultural thoviy of mind. Knowledgs is thos
understood as at oncoe personally and situetionally moannglul and socwully and
cuiturally modiated.  Knowledge s both tocit and censewous, embodied and
discursivs. In other words, what wo know lics vy what wo say and what we do
n gpocific siuations.  Togethor then, what wo are able sclf consciousty to
artigulate, as well as how we aet, torm and ae tormod by our develepmg dontay
and our activitios and praetces i @ sovial, cultural and histoncally gontmgent
worid.

| have olso explaned tho emergence of my nterest in the secnungly clusive
dynamics of teaching and learming mathematics 1 o multhngual secondary schaol
classroom, in tho course of a roviow of the hterdture i ths field of languagoe and
mathematics | havo argued thit while thero has boon o great deat of rescarch into
bhilinguals' mathematical learmag, mueh of tlus has been logated in a narrow
cagnitive framowork, and mero significantly, that toachers' knowledgo of the
dynamies betweun mathomates and kanguago in nssltihngual Glassroone: has not
heon stuthed. Singe teachors” knowlodye, like all knowtedge, is Situated and thus
shapes and is shaped by the context, culture and activity of classroom life, 1818 4
erucial dimension of 8 socioculturally mformed aceount of the dynamigs ot
teaching and oarning mathematics in multilingual school clssrooms,

Tagether, the theoretead frimo and Bterature yoewviow have alsa rovealed the
comploxity of teaching and leaming mathematics in mulithagual settings. i
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Chapter 1 argued that the teaching and learning of mathematics in multilingual
clagsrooms was three-duncnsional: it entails aueess to the language ot instruction,
the hanguagoe of mathematics {educated discourse) and  glassroom  culture
{educationat discourse). Bocause of this dynamic, | argued further that only
socioeulturally intormed studies actually luminated the dynomie. | then askod
what is teachers' knowtledge of this dynamic, ond whethier and how this
knowledge could and should be elaborated. The purpesce ot this chapter has been
1o develop a socioculturaf theoretical framework for my study of teachers'
knnwladge of thawr practice in multilingual mathematics 1assreoms.

NOTES

1, Vygotsky's theory is deserbed batl: 35 3 socecutieal theary (for example. Wertsch, 1585:
WH and 35 3 soeenstoncal theoty tuie, 19891 As o elabmated Jater, 1 s clearly both I
i3, however, cumbersoma to refer ¢ ontmually to both. S0, hke Wertseh, 1 wili from now on
refer to secionultural theoey, implyt 1g also its histenigal dimoensan.,

O, Vygotsky's use ot "cultatal’ g eocastent with Geert2's nobon of ulturd as ‘plans. 10opey,
ndes, instraetion - for the governing of behavieur®. *Gulturd' is understood here 3 systems of
makiny meating, or what Lund {1826, p. 1G4 torms 'soeal praguee”. Sea Miller 110843

3. *Activity' works at the lovel of the peraon acting: ‘nracticos’ work at the level of soial groups.

i, The disunction botween, and importance of both what we say ad whot we do, twlates to
what Argyns and Schon 11974 desnbe as ‘espoused theoty' (theary 10 which wo give
allegance) dnd *theoty-n-uso” (theary which goveras aG:tonst ipp. 5:100 Atgyns atd Schn
ore paruculary interested i whather and hew what wo soy about whut we du or wish ¢ do)
might chffer from what we aetuilly 48. This distinction botweon espousad and enacted
thavnos ca  ba reod as J disjncturn - for oxampla, m repressive toims, we do not ko 1o 1ok
3 what wa do not want (e see - and therefora study the dispncture. I contrant, the relation
hotween aspoused and andvted theones could be wewed a4y a eomiploto relahnn - therns 15 1o
disjuncture, Muagh revearch on teiwchors® behets angd actions works on thin assumplun sed 115
mpheation that ehanging actuns thus means changing behefs, Poluny’s sense, and the way
mi which thas study views the relation, 15 that there 5 somo relatgn hetween gur aspeusod
theanues ang gur theobes -use - thore 15 averlap, Dut we cannot reduco the one to the othes.
Oar knowledgo is both embiodied and discursiva - and these are mtertwined.  Wo cannet
Jiways gsay what 810 we do. And wvieo verga, we cannot alvways do wlhiat wa say - Samo of
witdt wo kaow 18 wnphoat, taot This g udy dong not dichotomze thesy twe window: o
teachers” knowledge about teactung. What teachors say and what thoy do for how thoy acti
are buth rather secn as ecial, f somebmos conthcting o conteadwitory, pans of teackers’
kniowledno.

iy siee Cochran-Smith aed Lytla (1903} far on ntoresting aengunt of maide and suteids ere ond
otich knnwlediye of teachng whiorg *eatcedn® ol "weadn” are ot relted senply 05 eppotiden
b a4 v 05 that ongage eno another m disloguo®.

(I Hevwovitt, maiaggig toachung b consistent with sccounts of toaching ag practied wasdom {for
axample, Fonstomnacher, 1984 Richatdson, 154, Pomilobury, 199,
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some of the speeitic dynamies of teaching and learing mathematics in multilingoal
¢lassrooms, Those ground and expand the language of dilemmas doveioped.
Dilemma language captures the comploxitios of teachers' knowiedge of thoir
practice with its shared assumptions about persons, society and knowing and so
becomes a means to deseribe and exploin teachers' knowledge.

i have argued in this chapter that teaching is deeply textured and complex., Tius
is specifically so in multitingual mathematics classrgoms,.  Thus being able to
describe and explain teschors' knowledge of their practico in such gontexts (ond
$0 loarn from teachers) requires a language of deseription that embraces this
compioxity, A language of dilemmas serves this purpose, Sources of dilemma
language can be found in sudial practice theory, and extensions to dilemma
languoage found in sociocultural theaty.

Specifically, the sociocuitural theoretical framowark developud here s that
beconung knowledgeable {(both of mathematics in school and of teaching) entails
:arning 1o talk {in and as part of 4 community of practice) wiere laarning to talk
meludes both tatking within and talking about u proatice. However, the shift trom
tatking within to talking about mathematics in sehoot is not a seandess web, but
une that requires mediotion and lios in the dialoctieal prosess of toaching and
learning. In a multitingual elassroom, it is the teacher's rola to enable learners to
maove back and forth betwoen taiking within and about mathematics, botwoen
educational and educated diseourses in the classroom, and botwoen cveryday and
seiontific congepts.  But there arg tensions in this that can be analysed s
ooty that teachers face,

Furthermore, becoming knowledgeable is bound up with access to resources in the
practice throvgh thor transpargney therr Jual charactoristics of visibnlity and
imvisibility,  Lunguage is a rosouree in the glassroom.  Teachars in mullilingual
mathematics cliussrooms thus need to work with the languagos learners bring
the gloss and the language of instruction.  Horein ties anuthet tension,
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Thus it is not only leatning to talk that must be problematise¢ but also learning
from talk, Thoe use of tools in classrooms and particularly the language resources
made available for learning must come under serutiny,  In multilingua! classrooms
this becomes a particularly intercsting question:  how language 15 and 15 not made
use of and why. How do teachers manage the tensions in use of formal
mathomatical language and informat language on the ong hand, and in the
fanguage of instruction and the main language of the pupils on the othes?
Mareover, how aro thuse tensions thought and talked about by teachers?

Thus, specific to this study are tensions around the mediation of schoof
mathematical knowledge; around spontancous mathematical idcas and thoso of the
mathematical sehool community; and around language in-use in tho classroom
{(including formal and informal mathematical fanguage vsol and language as
resource for or display of mathematical meanings and leaming,  Chapter 1
described how gurrent eurricutum initiatives in mathematics are attempting to shift
to morg invastigation and communication of mathematical ideas, and to secing
ma ematics as a disecursivo practico. Thoy thus bring with them a now set of
challengos for toaching and loarning mathematics.  Crucially, we must
problematise the situation where learners' miain language is not the tanguago of
nstruction and par, Lularly tho situation in multilingual elassrooms whoery thoro aro
morg than two moin languages present, thus complicating opportumities and
possibilitics for code-switching.

it is in refation to these tensions in teaching that dilemima language becomes o
ugoful analytic tool.

7 CONCLUSION

In this ehapter 1 have drawn on socioculturdl and social practice theory, fiest to
thoorise teachors’ knowledge as situated in communitios of practice - thus
expecting commonalitios and difforenges across teachers and, seoond, to highlight
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Accepting schooling as a spoecific context, but not the priviteged realm of scientifi;
thought, and acknowledging that schosling has functioned to exclude and alienote
in socially distributed ways, what then is the role of schooling at this historical
juncture? This question takes on added significance in the light of arguments that
sehooling noeds radical change if it iz to propare people for the global changes we
face in this knowledge and information era {Young, 1994}, In South Africa, whero
the majority have been denied aceess 1o schoaoling first through gpartheid policies
and more recontly through the broakdown of schooling in the struggle against
apartheid, school continues to have status and a percoived important roio,
Vygotsky is correet in working to understand the speeificity of schooling and the
kind of leaning and development it offers. He¢ is ingorrect, however, in making this
a privileged &nd unproblematic site for highor order thinking. It is a site for higher
erder thinking, but certainly not in any decontoxtualised, ahustorical and
unproblematic way. The quality and nature of activity, and tho soecial relations in
which it is ombedded in sehool, crucially shape the quality ond nature ot thoe
knowledge appropriated in school,

Sociocuhurai developmental theory thus provides significant insight intu issues thot
confront the complexity of teaching and learning mathematics in muitilingual
school classrooms.  Firstly, tho school mathematics curnculum ngeds to be
moediated. Many questions then arise around how this is cffostively done, and
particuwiarly in relation to the concept of the ZPD. Most ZPD studies have boen
dono on pairs of loarnars - or on learner and toashar or parent and ¢hild, How
doos the ZPD function in the context of large and diverse groups of learners? How
does a teacher manage to work with and ¢reate appropriate 20008 in large diverse
classes? Sceondly, mediation is also botwoeen ovoryday and seiontihc Goncy s -
between praviously acquired mathematics and new mathematics.  How do
teachers manage the tansion batween the concoptions learners bring arkd those the
teacher wishes tham to aoequire (the porsenal vs. public knowledge) in the ¢ontext
of classroom communication and detivity, for it 18 hor responsibilty that these aro
acquired?  Furethor, how is ting tonsian thought ot and talked about by teachers?
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she 5 how the situation definitions differed both within the group and between
the group and the teacher. Importantly, and in addition to specific motives and
goals, their oricmtation to & geoboard which had them focus on the pegs rather
than the spaces or distances betwoen pegs, resulted in interesting but problematic
attempts by the group to generate effectivo scientific concapts in rolation to area.
This was compounded by the intoractions in the group itself and their limited
interaction with the teacher. i hoer attempt to listen to and understund the pupils’
orientation, and the limited time she had for this given her management of the
whole class, the teacher did not manage to mediate their spontanecus approach
to the task in a way that would have fagilitated ther undeorstanding of araa.

Tha zone of proximal dovelopment thus brings the issues of challenge and yot
supporting student conceptions and orientations. In more goneral terms, the ZPD
brings issues of effactive mediation and/or scaffolding.

Vygotsky did not problematise schooling sufficiently {Bornstein, 1893; Lovine,
1993; Danicls, 1993; i, 1888). Ono of the functions of schaooling is to provide
accoss to bodies of knowledge and ways of knowing. Hencn sehool mathematics
is about providing pupits with access to the body of knowledge of mathematics,
and of developing in loarners ways of thinking mathematically, Ways of thinking
mathematically in school are a distinctly difforent pragtice from learning maths in
evaryday life. The issue in Vygotskian theory is the privileging of schooling for the
develepmeont of sciontific and higher order thinking., Here the doevelopmient uf
camplex thinking residos only in the context of schooting. As discussed curlier,
this has scrious implications for the unschooled. Whilg it is correst to rocogniso
and vientify the specifigity of schooling, it is ingorregt to locate the dovelopmont
of scientihwe thinkmg in the formal school only.  What about, for instanee, the
appronticoship context?  And similarly, in Vygotsky we get na exploration of what
is spontangously learnod in seheol.  Schooling itself is a social context, whoro
thore is both intentional and unintentional learning.



as detormined through problem-solving under adult guidance or in
collaboration with more capable peers (1978, p. 86).

Tied to the ZPD is Vygotsky's understanding of the rolation between learning and
dovolopment: there is no learning tivat is not in advance of development {1978).
Schooling {that is, formal instruction) 'brings forth the zone of proximal
development' (p. 89).

Vygotsky did little to elaborate the concept of the ZPD himsalf. This has,
however, been done by Wertsch. In Wertsch's { 984; 1981D} discussion of
activity, he distinguishos three components to functioning in tho ZPD:  situation
definition; ntersubjectivity and semiotic mediation. As learners begin g task
constructed by thoir teacher, they adopt an orientation to tho task tnat requires,
in the first instance, what can be called the situation dofinition of the task - how
tho task is situated and defined by the loarners and teacher. What motives, goals,
noeds and values arc read into the task by the learners and the teachor? How is
the task understood in relation to its spocific classroom context? When the
situation definition of a task is shared, than intorsubjectivity (betweon the teacher
and learnors) in relation to tho task is easily establishod. it is whon situation
definition is not sharad {cithor within a group of learnors or botween a learnor and
the teacher) that mediation is raquired for intersubjoctivity to bo established. The
188u8 in adult-child intoractions is the changing of tho chitd's situation detinition
and tho kind of madiation that is roguired to ostablish intersubjectivity in refation
to the task at hand, Issues of power and gontrol and whose knowladge onter
here, but pertinent to this sreely ig that if situation dofinition is sharod then
intorsubjectivity is casier L. aligh atd mediation oasior too, If situation
dafinition is not shared, thon establishing ntersubjectivity is a8 more complex
procoss.,

Brodie (1998a), in an interesting and deteled study of o group of Standard Sevoen
puptls in a Seuth African school working on a task rolated to areq, offectively
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loarning (soo. for oxamnie, Gordes, 1985, 1988; Carraher et al, 1985; Bishop,
1988; Taylor, 1991; Dowling, 1983).

The socond implication is that the interrclatedness {(two-way procoss) of
spontaneous and scientific concepts in scheol challonges commonsense ngtions
that we always learn best whon woe move from the familiar to the unfamiliar, Thig
commonsense pervades mathematics education, and asstes - that the starting
point of any activity and mathamatics learning must be eit « & . -rote or known.
This opens up, again, pedagogical issues of how and when hew knowledge is
made avaiable in school. What kinds of scaffoiding and challenges ara appropriate
whan?

What is thus important for the fosus of my study is that, in schoeol, language is a
kay mediational means {Wartsch, 1985; 1891a). In ling with sociocultural theory
and social practice theory, if particular kinds of knowledgeability can be accessed
in schoot, or particufar kinde of intellactual functioning can develep through schooi,
the guestion then is: how might the kinds of matrnematical knowladgeability that
schooling teaehes be facilitated and/or obstructed by difforont poedagogics and
their uso of language? More spocifically, how do teachors think and talk aboest
this?

6.3 Padagogic madlation and the ZPD
In ordor to doal with the intoragtion ef scientific and spontanoous coneepts, and
to further elabarate his cultural law of davelopment, Vygotsky posited the notion

of the Zone of Proximal Devolopmant (Z2PD).

Thea 2P0 is:

the distanco between the actual development level as determined by
independont problem-solving and the lovel of potential dovelopmont
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The interview schedule was piloted on Helen, Teachor 1, and found te be
ciiective. The intention was that it 1he interview quoestions veery inadequate, o
follow-up interviow with Teachor 1 could have been arranged. This proved to be
unnecessacy.  the remaining intitial interviews were verducted at the teuchers!
schools or in sy office {at the teacher's chuico) o o dfter the interview with
Hilen, th s is, during April and May 1842 as follows:

TEACHER 1 MC HELEN % APRIL 1982
TEACHER 2 MC SARA 15 APRIL 1902
TEACHER 3 exDET  JATU 8 MAY 1892
TEACHER4  oxDET  THaNDl 12 MAY 1982
TEACHER 5 PR CLIVE 30 APRIL 1992
TEACHER 6 PR SUE 6 MAY 1892

NO two intervievws proceeded in the sume vy beosauso ’mch teacher raised
ditterem ssuca and ehafienges and thesy were followod up i the gontext of tho
interviow.  The sehedule served as the crucial reminder of arcas that ncoded to bo
covered if they werg not spontancously brought up by the teacher, Tho approach
in the intorvicw was informal and eonvergationagl in tho sense that the researchor
followsd on from poings raised in the attompt to probe, havo teachors exemplify
points they mado, peint out things they had or had not mentioned, and
cammuntod on issues to proveke further diseussion. The underlying objective,
howvever, was to elicit as mueh discussion from theo toache: on the &S 2
passible wittaa ar Laotr and o hatf,

5.3 Oblsarvations and impressions of the divorse schools

Diverse schooling seenarios that | have deseribed elsowhoro {Adler, 198%10) waore
axemplificd in these schools, The interviows in the two ox BET sl ools were
conducted in small, sparsely fumished afficos for use hy Heads ef Dopartenents in
tho sehool, roflogting Bmited roseuicos in oaeh school.  During each intorview,
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e Appentix A} waoo designed to ehiot discussieh frun weachers on the gontext
af thoir work {Oucstions: 7 and 8, 17 and 203, their boekiroonds and viewes about
mathematieys and teaching it in sehool (Questions 1.6 and 912, 19}, as vl os

specific languoge reluted questions {Questions 13 181
The three open endid Koy questions weres

1. Doeseribe the contoxt and ethos of your sehool,

2, What for you aro the gonerdl tusks and challonges e teashing ganior
sesondary mathematics e your school? _

3. More spegifically, whint Tanguane issues do you fuce in your mathimatios
toaching at this level??

Somo of the speaific prompts that accompaniod the sceond quishion reiated to
stratogics they used to addross chullenges in slass, i addition teachoers wers
askod te deseribo a typical lesson (nd ta share what for them weoere their rowards
in fenching.

Tho purpose and funation of the first twe Koy queshoans was to be abla to relute
knuwilodgo of the dynir “ies of teaching and learning in multiingual elassrooms o
coneeptions of mathematies and teashng and learmng in gonesal - thus reflecting
a viow of currgulurn as relationid and in the interaetion betwoen ek Subjeet
mattor), learaer, teachor and ¢ontext (Seo 6.1 belowl.

Thus the snitiol mtorview ean bo understood as dehbarativos

+«« tho centrid issue of mothed is to bring tho rescareh questions and

data colloation intu a cons stont relatignship, albait an ovelving ene

. . Framing resoareh questions explicitly and soeking relovant data

daliberatoly, enablo and empawer intuitian ratber than shiflo i,
(Ernckson, 1986, p. 140)
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5.2 Tho initkad intorview

Tl ivntil interviews in this study were interactive and setd straetured (Fliteheock
and Hugheg, 1988, p. 83; Cuhen and Muanion, 1888, pn $00). Tl ncans thig the
interviow gssumes tha appearance of o nataral interestiag conversation, but is
novertheloss controfled.  The interviewer *guides and bends to the service of his
research intorest’ iHiteheoek and Huglies, 1989, p. 79).

What is meant by senn steueturcd is shoven in the hterviow Schicdule in Appendix
A; Thors wer koy guoestions to Lo explored vath each of the Six teachors, as woll
Q8 & series of prampts of Sub-gueston within each &y queshon, 1 other worids,
the initial koy quostions pesed woero open-ondod, with possibilitios for herther
prompting it this became necessary. This sers structured Jorm was te ensure that
all feachors were asked the samy set of Rey guestions - that vath cagh thiero was
& qonvarsation on Key aspects of their work in multdingud! mathomabes
classtooms. At the same time, it was possible to follow the flow of what cach
teacher otfored and so enoghle thore (hiferonces to emierge ond shapo thoir
intorviow,

Theso initial interviews thus it Hitcheock and Huyhieg®  deganption of an intérvinw
as "talk to some purpose’ (1989, p. 79}, Internviews are sittations and thus the
aceounts obtaingd aro situdted accounts, The intosviowoe is always implieated in
the interview, 1o matter hovw unstructured at is.  Anyway, anstructured doos not
imply o lack of structure or pianning {Hiteh¢oek and Hughos, 1989, p. 87;
Burgoss, 1982, pp. 107-8). What is impliod in an undorstonding af tha interviey
a5 a4 'conversation with 3 pueposo’ 18 that the interview i a speec event and thus
must be seen in seciolinguistic torms - as ¢o-congtrustive, und in & eantext,

Boeause contoxt so obviously ahapes what is possiblo in South African schoaols,
and bacause views and beliofs of knowledgn are situated, tho interview sghodule
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harmengutiv (Smating, 7992). 1t is thus crucial thit the rescurch progess iy fully
described and itsclf becomes an object of study.

B THE RESEARCH PROCESS

One of the tasks in reporting fisld research is to describe the purposos of the
rescarch tod ° yy it dovelopad aver time: to ‘inctude details of ficld-work, data
calluétion and methods for keeping fiold notes, but also an aceount of the process
of data analysis’ {Rose, 1982, p. 125; Erickson, 1986). This and the next scetion
fullil this purposae,

5.1 Setting up access

As diseussed, there was no straight-forward aecess to sehools for roseargh
purposes in the early 18980s. In March 1982 [ approaghed sceven teachers, two
or throc from each of the three difforent kinds of classroom contexts described
curlior. Al wished to participate in the study and weore happy to be interviewed
and videood.

I then communicated with cach sehoel pringipal and obtained permissien te {a)
intorviow tedchers, and if toachers wore willing, to (b} observe ind video them
teoching and class later in tho year, Early on in this progoss, difficulties in one of
tho schools foreod ono of the toashers to withdraw. Fortonately, this did not
upsot the spread across the dfferent sehools,

Whilo | designed the stedy to minimise time spoent ebsaerving in scheols, given tho
cantinuing turbulent palitical and educational context, 1 did nat naively expoct an
empiriedl prejict with wachers that includoed classreom-based research agtivity to
simply procood smoothly to plan, however gommitted the teachors. Surprisingly,
ather than ono eachor withdrawing from the warkshops, all othor data collection
activities proeoaded to pian,
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1. un ioitial (tape recorded) semi structured, in Jepth, interactive interview;

2, u report-back to teachers interviowed to disguss and particlly validote
(Sitvernuin, 1993, p. 159 my initial analysis and interpretation of the
interviows;

3. up to thrae hours of vbservation {videotaped} of Gt least two consegutive
lessons in one or two of cach teacher's elasses;

4, a reflective interview with cach teacher un tha video of their classroom/s,
and

5, a serios of workshops (three in all) on issues and aspects of the data that
the teachers themselves wanted to discuss with vach other and to pursue.

Data were thus gatherod in different contexts and through different activities,
related to both what teachers said and what they did.  Theso differont fors of
data we.  ta onable rich deseription, diverse perspectives and veoices, and the
crucial aspects of reachers' knowiedge.

With tho exception af {2} above, all interviows and waorkshops were tapa-recorded.
Ficld notos were written imnediately after the mecting that was not recordoed,
Videotext of classroom practice was supported by ebhservational ficld notes.

These data coltection processes wore mutuadly developmental.  The initial analysis
and interpretation of tho first set of Interviows framod aspects ot the video
rofiections, The video rofleetions raiscd issucs of mutual and independent interest
for teaehers to share with each ather. The follow up workshops becamo
opportunitios to furthor explore issucs of interost to the teachors,

Intorwoven with these data colleetion methods was what is often regarded as the
mast important resoarch tool in qualitative rasoarch, the roscarchier herself
{Smaling in Meulenberg-Buskens, 1893). 1t1s expected that both rosearchor and
researched walt ¢hange in and Jhrough thar interaction over time; this 1s the double
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()  pragmatically - teachers | knew, and who, given the pofitics of the day,
wire ablo and willing to neqotiate and/or enable accest to their schouls and

classrooms.

In short, all six teachors wore fully qualified and expericnced sceondary
mathematics teachers with o personal and professional imerest in the study, as
well as a wilingness to participawe in the process and facilitate access to thei
schools and classrooms. Thus, in addition to a theoretical and purposive sample,
this sample of six teachors was also an opportunity samplie {Cohen and Manion,
1989, p. 103; Rose, 1882, p. 121).

As Silverman (1993) states, ficld research studies are usually based on one or
morg cases which are uniikely to have boen randomly selected and maore likely
chosen because thay allow access, This raises questions about the Size and
representivity of the sample.  As regards reprosenitivity, the i-ssue is rather one ot
the genoralisability of cases to theoretical propositions than to populations or
universes.  That is, the issue is tiod to theory-building wiwch can then bo

transforred to other cases and contoxt, {p. 160},

4 THE RESEARCH METHODS

As argued carker, in order to fluminate teachers' know  <4ge, two sources of data
weore needoa: it wae noeessary to talk te teachers, to have them talk about thaeir
practice; and dati. of actual classroom practice was aise necded, as well as how
teachors justificd and explained what they did.

kence, interviews with =« .. w58 had to be supplemented with wvbservations o their

glassrgom praetice. anst thair rofloctions o theso. Tho mathods used to collect
data wero:
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3.2

wore poorly resoursed, and in the previous decade, a learning culture Td
alt but broken down®, The bluck srate sehool teachers in this stady, Jabu
and Thand, were both Atrican und Tswana speaking. As mentioned eatlier,
many, but not all their pupils waere Tswana speaking, Jabu was Teacher 3,
and Thandi Teachnr 4.

Two private (PR) schools which had predominantly black pupils who did not
have English as their main tanguage and braught a range of main languages
t0 alass, as wall a8 a range of proficiencies in English,

Fapils hore included African, Indion and gotoured children and youth, and
thus some (though fow) might have English or Afrikaans as their main
lanquage. These schools were well resourged and most teachers werg
English-speaking. The two privato school teachers in this study, Glive and
Sue, were both white and English-speaking.  Clive was Teaecher 5, and Sue
was Teachor 6. Glive's school wos predominantly Aﬁit:an.

More about the teachars

I further selocted theso six toachers aseording to tho following criterios

{al

{o}

(c)

academically - cach teacher had testiary mathematies qualifigations, and
thus there could e ne quostion as 10 the soundness of their mathoematical
knowledgo;

profassicnally - cach teacher had at loast 3 years of teaching exponience,
soma rocent Oxposure to lngaagoe issues ether in in-service courses or
further study, semo participative mvgivement in mathematics cdugaiton
bayond the school, and some were trying now language-rich pedagogeal
approaches in thoir alassos:

motivationally - teachurs who waorg interested in the study and withing to
partGipate; and
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whore aceess to the school was possible.  In addition, the design needed to
provide access to what teachers said and to what they did i their teaching. The
design would need 1o draw on athnographic methods of participant observation
in schools, and on case study - where partiular cases are examined in context
and in multiple ways.

3 THE SAMPLE

3.1 Tho teachers and their schools”

As with ali fiold research and gualitative mothods, the stmplo in this study was

small, purposive and thooretical {Rose, 1982, p. 121; Cohen and Manion, 1988,

p. 103}, Six secondiary mathematics teachers, from the threa different multitingual

contexts described above waore selogtod, that is, two teachors from cach of:

{3) Two recontly desegeegatod histori Slly white stute-schoo!s {horeinaiter
Madel C {(MC} schools}).

In both sclectod MC schools, Enghsh was the dominant language in and
around the school; toaching staff remains white and English-speaking; thorg
werg ingre asing numboers of pupils with other main languages - hence
classos in these schools were muiltilingual, Both schools wore adoguatoly -
resourced. Tho two participating tenchers, one from oach school, woro
both white and English-spoeaking. For rofarence purposes, Helen was
Teacher 1 in this study and Sara, Teacher 2,

(b}  Two township-based black state Department of Edueation and Training {ox-
DET} schools.

Foere, neither teachers nor pupiis had English as their main language. In
addition, thoy did not ot share the samo main langquage. Thoso schools
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mathematics, their aeeounts and actions are fikely 19 contain commonalitics. Sugh
gsimilaritics and differences could Ho very illuminating,

Moves in the country ta a more unified snd less racially fragemntad cducation
system arguably made it more appropriute to set up a study so that teochers from
each of the three language contoxts described above could contribute, as opposed
1o focusing on one of the thiee contexts. While working agross three contexts
would inovitably mean less depth in each, the complexity of teaching mathematics
in muitilingual settings could be more widely explored. Hence the degision to
desigh the study to work across thoe three language settings described ahove.

There wore additional factars militating, against cither a long torm ethnographic
study or a dotailed single caso study, Black state schools, despite moves towards
a new order, wora still politically very turbutent during the poriad of the resourch,
A long term presence by a white researcher in suech schools was not only unlikely
but alse potontially unsafe. Townships near Jehannesbu;g ware voiatile and
unpredictabie and not always safe to travol in, partieularly for a whito woman. it
was thus Hll-adviged to sot up a study that relied on stability in s¢hools and the
attendunce of thoe rescorchor over time, Even the fimited travolling that was
required brought unexposted dangers. Theso aro claborated bolow,

Maore generally, the tightly controllod apartheid systom of oducation was viewed
by many as illegitimate. Aceess to any state or statn-gidod sehaol by researchors
at that time was, (or various reasons, often blocked. In tho transitional and
turbulent momont of this study, t folt restricted to working with teachers | alroady
knew - teachers whom 1 could approach whero thore were sufficient levels of trust
in bath directions and teachers whe would be able to gain ageess for mo into their
schools,

Hence a desigh and a sampie were roguired that did not depend on extended timo
in any enc $¢hool, that captured at least throe different language contexts, and
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language of all pupils. Moreover, pupils bring to the ¢lass a range of home
languages.

in contrast, the numerous state schools that were historically African schools
remain African in student body and teaching staff. Most such schools are still
under-resourced as new non-rackal government departrents of oducation struggle
with limited budgets to effect wide-ranging changes. Large classes prevail, many
teachers are under-qualifiod, with less than throc years post-matric teacher
education, and material resources are few and far between. These schools hove
also been significr.atly affected by political activity and instability over the past
two decades. In urban black state schools, many teachers speak English fluently,
but English is not their main language. Despite apartheid's attempt to keep othnic
groups separate, toachors, particularly at the sccondary level, wili share their main
language with some, but not necossorily alf of their studonts. For examipte, in tho
two black schools that are part of this study, the teachers involved and a number
of their-pupils are Tswana-speaking. However, some pupils had Zuly, Xhosa or
Sothe as their main language. In this sense then, those classos are racially
hamogencous but multilinguai.

Givan this linguistie diversity, a ¢choiee had to be mado as to how best to study
teachers® knowledge of iheir practices in multiingual classrooms. A full
athnography ur case study, for cxample, would moan sclocting ong of the
linguistic contaxts as a tutus. This would pravido rich and doep insight into the
teaching and learning in enc particular setting, but could not access the different
kinds of knowiedge teachors might have as a result of teaching in varied contoxts.
With an undorstanding of knowledge as situatoed, teachors from each of threo
different contexts could bo expectad to have similaritics and differencos in their
knowledge. Teachors in and from diffarent contexts are likely to havo differont
accounts of their pragtices, and aro alse likely to act in difforent ways.
Simultancously, howovor, singe thay share the practice of teaching secondary
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areas. [t is really only in the citios saud historically white towng that caciatly mixed
schools now exist and will axist in the future.

Tho deracialising of state schools began during the procass of negotiation to a new
order in South Africa {1991 - 1994). Within its ragially frogmented cducotional
departments, tho apartheld government of the day created State-nided, or "Model
€' schools. Most historically white, coloured and Indian schools become, and
remain, state-aided schoels, In financing and governance terms, these schools arg
quite distinct from private sehoois on the ono hand, and stote schools on the
other, While state schogls aro fully fundod by government, state-aided schogls are
only 76% funded, State-aidrd schools were given groeater autonamy aond control
over their propertias, admission eriteria and governanco.

The croation of Modol C schools resulted In at least three distingt multilingudl.
secondary schooling contexts in South Africa where English is the language of
instruction™ {1) schools whore the teacher and some pupils are English-speaking,
but a number of pupils in each class would not have English as their main language
{Model C schools, and soma private schools}); {2) schools whoere the toachors are
English-speaking but none of the pupils have English as thoir main language (some
private svhools); and {3) schoals whore neither the teachors nor the pupils arg
English-spoaking {state Africon schools},

Thoso diverse multilinguel contexts are likely t© remain on the South African
gducational canvas for somao time, despite propusals for @ two-tiered system
compriging only public and indapondent sehools {Bot, 1996}, In addition, it is
important ta acknowlodgo that within tho oxisting threo tiors, thero is groot
variation across schools. By ond farge, Modol € and private schools are
adequately resourcod and well-functioning. Appropriate financing and goverance
steucturos and procosses oxist in the schoole, Horo, while the languago of
instruction {English} is usually thio main fanguane of the teachor, it is not the main
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motivated and described velow,. Moreover, sehinols peeded 16 De acoussibile to the
researcher by car, and the research agreed to by the school and teachors,

2 THE FIELD OR THE WORKING UNIVERSE

in his clabaration of ficld research, Rose {1982} distinguishes between the
‘general® universe whigh is 'the universe of phenomena to which the theory
applies', and the "werking' universe, 'the sot of all empincal umts which the
rescarcher defines as the basis of the study, and from wiich a sumiple is sclected’.
The general universe in t™is study is ‘teachers' (p. 56}, The working universe s
secoendary mathematics teachars in urban muitilingual s¢hools in Juhanngsburg and
neighbouring black tawnships® where English is the language of instruction.

Schoois itr tho Johannesburg arca vary cnormously, refleating the race and class
legacy of apartheid with its overt racial and mere cavert agonomic segregation,
Until 1994 there werae enly two official languages in South Africa, B glishy and
Afrikaans. Language policy in African schools was mather tongue instruction for
the first five yoars of primary school, From Std 3 or grade 8, the language of
instruction was officially cither English or Afrikaans™ In 1894, language policy
ghanged. It is now more flexiblo and accommodating of the clevon offigial
languages. English remains the primary language of government and the language
ef commorge and is thus likely to continuo to bo the fanguage of instruction in
sacondary ond tertiary cducation,

In addition to changoes in languago pelicy is tho changing rocial compaosition of
pupils in some schools, Historically rocially rostrictoed white, coloured and Indian
only schoals are now increasingly multiracial with ingreasing numbuers of Africon
pupils. Private schoals have long boan racially desegragated, some singa the late
1870's. Howaevar, given the demography of tho country, many Afriean schodls
will remiain with o total African student body, particularly in township and rural
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code onee agdain againgt the new ¢ teqory of "dilerinmas’s Thuy the claimg in this
thesis that teachaers face dilemmas, wad the articulation of what <hese dilemitnias
are, are the outer  » of systematic examination of ovidenco.

Ag Marton (1988) arguey, categories of doscription are research findings. They are
the primary outgome, the most important result.  In this stud -+, cateyurnies of
desoription are the means to interproting and presenting the research findings
refated to tho initial interviews and teachers® aticulated knowledge.

In this intervievw data analysis, what gan be scen is that:

In field work, induction and Jeduction are in constant dialague ... It
is truo that spoclfic categories of observation are not detenmined in
agvanco of entering the field sotting as a participant obiserver, 1t is
dlgo truo that the researchor idontifies conceptual issucs of regearch
interest before entering the Geld setting.

{Erickson, 1986, p. 121)

The analyss is ae¢ither one of unspoilt or unframed grounded theory, Nor is it an
attempt 1o fit datu 1o pre-oxisting cateqories. 1t is rather a dialestical provess that
involves both inductior und dodugstion, theoroticully informied thoory genoration®,

Chapter §  describes, interprets  and  intorrogotes  the  janguago-rolatoed
eommanalitios, divorgonges, prasences and silences in the golloglive account of
tho teachere’ initial interviows, From my perspoctivo as resoareher,  these roveal
how differont contoxts and conditions givo nse to different language related
dileramas for toachers as thoy go about their work™,

8.2 Analysis of actions and refloctions on actions - the analytle narrative
vignottas

Amlysing and reporting quahtative hield researah is 1 gomplea process. Mueh has
bean written in relation to tho thuoratical presuppositions and rosearch skiils
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or finteraction', or the need for texpliot karfuage teacting'. Language was tatked
about in relation to working with "English ag additional kinguage' {or morg
conunonly Eaglish as second language  BSLY, ar dealing with the specifies of
'muthematical diseaurs’, or fand overdapping with pedieiogy) as "eotsmu weation’,
In this second lavel of analysis, categorias wore grounded in the data iteelf.

With the above twa "o lied gategory framework it begne possible to generate
a map a8 above} of o D interviewen's response catogonries.  YWaith these maps,
similarities and  differences botween what the teachers empliasised became
apparent. In other wards, it became possible fo atlend to presences and sicnces
within and geross the gix interviows,  Intorviowse maps are wepresentind m
Appondix C. This pracess of mapping and comparityg U intervicws shifts over
inta a form of guantitative andlysis - whero a formi of counting facidates Gnalysis.
In fact in thig study this 'gounting' was a koy to identifying dilormmas, and thus
supports Silveérman's argument that such auantitotive toahiniguos are olten
important tools in overall qualitativo resoareh {1993, p. 162-5). It goes without
saying that this quantitativo analysis was groatly facilitatod by computor coding
of the data intorview data. Cateqory summaries for cach toacher varp generutod
at the toueh of a button.

As intimiated, tho notion of difemmas emergod in this eomparative and Qrantitstive
exoreise. Thig is thon a third leved of gategoariaation and abstraction. | noticed that
teachors in situations of ehange had more dichotomous acéounts, moto difemma.
type oxpressions.  Trachers who had tned té ehange thair pedaqogical approach
had thelr takon-for-granted assumptions about gooed classroom gommunication
shaken: and teachors whose elasses had rogently and rapidly deraoialised had
begama particutarly sensitive to aid aware of thor awn and their pupils' uso of
[anguage in their muitiingual classronms. Meoroover, within a social thoory of
mind, it makes senso that particular kinds of practicos load ta and shapo particulae
kinds of ONSCIOUSNOSS - these sots of teaching exponenges woukl thus be niwrg
pxplicit in somo teaehars than . othera, | i s retumod to all SIxOnenacws o

1Q7

et



It wais possible 10 assinn vvery utterance m il six interviewy aither to @ view of
mathetmaticad knowledge, eaching of teacher, learning o learber, poedagony {the
relationstup between teaching and learning), of to langoage.  (Or of course, to
mare thint one of these), It addition, witlin each broad catemry, utterances
could be further coded to 8 seeond tevel of categoty analysis, Ditterent ways that
rathematieat knowlodge was talked about eouid be deseribed, for axample, as
‘the basies', ot as freasoning’, of ‘content' or ‘process'.  Different ways that
pedagogy was talked about could bie describied as emphasismg meaning musking',
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Here | liave turncd to the ethnographic use of analytic nanative vignettes
{Erickson, 1986}, These vignettes serve the dual fungtion of prowviding o wiay of
working with the mass of data gonerated a8 well gs claborating the didgmma
language doveloped through the initial intervicws.

Both strands of analysis were greatly facditated by the transcripts of topo recorded
interviews and well as the video text.  As technological cesources that could be
roviowed over and ever again, they enabled traval back and forth in time and
space and thus a capacity for complotoness, reduging dopendence on abservation
and tield notes. Of course, moching recording also brings lomtatans:  events can
ho viewed avor and over again, but contoxtual information can be lost.

6.1 Analysis of tha inial intcrviaws

Eaeh intorvicw gunerated a great deal of both structurcd and unstructured data,
As is raquirod of gquahitative data, systematic analysis of the interview data
eecurred ot incroasing levels of abstraction {Woods, 1988; Ericksen, 1986;
Marton, 1988; Hutchingon, 1988). Notwithstanding the initial onatysis that had
aceompanied the data collection process, my starting point, or first lovel of mare
systematic and rigorous analysis and organization of the intial interviow dota {(8oo
figure (i) betow) wos acearding to:

fi) five intor-rolated broad eurdiculum garegenns, mathematical knawledge,
teacher, learner, comext, pedagogy. adapted from a relational eoncoption
of curriculun {Christianson and Walther, 19863; and

(i} Vygotsky's notion of haguage us ieediator.,

Caratut attontion or 'listening to the data’, although inevitably siaped by my
exporionea with the ficld of fanguano and methmatics education, led 10 the
gonstruction of sub-gategories iflustrated in Figure (1) helow.
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At the end of 1993, 4 nunmiber of thinag woere apparent 1o ol the teachers and
myselt: (1) the data callection prociess hod bison a parbicipative ane and geborative
for the teachers. Throo of the six had started forther Study in the university and
had duveloped their warkshop discussions into actien rescarch projects; (21 the
workshiops and meetings had been a ‘safe' pioce {eutside of particulur school and
staffroom pobties) to discuss issut s ob iiterest and congem that were often
otherwise didticult; (3} the process develaped its owe direction ot d momentum
that was teacher-ted, und while within the projoct and with @ focus on lanfuage,
the specific interest in multibngunt classroonss eften stippid out of view, The
overday of learning in on additional inguage hikd an CuBIVERess as teachers
confronted the picture of their teaching. Many of the issuas diseussad, while on
larguage in general, werg not necessarily specific to the cantext being muttilingual.

Thus, a first lovel of snalysis was part and pareol of the data eellestion progoss.
This frst level of analysis is @ somewhat superficial centent analysis and 18
reported in Chapter 4. However, what was now reguired was @ muelh more
datailed und in-dopth cumulative study of alt the data gathered, and an attempt 1o
grapple with the rescarch questions about what teachers said ond dwd about thinr
practicos in muitihngual clissraoms. Tho process of this mord extensws data
analysis is doseribed bolow,

6 DATA ANALYSIS AND INTERPRETATION

There are two key strands to the data analysis e this study.  Erst ig the analysis
of tho wutial intorviows whera attention & foeused on the davelopment of
eatcpories of description of what the teachers sind about o procuces n
multhagual elassraoms. It was dunng this process of deve® wag eatogancs out of
the eata, and thon systematically categorising all the interdows, thut thy notiun
of dhlemmas emorged. The second &5 the more compheated task of making senso
ot the videe taxts, refleghive ibterviews and follow up workshops, that %, makimy
senso of what teachars did and how thay justifeed and roftocted on ther agtna.
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5.8 Threa reflective workshops

Thrae reflective workshops, ong in sach of the first three schoal terms of 1993,
teok piace on Saturday afternoons (20 February, 18 May and 7 August}. These
are referred in Chopters 4-7 as W1, o, W3,

At thi February workshop cach teacher prosented an excerpit from his or hor video
that they wished to discuss with the other five teachers. At the May and August
workshops, teachers presented and discussed related work they had foflowaed up
in thoir ¢lassrooms. Each warkshop was tiape-recorded and transcribsed,

As ¢an hoppen in any long term rescarch proeess, one of the teachers, Jabu, did
not attend any of the workshaps, Ho held twa teaching jobs, ono that involved
him ait of Satusday mornings and while he said that he would bu able to attond in
the afternoonr, he did not arnve. | mot with him after the Fobruary workshep to
share cur discussions, to ascertain whethor there was :'uw prublem and to
angourage his important contribution to cue dokiberations.  Dospite bis assuranues
that he eould and would eome, and that he was intorested and wishod te contirue
peeecipating and even with reminders from mo an the diy itself, he never arrived.
Thig of courso alters the balaneo of teashers in the workshops, but ag these are
only one § of tha data, and are used primarily to support othor data, Jabu's
absence fram the workshop did not detraet in any significant way from ths study
us 3 whole.

In the whole data collection progess relctad to toachers® justifications and
refloctions, what was intoresting is that the teavhors' ghoices from thow videos
for workshop discussions wore quite ditferent from aspoets of thor videos hat !
had tound intoresting {in rolation to the studyl,  Given work prossures, howaover,
1 had time anly to recard each of tho workshops, transeiibe and think about them
in areparation for the nexs moeeting and attempt te raise questions and keep ahve
the focus of the Ltudy - working m muditilingual classrooms.
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The vigoo interview with Halen {T1), for example, is referred 10 as VI, and each
of tho six interviews took place us foliows:

VI1 - Mon 16 November
Vi2 = Thurs 26 Noverrver
Vi3 « Thurs 18 November
Vi4 - Mon 23 November
Vi - Wed 18 November
VI6 - Tues 17 November

The follow-up interviews with teachers were more complex than [ had anticipated.
I advisod that we would lot the tape cun until there was something the teacher
wanted to tatk about, and that 1 would also stop the tape at tmos and ask
questions. {was intorosted to hoar toachers' spontangous interosts and selections
and 50 initially held back on some of my questions. The mam reason for this was
{hat | scon Decame gware that there was not negessarily good overiap betwoeen
what | and thay focused on for refiective discussion. In addition, there were three
hours of vidoo for cach teacher and not moro than two hours of intorview timo.
i did, howevor, mako sure that meidents that | interpreted as having ¢+ rticular
relevance to tha study {that &, language issues) wore discussad.

Aftne tho reflogtive intorviews, the teachors themseolves were mtorosted to share
ond ‘liscuss what thoy had learat feom their vidoes with the otner teachers.
During 1993, throe workshops were held (February, May and August 1993) whero
each of tho teachers discussoed aspocts and v cerpts from their videos with the
other teachors,
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classroom walls usually contained APLA puosters, T was tokd, but popils iad

ramoved these for the videuing,

Videoing on the sccond day in the second blagk school saw a repoat of what
happens later in the day in many schools, and wint } obsorvedd during the initial
interviow: while the pupils in the class being videged were prosent oft 2 the
second break {they enjoyed being Kimed, ! was told), much of the rest of the
school was dysfungtional,  Classraoms on cither side of us had no teachets.
Morgovor. many pupils had left for home, or wherever else they might go, The
teacher vold me that there had been diseussion with the staff as to whether |
should obscrve and video in tha schoot at that time of day, They agrend that 'the
truth will out', anyway, so why try to hide the roeality «f thoir context,

The day-to day functioning of the remaining foue seheols was "normat® {pupils and
teachors arrived and loft en time), Howover, those with ruht‘tivciy large numbers
of black pupils novortheloss facod pupils whose lives outside ut suhoul wore eften
traumatised by increasing lovels of violonge.

5.7 Rofloctiva vidao intarviows - stimulated recall: toachars’ justifrcations and
rafloctions

Rotloctive video inteeviows wirg held with cach teagher during Nevomboer 1992,
Each teacher had boeen given a copy of the videe to reviow and think about before
the reficetive interview, Tho reflective intorviows wore tape-regorded and  oach
was argund two hears long, They waord condusted either at the teaghee's schoot
or m my office, aceording to caeh toacher's wigh., in tho two hours, tho tachors
were first agked if there were any g weral gommeoents thay wishad o make or
issues thoy wished to discuss before we lookod at the video text. Thereafter, tho
viicutape was dllnwed to run until the teacher, or |, wishod to dseung an opsouds:
1t was then frozen and somoetimes roviewed o arder 10 fagilitate Jncussien.
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observe each lesson while it was filmed by a professional video phatographer,
There was to bo no extruordinary planning tor the lessons, However, we did try
to co ordinate planning in such a way that {i} teanshers would be teaching topics
which they thought would reveal interesting language issues, and i) wachers
teaching the same lovel were videood teaching the same content,

Sue (TG} and Sara (T2} were videoed teaching Std 6 geometry {the triangled Chive
{TS and Jabw (T3) wera toaching Std 7 ratio; Helen {T1) was toaching Std 8
trigonometry and Thandi {T4} was teaching Ste. § lincar programming.

Videos and obiservations of caeh teachor securred ovar two or threo consoeocutive
teaching periads {some waero dauble} during September and Qcetober 1992, The
photographer was instructed te focus on the achor and her or his interactims
with tho class and/or groups of pu !s. Tho objoet was to eapture thoe teachors!
actions. While these are never scparate from the whole cla§s activity, and quite
difficult-to gapture in a pupil-contred ¢lassroom, it remained important to have @
consistent camora focus across tho six teachors and their clossos. (A list of
abbrovioted reforenees to the wideo texts and observation notas gan be faund in
Appendix D.)

Stark differences aeross schosling conteats word apparent. At both black schools,
the harsh realities of teaching and working in such sehools wore exemplificd. Tho
seeond day of videoing in the one sechool saw onty half tho elass, with the
remainder at a funeral of a young male from anather sehoot Killed in @ political
slitah, On tag way out of tho township 1 in faet drove into the crowds roturning
from the funeral and was sharply rominded about the danger of township life, On
tha instruction of the photographor with me, 1 took the ear up and over @
pavement to get out of the crowd which wo bath knew eould turn ugly at any
paint. Thie school was in a Pan-Afnicanist Congress (PAC)-dominated area and the
teacher told mo many of the pupils suppart its armod wing {APLA),  In faet,
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documant and is rererted to as RBS (sce Appendix B). On the ather hand, this
meeting served o includn the teachers in the research process.

Because the meeting was initially concaivod of as a validation and participation
exercise, and not as coniributing to the data for tho study, it was not recorded.
Rospondent vatidation has, in fact, come under attack:

- thore I8 NG reason to assuma that memboers havo priviloged status
08 commentators on their actions .., such processos of so-called
‘validation® should be treated as yot another sowee of data and
insight,

{Fielding and Fielding, in Silvenman, 1993, p. 159}

Tho moeting was an occasion for teacher participation in the rescarch. My
mistakon concaption of the validating function of the roport bauk begamao cloar to
m¢ during the mgeeting. As teachors communted on and diseussed my summary
l quickly: realised that while this moeting did serve to clarifly some aspects of my
interprotation of what teachers had articulated in their intorviows, it was much less
about validation of my interpretations, and morg a context where teachars talked
with each other about their work, It thus added to the data-base of tho study as
8 whole. As a result, notes ware taken during the moeeting and olaborated as fiold
notes directly after the maating. {Theso are roferred in Chaptors 4-7 as RBEN.)

At this report back moating, toachers expressed thelr commitmoent to continuing
with the projeet and agreed to be observed and videocd for ot lpast two
consccutive lesgons with ono or more of thoir ¢lassos during September and
October 1992 and to give time to fallow-up intarviows and workshops.

5.6 Closstoom ohservation and videos in schools

Each of tho six teachers was videned for Gt feast three hours, It was agreed that
videood 10ss0ns weie to be part of the normu programme of teachng. | was to
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in mathematics teachor associations and through this activity and my taaching, |
have come to know a number of sccondary mathematics tcachers in the
Johannesburg region. This professional location means | am familiar with the area
of study {language and mathematics) and have a g -afessional relationship with its
working universe. | was thus able to approach teachors to pacticipate n the
study, toachers whom | knew had some knowledge and interest in the area. Some
had participated in teacher in-sorvice courses that | had run and others had done
some post graduate study in my departmont and taken ¢ourses | offered.

This familiarity brought both strengths and limitations to the rosearch. Strongths
lay in the already cstablished relationship of trust botween tho toachers and
myseclf, as woll as a shared and acknowledged intercst in the projoct.  This
nevertheloss constituted a spocific sample and raised questions about ganeralising
from the study. Farniliaritv at tho same time imposes imitatong: bacause toeachorsy
know me and hence knew < .me of my professional interests, and, moroovor,
because in some instances | had haen their 'lecturer’, they could have wanted to
please me in thaelr interviews by expressing viows thay thought | approvod. My
participant observation could also have been oxperienced as ovaluative. |
attempted to minimise thoso offeets by as.unng them at the outset that they were
in no way the objects of avaluation in this study, but rathor sourgos of knowledgo
in 9 difficult arca wiere it was important to confront tho realities they taged in
thoir complox classroom aGtivity.

5.5 Report back on the initlal Intarviows

The report back vn tho initial set of inturvicws took place in June 1992, Thig
meeting haa o dual gurpose. On the one hand it was to clarify and validate my
initiad analysis and intorprotations of the interviows, What | had managed for the
Junc meoting was a first lovel content anpivsis of the transcripts of each
interview. This was presented to teachers for discussion in the form of o summary
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there were a number of interruptions as other teachers entered the room. At ong
school, the intorview took place at the beginning of a break as the teacher was
free in the periods following. Despite o bell dianalling the end of break and o
return to class, thoe teacher deow my attention o the continuing noise and the faget
that the bell had by and large been ignored. At that sehool most pupils chose not
to roturn after the second break or to gcome back in their own fme. As | left,
pupils were moving in and out the main gato; three class ooms | passed had no
teachers in them. Here was first hand evidenee of the broakdown of a learning
culture in blagk schools that both teachers totked abowt in their interviows,
Morcover, this school is opposite ¢ migpunt worker bostel that had resently been
the sgane of vielent confrontation between African National Congress (ANC) and
Inkatha Freedom Party {IFP) supporters. The teacher explained how that conflict
inovitably spilled over into the sehool. Some Mondays, at the start of a new week
and the end of a violent woekend of clashes, approaching the schoot gate involved
passing dead bodies.

In contrast, the private and Model C sehools were distanced physicaliv, though
not entirely emotionally, from the conflict in tho townships. Sema pupils in theso
schools lived in conflict ridden townships. Novortheless, these Tour sehools ware
caim, ordered, adoquately or even well resourged and functioning as one would
expect schools to function.

After the initial interviows, tho rescarch process deponded on what had gone
bofore, with a key instrument being myself as researcher and interpreter of data
gollectod.

5.4 The reasarcher

| am a white, English-speaking South African and a qualified secondary
mathemates teacher, Since 1986 1 havo beoen cmpioyod in mathematcs toacher
cducation, working with both primary and secondary teaehers. [ am alse involved
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phenpeaena are divorced fran our descriptions,  Trekson (1986) captwres the dialeetic
inletaction betveen phononerks ol out desehptions.

{1 courser, the data coilected for tho study was much more thin only lunguage-refated, But
the focus of the thesis required that othor data, however intaresting, was iimportant for
contextualising the languaye related data, and not in and of itself a focus of attention,

wold rescarch’ and ‘qualtative research’ e racd i the Biterature on qealitatve rosvarch, |

tov use them both, though initiolly | spocified ficld roscareh, which involved guatitative
muothods.

120



of interests and values, 1t too, cunstruets a knguage of deseription where
theoretical concepts are grounded in practice - a language that, at once,
Huminates teachors® knowledge and offers possibilities for assisting teachers'

knowing and hiaiking about their practice,

Nevertheloss, Lather's cautionary note is pertinent:

. languagoe is & delimitation, a strategic limitation of possible meanings. It
frames; it brings into focus by that which goes unremarked.
{Lather, 1991, p. xix}

NOTES

1. QUviously, these aro not the only aspects of learning and teaching mathematics - thoy
navortheloss can and should be the foeus of spesific study.

2. Racially segregated residential afeas were ereated in tho apartheid sa. Whila arcas of all cities
have since deracialised, the demography of the eauntey I8 such thar biack townships will
remain black for the foreseeable future.

3. Duting theo period . nenotiation in tho cardy 1990s, African srimary schooly were allowed
graater option ag to how and whon Lo switch kinguage of instiuction.

i, Thero are socondary schools whare tho linguage of instruction is Afrikaans. Thoy aro not
meludod in the working fiold of this study.

All names (teachers, pupids and schoals) have beon changed to retdin ¢confidontddity. Howovor,
in Chaptors G-8 {ses, for exampta, p. 192}, | drow an some of tho teachers’ writings of their
action rosearch in tho prejeet. Faeh proferred 1o bo mopedy reforred and gave pormission for
their actuat surnames to bo used.

A

(T Seo Adler 119910) for 2 detiled descriptic  »f chfforent mathentaties classroom contoxts in
South Africa and thoir implications for ¢ «in pohicy.

7. It was the original intention in thia study to focus on the junior sosondoary level. Tho initial
imerviows did have this foous, tut aise oxtonded into the sonior secondary lovel. By the time
the video material was heing collocted, nat all toachers were still teaching at the junior
secondary 'oval.

8, The argumant that categories of doscription are dialuetically nenstrunted fits botween the
argument, on the ana haad, that in deserhing the world, a language of description i3 actually
arbnteary  (Dowling, 1992). Languaga is not determinod by roality, but rather ereates it Thig
position has language eperating semchow indepondently from the matenal world, or
dotormining of the replty of that world. Marton {1988}, on tho other hand, awd fram a
Ehenamenogrophie perspective, = Jues that categones yenorated arg by no means arbirary bat
Imited by the phenamona themselves, that ig, linked to the content of the study  Here
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whoere the rescurch comes at the theory building process eimpty and blind, This
is impossible. Tho only way wa can see is with some orientation,

Nevertheloss, it is important to attend carcfully to the date and ground
interpretation and analysis in the data, to romain focused on finding out from
participants, from their point of view, what it is they know, tut duciaring the
perspective which is brought to this listening.

The issue then begomis: how is teachers' knowledge described? What is gained
and lost in using porneipant or thooretical concepts or both in developing a
languaqe of doscription? This study reinforees Rose's contontion that a mixturo
is in fact what ogours. This is because the purpose of the study is to find out
whiat teachors know - to 1ot the data speok = and  at tha sama time dovelop and
provide a useful and meaningful longuage of description.,

For Rose, theory-building, that is, developing concepts and relationships between
concepts, should be useful, practical and understondabio by Taypoople (1982, p.
127). This point is ro-itcrated by Merger {1991), in his analysis of the research
processes that culminatod in the well-known book Conunen Knewledge that he go-
authored with Derck Edwards, in discussing tho importance of the dissemination
of research, Mereer argues that the language that you use in the research report
is important, Tho development of languago and spociahist torms {like 'ground
rules') are helpful, Thoy provide a means for tatking about practice for both
practitioners and laypoepic.

In Roso's terms, tho Berlaks' dilomma fanguage - their language of description - is
a typology. It is their languago of description, abstracted from their participant
pbiservation of teachers and schools, The dilommas thoy construct aro theoratical
congupts, but grounded in practice. My rascarch, while groundod in the voicos of
teacher participants, in the end is presented in my voice - o vaice that values and
rospects teachors' knowlodge, but is still a voice of a researchor with hor ovwn sots
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relution o ridsability, gencrabsohibty s better vievwed afb i the relationohip hietwecn
cases and thearctical sssertiony than from samples to popalstions, Geocrahsabnlity
in this study thus fies in the laagaage of deseniption thiat i devoloped, and
whaether and how it is generative (Bernstein, 1998) of furthier rescareh on the ong
hand, and facilitstes talkk about the practice of teaclong through fotimg an
explanatory model.

Ag | will arguo in the concluding chapter, the dilemmi inguage developed s this
thesis, and its alaboration in the vignettes, paint to further research, to hypothens
testing. The tost of its gencrativo qualty 15 whother thes language cins be and s
used in resoarch and teachor education to develop the field.

And the generative potential of the kinguage of deseription raises & tingl at
impertant mothodelopioal quostion.

g IN WHOSE VOICE?

Ruse mokos an interesting distinction bot:een farticipant concepts groundoed in
the data anclysis and oxpressed i the words of the participants und theoretical
congepts grounded in the data but abstraeted out through the thearetical languige
of tho rescarcher (Rose, 1982, p. 119). In pragtice, Rosg ¢ ntands, we usually
find @ mixturo of theoratical and participant concopts in any fiekd rosoareh study.

It is tempting to assign authenticity to participant concepts, to view the words of
the teachors themselves a8 moro accurate and meaningful representations ot
practice. Howaover, in a thaory of pragtice, words are always an absaaction gut
of the practice, no matter wiho expresses them. Furthermore, tho assumption that
participants speak a truth unfottored by their language and ¢ontoxt does not hold
sway in a social theory of mind, Both Boso and Silvermat eritique notions of pure
theory-building, ptire grounded theory winoh assumes that thore is a starting po.nt
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8.2 Validity

Vahdity mcans the extont to wineh data and subseduent findmgs present acourati
pictures of the everas they elaim 1o be dascribing  (Hiteheoek and Hughes, 1989,
p. 48; Silverman, 1993, pp. 146 159; Maxwcll, 1992). In fiefd resiearch uzing
qualtative techtngues, vahdity lies m the refationship botwoeen interprotihon and
evidency; mterpretation must e based on systunate, comprehensive and rigorous
usi of evidence.

For Maxwell, vahidity in gualitativee research s inowhat he cails ‘entical realism’:
an acecunt nvolves descraption, inference and explanation, .e. both aecuracy and
appropriateness.  Qualitative research depends un differcnt kinds of validity. In
the hrst instance, it depends on descripuive vishidity, and then also on interprotive
vatidity and beth of these invalve accuracy. Thore noeds be o elair ink between
interpretatiens and descrptions and the evidence that is supplted. This is achieved
throuih careful transcnptions, recogisable categones about which there can be
gonsnnsus and wluch remiang glose to oxperience - to the data itselt (1992),
Sccondly, validity in quabtutivo réscarch alse depends on theorotical and
oexplanatory vahdity. Theoretical congepts and rafations between them are at 4
maore abstracted ovel and thus must bo systematically linked and cloarly argued
within the realms of che study and its theoritical froran, These kinds of validity
correfute with Erickson's hst of dara analysis and reporting techniques discussed
eadior. Doscnptive, intarprotive and thearctical validgity are attendoed to in tho
roeporting of the rosaarch in Chapters 4 - 8, where systematic data analysis is
demonstrated in the use of evidonee (from interviews and video toxt) in
gonstructing caicgorics of descrption and vignottes,

8.3 Genagralisability

Generalising from qualitative rescargh™ with a purposive and epporiunity sample
ig uiwiys problematiec (Rose, 1982, p. 123), As ! have aheady discussod in

116



8.1 Raliability

vickigbility refers to replaceability - how does one ensuge that anothor rescurehoer
would construct the same categories of description and vignettes out of the data?
In relation to citeqorics of description, and from his phenomenographic
peisvective, Marton (1997 asks instead:  Would o category that has been
deseribed already be recogiused by others? He argues that this second quustion
is & reasonable quostion. The fitst is not!  This 15 because cateqories are Q
discovery. They need not be replicable, but they need to be recognisablo. Inter
rater reliability is thus not a matter af gonerating the same categornies but rather
that others con systematicaly and with intersubjostive ageeemont apply  the
researcher's gategories similarly to the data ot hand.  Inter-rater rehiabifity, as wall
as using stondard methods to write ficld notes and prepare transcripts, 15 o well-
established fonim for seekng roliatality in nterview and toxtual studies (Silvorman,
1893, p. 188), und itis crucial it there are others invalved in coding the data.
While 1 was the only researghaer, it was novortheloss olso important horo to
inprove rehiabilty of the categenes generated by checking whether these could bo
apphed effectively by others. Improved reliabihity 00 the intoiview categories was
thus sought through a megting where three af tho participating toochars and two
additional teachers were asked to code part of one of the interviews using my
gateqories.  While they offered other eateqories, thus re-enforging Marton's
distinction, thoy novoertholess eoncurrod with the assignments | had mado of
utterancos to my sot of categories,

In adehtion to 'others® recoinising the cateqorics constructod, roliability of eoding
wias also enhanced by the sugcessive lovels of goding in this srudy. Here, tha
same researchor roviows the datd again and again at difforent times.  This
revisiting enabled a refining of both tho coding and tho catogories sonstrusted.
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Wialford's claitn ocours in the fureword 1o his edited colloahon of aecousngs of the
research processcy i namurous well known stodics, [ do not, hawever, see a
dividing fine between Wnford s eliim againgt simple notions of objuctivity, annd
Smahng's coneern that qualitative Stuthes nevertheless do justice to their elhgots.

This point is reiterated by Erickson:

e POF a0y roader, the coport must () be inteihgible i the relions
drawn between concreto detoll and the more abstroct lovel of
assertions and arguments made by bnked assertions; th) display o
range of evidence thi warrants assertions the author makos; ond
() make exphit the author's own anterpretivi: stance and the
grounds of that stanee in substantive theory and  porsgnol
commitments,  Presenting alf this enables tha reader to act os
¢a analyst with the author
{1986, p. 163)

A range of reporting teehniques assist in producing an intalligible and rigorous
roport. Empiricat assertions need to be goneratod and tested. Koy hnkages nead
to bo establishod to convinge readers of the validity of assertions nierde. Analytic
narrative vignottes, quotes from field natos and intervicws, Syneptic data report”
tfrequencies, charts) combine to torm what is called evidentiary warranty. that is,
adequate ovidence. Intorpretive commentary that frames both porticular and
goneral description, as well as thooreticadl dingussion, lead to theory gencration.
Finally, roput on the natural history of inquiry in the study onables readers to
tocate tho roscarcher, her assumptions and progesses in refation 1o the report.
Theso roporting techiniques are employed in the data analysis in Chaptoers & - 8.

The importance of refiabllity ond voldity in fiold roscorch with its qualitative
methods is recognised by other qualitative researchers {Silverman, 1993; Maxwell,
1992}, and requires further, more spocific olaboratios in refation to the ¢ategerivs
of doscription and analytic narrative vignettes in this study.
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mathematies education no clear methedologies for studying the Gonmygne e of
classroom lifa and teachers within it,

Erickson identifies dangers that e in ficld researeh, Care must be taken to prevent
the collection of an inadequiste amount of evidengo angd an inadequate variety of
kinds of cvidience, These potential pitfails have boeen discussed in the Sectivng
dealing with sampling and methods.  There is further potential for faulty
interpretive status of evidence through inadequate engagement with diseasfirming
evidenee and inadequate diserepant caso analysis. 1t is often through discropant
case analysis that the resaarcher is able to rehine and adjust migjor assedions and
their thoorotical presuppositions. What is intimated here, is thot attention noods
t¢ be paid to what is othorwise tormod rofiabibty and validity,

8 RELIABILITY, VALIDITY AND GENERALISABILITY

Smaling- (1990} has defined what he gulls 'Munchhausen Objectivity' in an attempt
to bring a concept of objoctivity - reliabihty and validity - into qualtative research,
that this can and should be strivon for even if never actually attainablo. What it
means for the researgher is  ‘deing justice to the object of the study'.

The counter argument, of course, is that thoro is no § 'eh thing as abjectivity - all
resedarch, oven In a pasitivist paradigm, is infusod witl: values, positions. «hoices
and pewer relations.

In practico .. it is now widely rogegnised that the careful, objective,
stop-by-step model of the rosearch procoss is actually o froud and
that, within natural scienco as waell as social sctence, the stondard
way in which research mothods are taught and real research is oftan
written up for publicaticn porpetuates what is in foet @ myth of
objoctivity (Medawar, 19631, Tue roality is vary dificrent.., {and}
ofton contres arpund  compromisgs, short-¢uts, hunghos, and
serondipitous eccurrencos,
{Walfard, 1981, p. 1)

113



across Six cases, It is a particular kind of fiold research that cannot be neatly
labelled by current types of fiold research,

Fur Roso {1982, p. 108), field rasearch involves somo or all of the following
aloments:

The subjoct ot the study is a social crganisation or a morg loosely
knit social group; thero is direct social interaction between tho
individual researcher {or a smal! roscarch team) and the organisation
or group; the field-work ‘evolves' over a period of time; a variety of
techniques may bo used for dota celloction ... the data do not iend
themselves easily to quantifination, and are collectod, analysed and
presented In the rosoarch report as qualitative data ...

He further distinguishes fiold rasearch in an idealised typelogy: ficld research s
comprisod of gualitative not quantitative] data; its theory-av'dence links arg in
theoty-building rather the  testing; its concepts are congtracted from the data
{discovered) and not Rnown in advance; sampling is theoretieally driven rather than
ropresentative; and data analysis ang presentation ig in author's summaries and
illustrations rather than tables {p. 117). Field rosearch involves analytic deseription
and theory-building that are grounded in the data,

The design { have described is undoubtodly field rosearch, grounded in the object
of the study, dialogtically related to its thoorotical frame and has ovoived with tho
study. 1t is consistent with othar ficld rogearch ang qualitative studies wherg it is
assumed that the rescarcher, the researchod and the rescarch arg not soaled off
from cach other - the process is dialogical (Smaling, 1990Q; 1992), It is alsu
consistent with studios attempting to ask naw, differont and ditficult quostions
{Hollway, 1989}, Hopefully, the dotailed doescription of the research process will
offor methodolougicat insight for mathematies educationis.s studying tho divorsity
and complexity of classroom life. It adds to tho growing field of qualitative
cesearch ondin mathematics teaching {Lermaon,1893). As Hoyles claimed through
her reviow of researching mathomatics toaching (1992): there arg as yot in
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transcripts was not carricd ovt. While such an analysis might add insights intu
teachers’ tacit knowledge, sclected excorpts from glassroom transeripts funetion
illustratively within each vignette in relation to a dilenima and to the teachor's
refiections.

7 A PARTICULAR KIND OF FIELD RESEARCH

1 have desedibod the sample, methods and rescarch process in this study. The
description reflects that, methodologically, the study is ficld rescarch, using
qualitative methods {Rose, 1982; Erickson, 1986; Silverman, 1993}, As field
regearch, it is in an intorpretive paradigm, working in-depth and concerned with
the meuanings In, and complexity of, toaching in context with a critical stanca
towards human meaning {Erickson, 1988, p. 122).

As Beriak and Berlak {1982) argue, undertaking an interpretive study means taking
83 a staiting point 'a view of persons as beings with the capacity to craate cuiture
and wransform the conditions of their own living, and a refloxive conception of
human consciousness and social cont xt' (p. 14). That is, human consciousness
and actions shape and se shaped by culture and history.

They appropriatoly criticise Lortie's famous study of teachers in that Lortie
gastigates teachoers for their aversion to theory. Lortie's study presents teachers
s having no technical vocabulary for talking about theoir teaching « no systematic
language. Their language instead reflocts concaptual simplicity, As the Berlaks
point out, Lortic only studics what toachers say about teaching - not what
teachers actually do nor how thoy construct and justify thoir wetivities {Bos .1k and
Berlok, 1982, p. 236). Hence the Borlaks argue for their ethnographic study which
investigated teachors accounts, their actions ard their justifications. These same
assumptions underpin my study, Howeovar, the dasign | have described is neither
a full ethnography, nor a single case study, but employs athnographic mothods
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One of the key ditficulties in working with ans*ytic narrative vignettes is being ubie
to justify their sclection put of the whale datu corpus. Do any and all ingtancis
count? Would it be enough that |, the researcher, find an incident interosting and
assert its significance for the study? Erickeon's answer 18 a clear not As an
othnographer, he argues that the significance of an instnica must be established,
It cannot simply be asserted. Vignettos are *vivid' and ‘persuasive’ portrayals of
an aspect of social life with functions that are rhetorical, analytic and ewvidentiary,

'Evidentiary warranty' is achicy 2d by 'citing and reporting analogous instances
and by showing in summary fashion the overall distribution of instences in the data
corpus' {p. 151). In other words, signitivance Is not internal to the ineident, but
rather in its Instantiation and/or illumination of assertions in relation to the study
as a whole. In shor* tho particular must be located in the ganeral,

Erickson distinguishes typical and rare ovents, both of which are significant, And
in an athnoqraphy, typical and rare incidents and {inkages botween them ¢an be
established from the data corpus., This study is nct a full ethnography. s
classroom data is limited to threo hours of teaching by cach teachor, It is thus
inappropriate to argue the typicality of ong classreom incident in Erickson’s terms,
Howaver, | agreo with Erickson that the significance of @ selocted incident noods
to be established in relation to tho study. The significance of the throe vignettes
will bo argued and elaborated in relation to the study in Chapters 6-8.

Briefly, the throe vignettes sorve as llustrations of tha three-dimensional dynamie
aL work in different contexts and with diffarent toachers. The vignoettes are not
genaralisations, nor typical, nor rare, but rather instances that illustrate the
dynamic. of working in multilingual classrooms. Thoy illustre  » nest of preblems
that are crucial to the rasearch. They function, furthormore, to ¢taborate the
ditemmma language.

it is important to add here that, in weaving together data from the vidoos,
refloctive interviows and workshops, detailed discourse analysis of classroom
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involved {Erickson, 1985; Rose, 1282; Hitchcock and Hughes, 1989; burgoss,
1985}, to issuos of validity (Maxwell, 1992) and to the intellectu i and emotiong!
demands of the creative procassing required {Woods, 1985},

Erickson recommends a 'leap to narration' {p. 151) as i way to stimulate analysis
of the mass of data that collects in field work research, particularly ethnographic
studies. After an initial reading of the whole verpus of data scurces, the
rasearcher shou'd make an assertion, choose an execerpt frain the field notes that
instantiates the assertion, and writa up a narrative vignette reporting the kay event
chosen. The purpose behind Erickson's ‘jump into storytelling' is similar io
Woods' view of the necessity of the ‘writing-up' process as 'an important
inducement to the production of ideas’.

The purpose of a vigneatte, however, is not simply one of stimulant, For Erickson,
the 'analytic narrative vignette' s the foundation of an offective report of ficldwe 'k
research {1936, p. 149;. It is the means to idendify and sut;stantiata assertions,
concepts and ideas that emarge . sugh the study. As Brown {1981) claims:

One incident with one chitd, seen in all its richness, froquoently has
more to gonvey to us than a thousand roplications of an experiment
conducted with hundreds of children. (p. 11)

And su too for ong incident in ono classroom. The analytic narrative vignette
emerged as tho most effective means of reporting on what teschors did, and how
thay justified their actions, and gelfected from, and tatked about, thelr work, The
vignatte was alse a means to elaborating the key dilommas that emerged through
the interviews, & means of elaborating dilomma language and axpioring how
teachers confront and work with dilemmas in their comjslex. dynamic throe-
dimensional multilingual contoxts. Chapters 6, 7 and 8 dovelop throe koy
dilemmas that also take particular forms in the three distingt multilingual contoxts
in this study.
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cantent, Far example, Jubu found he had to revise how to simplity the fraction
12118,

As mentioned in Chapter 3, Jabu did nat attend any of the workshops, although
hie continually said he would he there, and then never tumed up. Perbaps thas wag
a way of not fucing hi lass of dignity and behef m teaching,  But thas is miore
spoeculation,  Jabu's story wili hopefully be able to be tofd ong diy soon, when we
can laok at the past and aceept the range of expericnees that people taced during
the struggle for hiberation from apartheid.

4.2.1 Codo-switching

While o numbor of toachers netico and comment an Main fanguage use duang
pupil pupi! iiteraction in their elosses (tor example, T1, TG}, Thand hotices for the
first time in hor teaching that when pupils work together, they talk mostly i thew
main language. vhich for most pupils is Tewana, Dospite bor surprise, and
aceep*ing that 'maybao it is important so they can understand', tha weould Tike them
te use Englisly

1 only noticed it fthat pupils spoke in Tswana) for the first time when

{ watehed the video, Not evon in the lesson - bocause when you gt

to them then they speak English ... I think they need 19 understand,

so their own hinguage is useful, but 1 think it is important for them to

practise English ...

Vi4, 59:69)

Reforring te her classroom and hor practice, sho articulatos throeo different
justitications for hor position:  that pupils necd o practise English so more of them
will be comfortable using Coglish pubdicly in ¢lass; that not ali pupils are Tswana
speaking: and, as a language, Tswand has consteaints in terms of a nathematicst

rogister:

<. § would like thom to spoak English to each other so that mayho
when you speak to them - ke you will notice when | ¢all them to the
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As discussad in Chapter 3, thore was no direct overliap betwenn what teachers
focused un in * ¢ refiective interviews and what 1 had marked to raise for
discussion. Nevertheless, acress the six teachers, attention had been paid to the
issucs raised in the initial report back meoting.  Code-switching, verbalisation by
pupils and pupil pupil diseussion, mathematical discourso and explicit languupe
togehing all emergod quite cloarly in tho rofloctive intarviows.

During tha roflective interviows, there weore opportunitics for discussing both the
teachors’ and my interests and thus for o siting toachers' rofloctions and
- justifications for their teaching., The teachers' diverse multitingual elassraom
gontoxts ant_i thoir ditferent padagogicol approaches bring out differont emphases
in their interviews.

Before deseribing these intorviews, it is important to discuss Jubu'a ase brinfly. -

Most of Jabu's reflostivo intorviow, at his request, was unrocorded. He told the
story of his teaching in Sowoto sinee the mid-1980s, h@w'he tolt he had beer
forced into 8 position that effeetively meant @ loss of dignity as a teaeher, and that
ho was a 'brokon® and @ ‘damaged’ tcacher. it is not ethigally possible to rotoli his
spocitie sta1. . Hawaover, in genoral torms, he, and moany other teashors like him,
tound thomsclvos eaught up in pelitical turmeil that brought with it corruption in
sonie schools, particularly around the fingl matriculation oxaminatians.  Events that
accurradt in the name of the 'struggle for liberation from an iltegitimate system' in
his schooi profoundly disturbed Jabu's idontity a8 a toachor. For Jabu, when you
toach mathematics you alse toagh 'sincority and henosty'. Ho found himself in a
positon whi}m he eould not support practices that wore being eondengd in the
palitics ot liberation,

Whon we did got to focus on his video, we discussed what was mosat apparent:

how pupils struggled ta expross themselvos publiely in English, and how their poor
background knowledge continually slewod the paco of learning the actual lesson
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4.2 Tho refloctive Interviows

In the refloctive intorviows that followod, teachers assorted that thoe lossons
ohsarved were by no moans atypical. Bome toachers were nervous 1o begin with,
and in semc classoes pupils werne guicter than usual,

Secing themselves an video was both interesting and difficult for the teachers.
Some oxprossed how they had learnt o Tot by looking ot themselvos, th_ai: it WS
good 1o seo that some of their intentions woere boing actualisod. 1t was also good
to recognise iireas whore they felt thoy could Impeove.  However, whother at tho
start of tho intorview, or at peints through it, cach teacher mado negative persenal
comments that ranged from not liking their voices ('too leading'} o the appoatane
af their hair. to irritating habits fiddling with a pen, saying ‘ok’) and talking too
mueh. Four of the six teachars also commented that their tossons wore {ess
‘exeiting' than they had remembered or that they them?alwzs Wit not 8o
'dynamia’,

Suo's and Sara’s 8td 6 classoes were working on the triangle. Sue had pupila in
pairg discussing, drowing ond writing explanations of whethor you ¢an have a
triangiu with twe acute angles, with two obtuse angles, with a reflox angle, and
80 on. Sara had pupils drawing and then toaring the angles of different kinds of
triongles to discovor the angle sum and extorier angle thoorems. Clive and Jabu
intraducod their Std 7 ¢losses to ratie, warking from oxamplos of the congept to
axergises un simplifying ratios, or sharing in @ given rate. Jabu's first logson was
or: division with oxponents. Holon introdueod hor Std 8 tliss te the six
trigonomaotre ratiog through group activity whare all genstructed different size
right-sngtad trianglos with 0 40 degreo angle, and thon moasured longthg of sides
and cempared ratios betwean them. Thandi was working in Std 8. She rovised
inaquality geaphs in the first lesson and introducod the language 'at most' and 'at
Ioast' in tho socord, bath as procursors te linear algobra.
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4 INSIDE THE CLASSROOMS, REFLECTIVE INTERVIEWS AND WORKSHOPS
4.7 Inside the classrooms

As diseussed in Chapter 3, p. 98, differonces across $ehooling contexts worg
stark. Pertinent to the language foeus af this study woere two fanguage-related
obgorvations (VFN2A,3A,8A,6A, seo Appendix D). First was the (;onsiﬂf_:rablé
differonce in what can be called the "educationnl ground rules* (Edwards and
Mercer, 1987) across clagses and sehools. ‘Chanting’ {for example, unison cries
of 'yos sir* in responso to 'do you understand?') was part of the eultiee of the
township classrooms. The ground rules in mest the othor classes wore such that
individuat pupils rospondad to rocall or 'why?* guestions initiatod by the toacher.
int gentrast, the ground rules in Sue's glass were cloarly more pupil-eentred and
interactive and are deseribed in dutail in Chapter 7.

Secondy, thore wore eifear differoness in pupils' spoken English across schaols
and across lovelg within sgheols,  African pupils in township schoals strungied far
morg to expmés themsolves in English than Afriean pugils of a similar age and lovel
in Model € ar privata schools in town, The Iatter wore both more fluent and had
avguired o differont rronungiation and greater confidonee in (spoken} pubhc use
of English. Alse, clder African pupils (8td 9s) in townghip sehools were marg
fluont in English than these In Std 7. While those difforoneas aro obviously all g
function of timea, surrgund ind tho gulture of the schools, both the deminant
ground rules and fevels of English proficieney are dimengions ef the dynamic of
teaching and loarning mathemiatics in multlingual clossrooms and, 08 is eloborated
in Chapters 6 - 8, thay impact on classraom practices and mathematical learning
passibilitics,
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{8  spocific aspects of mathematical discourse were problematic, for cxample,
ward prablems, giving ¢lear instructions, soemo mathematicat terms and
wiays of moeaning.

As will bo soen, theso s:vner ised issues corrgspond with the "communicationy’,
'nathematical discourse’ and *BSL' categories dovoloped in Chapter 5.

Each cloment of the summary {Apperdix Bl was discussed with and by tho
toachers, Wo focusod on the discussior of angudge issues to build a shared
senso of what would be attended to and explored i the videoing and subsequont
reflostive interviews, Thesce were:

¢ w . I¢ ¢loss intoragtion, how it works, or broaks down;

* quastioning by teachers and pupils, fistoning;

* smail group interagtion, quality of diseussion;

* when translation is used, when pupils have difficulty saying whot
they think, maving botwoeon two languages;

* niaking language exphicit;

* spocitie mothematics languaga issues, ineluding beth tormineloegy and

| meanings.

Those foci roiate to the study's rosearsh quostions an what teachors sav and do
in relation to the dynami »s of teaching in multilingual glassrooms: code:switehing,
eommunicating and raodiating mathomatical esngepts, that is, loarning to talk
* mathematies within the eulturat proccsses of the sehool,

128




pupils in their despairing conditions {T3). Some colebrated improved discussions
and interactions {T6), while others strove for a raluxed, enjoyable aunosphere with
sparks of light, good reasoning and understanding (T2, T4, TB).

Theo range in teachers' conceptiens of probloms, ghallengos, and rewards linked
with their sehool contexts and othos as well ag their behefs about mathematies
antl learning.  Those who stressed foundations woro gonfranted with lgarmers who
had beon passed through a system in turmail,  Theoy faced situations where
learners had significant gaps in expeated pro-knowledge. Thoso who stressed

inquiry and interaction were in schouls where this was part of the sehool cthos.

Those wno strossed mare utilitatian approachies faeed the reality that many ef their
students woultd not gantinue with mathomaties at scoior secondary level

These concoptions of mathematics, ehallonges and rewards elearly influencod
what toachers porceived to be language issuss in tholr teaching. Notwithstanding

this diversity of eancoptions, it was impeortant to fecus on and summanse the

{auguage issucs the teachors discussed v thoir intoeviows, The interviews showed
that:

{1} doespite ditforoncos, all 8ix teachers expressed the view that teacher-pupil
and pupil-pupif communigation was a good thing and should be drveloped;

(2}  all feund thut spooking in Enghsh was difficult for ESL pupils in tho first
yoars of sneondarv sehool. Most folt that transtation, and talking in o

_ familiar tanguogo, where possible, wos negossary at tmos;

{3) where teachors and pupils did not share a main language thore wero
Instanges of communigation breakdown;

{4} in order to develop mathematieal English and goneral spoken English at the
game timg, semo folt they neoded to ba more oxplicit about the language
they used and to got pupils to vorbalise mord, and that this practice In fact
bonefits overybady; and
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background knowiudge and 'ability'. Some (T3, T4 and T8} exprossod the lack of
Hime' to deal adequately with the peor foundationg of many pupils, t¢ build these
foundations and at the some time cover new matistial,  Most teachers exprossed
the important role of mativation and attitedes ta learning. In ox-DET schools poor
mativation, interrelated with gaps in bagkground knowledge, produced surious
hindringes to teaching and learning in these schools. Int contrast, teachers who
woere attempting to wark mare investigatively (T1 and T8) were goneerncd with
diversity in relation to managing group work and prometing effective mathematicol
diseussion and related assessmoent issues,

The teashors described a rango of pedagogical stratogios thoy use to deal with

these challenges, for oxample, drilling and rovising, having pupils writo solutions

{0 exorgiseg on the blackboard and explain what they were deing, organising

pupils to work ot tasks it pairs or groups, Despite difforonces in approoches, all

teachars tatked, though in difforent ways, about wanting te ingroase vorbalisation

and pupil-pupit and/or teacher-pupil communication as a moans of doaling with tho
diverso difficultics and challonges.

Interestingly, thare were simigritios in most touehers'  doscriptions of o typieat
legson, particularly It they wero doaling with a now seetion, 'T‘hnm would bts'tim
teacher oxplaining, but oncouraging intoragtion with pupils, and thon puplls
actively warking an tasks an their own or in groups. Differences fay in how
whele-¢luss inturaetion is struetured and prepived - whother it precodes or
follows pupi! tasks - and in the kinds of tasks sot, For soma, tasks wore
exploratoty and cancoptual (T, T2,T6Y; for others, tasks might be done in pairs
but worg essontially axercises on the seetion diseussed (T3, T4, ThH).

For cagh toacher, the rewards of toaching rofated to their goncoption of
mathematics and lgarning progeoss, and to thor dosire for mathomatics to be
eijayed amd understaoed. For some, satistagtion game when pupils were able te
spuitk moathematically; for othais, rowards lay in the progross of at least somo
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This analysis drew vut the following:

Tha context of teachers' work diffured enormously.  In ex-DET black schools,
teachoers goped with poor materia! conditions a# wall as the morg detnoralising
breakdowns of relations of autherity and management in tho sehool and tho
absence of a toaching and learning culture. Political differences in toochor
'arganisatians also affected their working conditions. These conditions are
rcﬂecte_d- in how toachors doscribod the ethos ef their schaols: as "Iacking
diseipling' (T4), 'there is disharmony' but *still we try for high standards and o
friondly environmont' {T3). In gontrast, teachers from the four othor sehools
which all functioned normally emphasised developing 'dignity’ {T1), ‘acedemic
excellonga' {T2), "tearncr contredness' and so on, as their schoot athos.

Tha tasks and ehallenges in teaching mathematies raised by teachors, particulorly
a1 the junior secondary leval, illuminate the wide range of currjculum dilernmas the
teachers fage, Far some the chollenge was pupils® lack of 'foundations', and
praviding this while meving on with the eurricuium {T3, T4 and T8); for othors 1t

was providing skills for sehoot leavers af the ond of Sid 7 and, at the same time, |

proparing and selocting those whe would gentinue with mathematies iy Std 8 {T1,
T8); for others it was enabling enjoymont of mathematical learning in the race of
time prossures that 'make you rush' through material {T2); and for T6 it was
enabling pupils to dovelop @ quostioning, thinking, investigative attitude towards
mathematics as woll as a grasp of mathamatical conventions. Aside from the last
which could fit the knowledge is given vs. knowledge is problematical ditemma,
those dilemmas do niot neatly correspond with Berlak and Borlak's {1882)
eurricuium dilommas. Cloarly, teachors face many dilommas in their teaching,
Those that rolate to mathematics and language In gchool aré the focus of
following chaptors. '

Sociotal and affoetive issues alse informed tho chaolionges teachers balioved they
faced. Al toashers spoke ef difficultics working with divarsity in pupils’
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EBefore these viows are described, it is important to point out that the diversity
across schouls and teachers that is apparent in Tables 1 and 2, and the range of
teachers' views about mathematics and teaching, is necessary contextual
information. At tho same time, howevar, this introduses @ great deal of ‘noise’
into the study - noiso that is interosting, but, for the purposes of this study, must
‘be backgroundad, For oxemple, thare appeared to be a correlation between the
teachers' length of oxperience and interesting differences in the views of
mathematies and teaching they emphasi@d‘ in thoir interviews. EBach teacher's
identity, what hafshe emphasisod about him or herself, is also it\turesting, asis q
range of pendor issues. Al are important aspeets of toaeching and learning
mathoraatics in school that neod to b oxamined but falt outside the focus of this
study.

3 SUMMARISING THE IAVTIAL INTERVIEWS

Tha fellowing uabbroviations are used here, and in Chapter 5 - 8, 1o refer to
extracts from the initial Intorviows, the reflactive video intorviows and tho
subsequent warkshops:

11, 12 U3, 114, 15, 6 rofer to tho six nitial interviews respoctively, Refershen to
an utteranee in lines 23-28 from tho initial interview with Holon, for examgplo, will
be ("1 ? 23‘25):

VI1, VI2, VI8, Vi4, VI8, VI6 refar to the video interviews; and W1, W2 and W3
rafor to the warkshops.

As montionad in Chapter 3, o descriptive summary, or first lovel content analysis,

of the intorviews was presented to the teaghers at a repori-bagk meeting {8900
Appendix B},
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TABLE 2: TEACHERS' SCHOOLS i) CLASS TAUGHT
TEACHER | SCHOOL1YPE SCHCOL CONTEXT AND ETHOS CLASS! | PUPLL TEACHERS’ PUPILS MAIN LANG
. [EVEL | NO.S MAIN 1 ANG.
1. HELEN MODEL C *lower-middle class: guod resourees English English. Portugese, Tswana,
50% black #good citizens 87D 8 30 {French & some Sothe,
giris enly #dignity Zuks Tarwanese
2. SARA MODEL € *middie class; good resoutses English*
25% black Nacadamic excellance STD G 32 English Partugjese, Zulu
co-ad falt cound education ltwol a3 Tswana, Sotho
3. JABU EX-DET ‘tawer claar 's000, PaDE reSOLCES Tswana Tswana*
African *brokan learm] culture, disrupted STD 7 42 {Eng. & uther Padi
co-ad #igh standards, friandly African
Jlanguages)
4, THAND! { EX-DET *mixed class, many vary paor Tswana Tswama®
Aftican *large 1700, poor resources 8TD 9 50 {Eng. & othur Sothn, Xhesa
co-ad #lock of discipline Atncan 2ulu
Ranguages)
5, CLWE PRIVATE *mixed cliss, adaquate resources Zulu
mainly African *racially mixed statf STD 7 30 Enqtish Tawana, Sotho
co-al Renual, good sducation English
8. SUE PRIVATE *mixad clasy, bursanes Zuly, Tswana
99% black *racially mixod staff STD G 17 Ennlish Satho, English
co-od *good resources {two) 17 Afrikaans
#iberal values
Kinvolvemant. ingunrz _




TABLE 11 TCACHENS® BIOGRAPHICAL PROFILES
TEACHLR QUALIFICATIONS UXPLRIENGE
‘ INSET
1992 1995 1892 1905
1. HELEN B.A- M.ED G years 8 vears ves
{MATHS 3} {in in now
H.BIP.ED procoess) Stds G110 I yoar in rogular
B.ED adult
oducation N
2. SARA B.DEGREE- 20 years 23 yoars yos
{MATIS 3} ift
H.DIP.ED Stds 6-10 regulor
MATHS '
HONOURS
{Teach
ing)
3. JABU S5TC n.sc 11 yoars 13 years yes
MATHS 3 in now
B.5C Stdg 610 1 yodr in regulor
{(MATHS 2} NGEC
. 3rd year
in procoss .
4, THANDY 1 B.A.ED B.ED 4 years G yoars A
(MATHS 3j in no
MATHS M.ED Stds 610 1 year in roguwlar
HONOQURS lin NGEO
{linsom: process! fprimary lovel)
plote)
6. CLIVE 8.A G.ED 10 yonrs 12 yoars yos
{MATIS 3} in nov¢
{LE.D Stdz 6410 1 yoar in 0eCas.
NGEO {colloga | ionally
lovol)
G. SUE B8.5¢C M.ED 3 yoars 4 years yas
IMATHS 3} in 1 yoar BT
MATHS Stda 6410 student rogulm
HONQURS 1 yoor
H.DIP.ED logturot
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CHAPTER 4

THE DATA: A FIRST LEVEL OF ANALYSIS

1 INTRODUCTION

As discussed in Chapter 3, validity depends, in part, on description and
interpretation, where both are ‘'close’ to the data {Maxwell, 1992}, The
descriptions and interprotations in this chaptor are all ciose to the data. My
purpose is to provide a first level analysis of all the data collected: the initial
interviews, videos, reflective interviews and workshops.

2 THE TFAC ERS AND THEIR SCHOOLS

Table 1 below summarises biographical data on the six teachers in the samplo. It
reflects tho purposive sample of the teachers: all have tertiary mathematics
qualifications; all are professionally qualified; and ail have at least three yoirs of
classroom oxperience as well as ongoing involvement in the profession.

Tablo 2 bolow summarises toachers' descriptions of their schools and the
particular classes that were to be videoed. it shows that, according to tha
teachers, their pupils are drawn from diverse socig-ceonomic hackgrounds {scc *s
in Table 2), Sechool othos [see #s in the table) and condlitions of teaching vary
considerably across the six schools. Each class videoed is multilingual. in two of
the six clagses, neithar the teacher nar the pupils have their main fanguage as tno
language of instruction.

In addition to collecting biographical data and information on schools and classos,
the initiol interview also proboed each teacner's view of mathematical knowicdge
and his or hor own mathematics teaching. Such qualitative data is diffigult to
tabulate for comparison.
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Mathematical disgourse and how it is learnt is tho issoe here,  That s,
mathematics and languixje canniot be separated hera < they are deeply intertwined.
Clive's deeision to be explicit is a function of his preparation and of what pupls
ask him. The cffoct is that being explicit, which ho argues is important,
particutarly in o multilingual setting, can afso Lo problematic.  The gomplexity of
mathemaotical discourse and situational spectficity come mito flay. This bsuo of
being oxplicit is explored in depth in Chapter 8.

4.3.2 Pupil verbalisation
Sma arqued:

Sa:  'wanted them 1o see that ne mastor what trianglo they drow,
the sum of the angles is 180, whother they used a big or
small, acute ar obtuse. So a lot of what | was dowg, as
opposaed to straight drill, was trying to reinforee words ... The
main thing | want to point out is that I was trying to encourage
thom to use coirect language and corregt tenms amd also o
encourage ther to say it awud. 1 really beliove that if they
have used the words, their recall is bettor, 1 like lotting them
discuss it amongst themselves so that they will remember it
better.
(W1, 1080-1086, 1142-1151}

Helen raisod the important issue of whether articulation equals *possession'. On
tho tirst day in hor ¢lass a pupil {Debbie) summarised the moeaning of sin 4¢
dogrees, that tho ratio of the twe sides will bo the sume avon if the ongths of tho
stdes in the trianglo change. The next day Helen was trying to work with sin theta
and the ratio opposite aver hypotenuse:

H:  Debbie, who did that vory nice summary at the end of the last
lesson has got absolutely no idea at this stage. For me it
scemod that if she had done this great summary the day
before, that she should have bheen able to da that - and she
naud ne idea and back to the 80 degree angle...  how could ghe
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The teachers agresd that ratio is a dithieult congept i any class and then debited
the bonefits of being oxplicit about "difference’ and 'rativ’,. Some suggoested that
rafating ratios to fractions helps, others disog ced. Sue argued that moking the
differonce between ‘difference’ and ‘ratio’ explicht can greate problems - some
pupils do got confused and thon she deals with them individually.  But she does
- nat deal with the difforence explisitly uniegs it is taken up by a pupil. in responso
Clive justifies his actions:

C: ... Thore ware two reasons why ! 4id that is that it eome up
right on the fiest day Trom the tiest exainple whon 1 said "He
has one and she hag §°, or whatever, and | said "hew ean we
compan: them?* and somehody said "Oh we¥, § is 4 mere than
£, and then we looked gt the two types of compatison
begause difference Is a eamparisen but glse hecause their
longaage is so weak, It is very very weak and 1 just felt it was
important to go over these words because fHhat was ol
constant - they kept making that mistoke. Yeu say “alrigit,
what is so and $0's number compared 16 or the ratio and they

. wotld give the onswer as the difforence ...
' (W1, 157-173)

e Woll 1 1ol you something which T found toaching science, is
that yom have got bo very very caroful, not just in tenns of
language - that comes up often - but if you use a word very
easually then it ean he totolly misunderstood.

{W1, 215:220}

He goes on to desaribo how pupils ofton misintorpret diagrams. For example, he
had deawn orrows fram grost to erest 1o show wavelength yot found that pupils
‘had drawn it {the wavelength) just anywhere. And thuat happens often... ond its
the language ..."

Sue questions this intarpr- ton:

S:  Ratio and rate - first lnguoge speakers, geod speakers
Struggle as well, 5o it is not just o nguagoe thing.
{W1, 225-26
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matheratical activity which typically includues verbial explanations by pogiis, The
refleetive interviows thus huther illuminated teachors® knowledge of coping with
the dynamic of learning in English, learning mathematicat discaurse and loarning
within classroom processes.

4.3 The {irat workshop

The workshops that folowod the refleetive intervievws waore usetul zontexts tor
tanghors to taik further about their practices. Constiteting a cito for thig small
community of practice, the warkshops vwure ciultansausly a context for teachers
talking within their practice. Morcover, it was heee that thioy selooted for
disoussian aspects of their teaghing that they winhied to pursuo. And ovar and
again, thoy tatked about code-switching, pupil diseussion and oxplicit 'mathcmdtics
lunguago teashing,

In the fiest workshap in Fobruary 1883, oach teachor seleeted ten minutes of
axeorptis) fram their video te diseuss with tho other teachers.

4,3.1 Mathamatica! discourse - the Importance of boing expticit

Clive selected hus rotio incident.  Hoe showaed hig [agson intraduation and thon the
peint whoarg communigation in tho lessen broko diwa,

C: | think one thing was | Iost them around the total number of
appleg and the meaning of the word shore’. 1 was leoking and
thinking that the ward ‘share’ is quite difficult.  Aiso I was
using the ward 'ditference’ quite easually and the day before
! had stressed the moaning of the word ‘differenee’ as not
pertaining o ratio ... What | was really trying te do was to
actually got them to understand words hike ratio, differonce,
share, That share is actually @ camparisan ... it is the number
of apples compared to somaone else’s number of applos ot 1
the whole number of apples ...

(W1, 13-31)
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S:  Another thing is when | do understond them ... and know the
rost of the chiss deesn’t,. What do 1 do? Do { make thens re-
explain it, go up to the oard?  Or do 1 just take it up myselt
and deal with it? ..

{ think you ean validate, fike T undeestand, 1 think you have
gaod idea but § don't think the others understand. Con yeu
explain again?’

! What happens then if they get up and explain and it is
NOT a good idea?

8:  Peaple who velunteer usually don't - Fda nry ta choase them
whoen [ knew they will kave semothing to say ... and {then)
you are alse saying somothing to the kids who don't go up,
{ also chovso kids wio | know will make ¢ good attempt ot it -
hut then 1 am alse saying something to the kids who don't got
1o go up. 1 mean thore is one kid who I don't got up beeause
he will just canfuse everyone!

{vi6, 1190.11986, 12021212

Despite Thandi's lament that often pupils 'den't have the language to say what
they think' {and this is elearly neore prevalont when public spoaking in ¢ass s net
inn the learners' maia languagel, behind all refloetions here is a bohet in a strong
refationship hatween thought and language. Clivo and Meden reitorates

€: .. eftea l con see that they know what 16 do and they de it -
and they can't say it - they just say what they do, like there
with Busi, she just says hor steps, they don't explain what
they do  but | think they do need to be able to say it.
{VIG, 65-60)

He  Itis still ... cause if they start 1o doseribe somothing te me in
accurate mathematical language it docs seem o reflect seme
kind of mastory.

Vi1, 604-607)

Tho rafleetive interviews provided a contaxt for teachers to justify their attempis
in ¢lgas te oncourage mathematieal oxplanation and diseussian. The tearaors
gripplad with whaothor lgamer explanations arg neeessary aond with how learmers
use dise.ssion.  These eancerns are a function of the noture of school
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S: With maths thore is an adJded thing - is thot discussion is hard
ad sa ditterent,  Like iF yeu have o discussion in English say
around whoether Chapel showld be eompulsary and everygne
has got their own itdeas and they pecept it and leoarn frot
othors, But to tlk about whether @ square Is a roctangle -
there is more a right and @ wrong.

(viG, 312-320)

Helen has similar goneerns with pupt pupil discussion:

H:  The whole Issue of discussion is very complicated for me, Angd oo
1 am struggling with it ofl the time, It is not something that
enly eomes up gecasionolly ... they gro not tolking o each
ather praperly,  Thay are net listening to cach athor. They
only listen for the tight word ar the rigiy 2esaoction ihat helps
them get 1o the noxt phase of the problent ... Now laak at this LAY
group froferring to videol they are not even deelding - | think P
what happens is that one starts and ethers loek 'what are you -
daing?’ and then copy. There Is no deciding together. wo

(vi1, 695-598, 630 634, 714-717)

In gentrast to Sara who 'fools' the bonetits of veebalisation for learnors, Sue
quostions the benofits of insisting an pupils expressing thoir thinking:

S:  And then my othe. big issue is whethor insisting on language .
use is detrimente. or not ... Like thot kid whe con see, P
understand, has got the concopt, ean sep how the shopes :
work - and then ecan't say it.  He at least eon see that that is
the prabiom, that he ean't say it.  You ean teal with it. 8ut
there may bo kids who fecl that thoy san't say it and therefore
thoy don't understand it ... or to what extent insisting on the
language and they arc not comiortable with it and then it
inhibite their understanding - thoy withdraw. ... So that is my
question: 0 what extent forelng them to cxplain it creates
Insecuritics where in faot there is undorstanding and a fow
yeoars later they will be able to explain it. That's what warrlos
Me...

Vi, 165-178, 217-222}
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4.2.4 Pupil-pupil discussion and explanation

The benefits of informal language use 4s @ Mmadng to more formal and correst use
and conceptualisation are often linked with tho benofits of pupil pupil discussior
an mathematieal tasks. Of thoe six tecehers, Sara and Helen mado the greatest
progross in doveloping participative discourses in then elass with more group
wark, pupil-pupil discussios, and investigative tasks. In their reflective interviews
thoy both farcefully exprossed the questions they faced in their attempts to teach
more meaningful and effective mothematies through different pedagogical
approaches.

Sue opens hor interviow:

8 . the thing that worries me the mest {s that | am net sure
whether, | am net sure to what extont it helps thom leorn. 1
think that talking to each other is not unproblcmatic. | think

d a lot of the kids don't listen. Mayhe thoy are toe young. 1
think, You can seo it with the questions ... tond] ... [ suppose
not beoing able to see aftorwards - they can't articulate the
concept or how they struggle in tosts fater, | mican some of
them are gotting tho coneept, but some aren't. 1 think MY
problem in teaching is that it is 8o unmeasurable - it is actually
difficult to know,

lVIG. ?‘14} 33‘39)

8:  With the Std 8's, because thoir language is much weoker, and
they work in partners, 1 encourage them to Tirst try it and then
they talk about it - but 1 do question the way they talk to each
ather - to what extent they really ehallenge cach other.

(VI6, 234-239}

S: Thon therg is also the case when diseussion breaks down ...
thero is confusion about the task though that didn't come up -
and then not understanding eaeh other and being so polite
about ft.  IF you are nat Sure of your own ideas then it is hard
to challengoe and if thoy are nat groat at explaining, they don't
understang each othor. | encourage thom ta da it but they
aften dan't ...

VI8, 276-288)
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when they try to do it on their own they can, they've got the
words. But | dan't know it it actually makes a difference ...
but | don’t know whothar it necessarily henefits thom,

Vi1, 517-529)

Clive is alse ambivalent about the effeets of formal matbematical tinguisgo and
being exphicit about its uswy

C: ... my way of dealing with the language is t6 go vver it |
remember all the time 1 would say: ‘what did you tdo?’,
‘ditferency ', 1 would ga aver and over that, 1 often find 1 do
that whatever ¢lass 1 am in - go over and over the words and
the synanym and what it means. And that is what 1 naticod
o how [ would keep going over cortain things - like 1 would
keep going back over ‘what Is the difference hetween
difference and ratio?’ - that Sort af thing

J: Did you think that was a good thing?

s YO8, .. 1 think § didn’t got engugit of the pepils involved and
¥ maybe 1 ... um ... could have tried something like group werk
1o involve mure students. Liko T notice also that there arp
somo whe always get chosen and it is not intentienal, It sart
of happens.
(V1§, 36-51}

S0 while teachors boliove that tho cerrect vso of mathematical language is
important, and that it is important that pupils gain access to moathomatieal English
and use i themselvas, hovw this eceurs remaing prablemang. At one lovel. what
pupils themsolves say can be undermingd; ot anothor it is hard te focus on ol
pupils simultaneausly: and inost crucially, 3t 16 ot abselutely cloar whather in fast
it radlly helps. Obviously, 3ecoss 1o the rogister ig impartant for all loarnors, 8o an
interesting quostion is whether taachors® coneorn with using 'earract’ longudge is
axaggerated in & multitingual setting.

The ssue of explicit language toaching was takon up in the workshops and is
disgussod bolow. 1t is further dovoloped in the vignotte in Chaptor 8 which
focusos on Helon's thgonanietty ¢lass and her workshep quostions.
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Sa:

{1 think it must, beeause when you leok at it again you
say ongles on the opposite side - opposite side of what?
you know ... but there again It is just my feeling that if
they can say it properdy it is an did ...

{VI2, 275.285)

Heten and 1 discuss her frequent rophrasing of what papils say.

Je

Here you rephrase for them, Did you notice thiat?

First she says:

H:

And then

And ator

MMmm o lotf ... Lthink T am doing It ‘cause | am not confident
that they are actually saying the correct things, sa that when
they say something the ehild who s saying it knows what she
nieans but the rost of the class is nat necessarily going to got
the correct meaning out of it.  So [ rephrase. But it is o
pioblem for me that | do that ... 1 think {t is undermining of the
person who puts ferward the idea to have wiat they say put
into another langucye. But uften | got the child to repeat what
she has just said and the class still doesn‘t understand ond
then | rephrase and say NOW da you understond and of eourse
they say yes, but ... you know ... you ean't necessarily have
the lie dotectors ol .

« fike there she says "the shadew of time' and { eould maybe
havo gssumed that she knew what she was talking about and
just carricd on .. but that is something that 1 picked up quite
pften. ... 1 didn't allow that kind of inacouracy of language to
go through.

And do yoeu think that is a problemy?

Na [ think it Is necessary.
{Vi1, 103-138)

0 the one thing that stiikes me here with this kind of thing Is
that 1 am saying specific words, very speeific teaching in a
way and [ don't know that it octually makes a difforonce. 1 om
hoping thar the specitic ehoice of language sinks in s0 that
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and she gues on to arguc that this is why it is $0 Important 1o got pupils to speak
in ¢lags:

Sa:  So with that sort of thing you don’t realise unless they
are actually saying it. 1 mean otherwise you can be
totally confused. There 7s an acute angle that is less
than 8Q and now suddenly it adds up to 180. So. um
. that is tho sort of thing thet you pick up whon you
are tolking to them on a semi-casual basis lke that,

{V12, 147-168)

Cliva reflects an how a word like 'simplify’ has multiple meanings in moths and he
tried to wark with that, and also how he strugglod to work with the ratio P:Q =
2:4 and P's *share' was 1/3 not 1/2. (VIS, §0-54)

As Pimm states, awareness of difforent rogisters and ef how the same torms and
usos vary within and across thom nocds to be fosterod or cultivated. The question
is: how? (1987, p. 1089). The toachers' axperionce and knowledge in this study
suggests that axplicit language teaching is important, They grapple with oxplicit
language teaching in both their reflective lnterviews and the werkshops.

4.2.3 Explicit language teaching through using ‘correct’ mathsmatical language

I noticed, as did samae teachers, that in addition to axplicitly teaching mathematical
languagy, thoy waore concerned that puplls expressad thomsolves corractly.

Sara believos that pupils must learn to say what they moan In cloar mathamatical
statomonts:

aa:  Listen to what they are saying: they are egual o the angle on
the eppesite side ...

J Da you think they know what they mean? How mueh Jaes it
help if they say it right?
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H: ... It is just the process of them starting to understond., 1t's
Just like a fecling that you geot ... because they were quite
hyped ... it's the difference in the words ‘opposite’ and
‘adjacent’. Like wha lives opposite to you. And the difference
between angles and sides ‘cause you come across it in
geomeotry., They talk of angles and sides as if they were the
same thing. They 'l be talking to you about a side and they
will eall it an angle.

oS Why?

H: [ am not sure - that is why | go on about It here
freferring to excerpt on video} - becouse sometimes /
think they don't know that they are talking about a side
and not an angle ... and in trig nrw we have a side in
rolatian 10 en angle rather than an angle in relation to

-another angle, ' '
(VI11,224-248)

What is intoresting here is the muitiple meanings of Lath 'opposite’ and 'adjacﬁnr‘.
Thair prgvious use in geometry would have been in relation fo opposite angles or
opposite sides {for exampla, vertically oppeagita angles or eana~'tn gides of a
parallologram} and t¢ adjacoent angles. Now opposite and ad;. -~ - must refor to
a relationship batwoen a side and an angle. Helen soes the importance of
sxplicitly working on these multiplo meanings.

Sara roflocts on how having pupils sav aloud what kinds of triangles they have
drawn, and doing this rapoatedly, assists tho mathemitical thinking of all pupils,
hut particularly these less fluent in English. It also helps the teacher soa difficultios
puplis might be having. For examplg, one pupil gonfusaes ‘acute angls’ and ‘acute-
angled triangle’, lllustrating Pimm's Mumination of joining words togather te form
diffaront meanings in 8 new ragister;

Sa: .. ke when | asked abaut an acute-angled triangle and he {a
pupil) says ‘na an acute angle is less than 80 that is what he
was saying there. Sg it is to put the acute angle together with
the acute-angled trianale.
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‘We know that imastery of the mathematics registor, with its borrowed words from

English and their changed meanings: Its croation of now words; its use of
metaphor; with the way words are put together to form speeific neanings (Pimm,
1987), is both necessary and difficult for all learners. Registor confusion is
- possible in any mathomatics class and, as Pimm argues, ‘unexplained extension
of concepts can too often result in the destruction rather than the expansion of
meaning' {p. 110). The question then is whather it is any morg complex in @
multilingual contoxt, and if so, how? |

In Pimm's terms there is 8 double layar of mathematical meanin, required in
reading and expressing '2-5': thera is the symbolic meaning and reading of '’
here which includes the shift from natural to whola numbers, that larger numbers
“gan ba sultracted from smaller numbers; and there is the order of tho symbols
where here B must be taken from 2, yet the symboalic order Is the reverse. The
preposition ‘from' is borrowed from English, but takes on a particutar maaning in
the mathematics here ag part of tha mathematical register. Suo's axporience also
suggosts preposition use causos spocific difficultios for ESL lsarners. She
commonts In her Initial Interview that somo puplls who are less fluent In English
have difficulties with division ond subtraction that link with their verbal
 exprassions. Many say ‘we subtract this with that' {where 'with' roplaces ‘from').
This use of "with' in addition and multiplicotion whore *adding this with that* or
'muitiplying this with that' is unproblematic in practice as the arder of "this’ and
'that' doos not matter. But it doos matter in subtraction. Ensuing misrcadings are
then likely in *word problems' and in communicatian,

Thoss mathesausal register difficulties aro added to by Helon, Sara and Clive and
relate to borrowed words snd terms and their often multiple Mmeanings {Fimm,
1987, p. 91). Helon discusses confusions with the torms ‘opposite’ and 'adjecent’
that have to do with pupils not being ¢lear when and whother they are raforring
to angles or sides.
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board I never s¢ v hey you ... becausa | tried that ... and when 1
foreed them 1o talk then they never wanted to come up front. So
then I felt ... then only the somoe few wilf come up - those that feol
froe to talk and others are not ...

(vi4, 74-83)

It Is a good thing to talk to each other but I think in Tswana it

hecomas a problam because. um, ke if ho explaing In Tswana ...

finaudible} vur language is unique and whon you come to ‘at most’

and ‘ot least' then what are you o *n 19 say? For in our language

‘araater and equals to' and 'gre . . there is a little difference, |

have to use a long sentence for  ~ - than and equals to' ...
{vi4, 118 120}

! think if | was to explain in Tswana | would run out of words ... like
you can't say ‘minus four' - if you try to say 'minus four' it won't
really make sense. And for my mixed class it would alsa bo a
problem because not everyhody speaks Tswana. So must 1 do it
again in Xhoesa and thon Zulu? 1 weuld dofinitely run out of words
and go back to English ... But you see my problem, there [pointing to
the video) in the middle of that group Is Nomathembs and she is Zulu
and | don't know how n.uch Tswana she understands.
{Vi4, 140.146, 394-397)

The bonefits and offects of codo-switehing in practice, be it in the form of
transiation or in Informa! discussiun, are by no means eloar for Thandi. The issue
of gode-switching was taken up in the workshops and i discussed further in
4.4.2. The toaching of inaquality language in Thandi's Std 9 cless is tho focus of
the vignotte in Chapter &,

4.2.2 Mathematlcal discourse

Jabu's pupile also talk to oach other in Tswana, He ie not troublod by this, Itis
also clear that pupils in Jabu's class struggle to oxpross themselves in English.
Waorking on the value ef 2-8, one pupil argues, very haltingly, that the answor is
3 baegusce 'you ¢an minusg 2 /ntg §' {my emphasis), Intorestingly, mest tha class
agreod with him!
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English and Motsoorl said ‘obviously English'. And two said
milxed - that is they could go to Tswana if thry necded to.
Al the four boys who wanted Tswana are aid fiam one group,
from Eddie’s group ...

Sa:  Any whon they have their discussions, do tl. . also have it in
Tswana?

T On the video, they were doing it in Tswana, though /
thought they were talking English before | saw the
video. It is only Grace wiw was doing it in English - and
in Grage's group thoy were not talking mueh - it was
mainly her talking like a toocher

{w3, 212 231}

. She oxplained why she thought they made their difforent ghoiges tar the language
- of the ntorviow:

YA 1 think it is boeause they wanted to be free - they are woak
somao of thom, always quiet. When 1 asked them that | wanted

. to interview them, one of them asked: 'Mam is it going to be
in Engiish?* 8o it seems more wanting to b free. And also in
thelr roasans - when | gsked themn about learning in English -
nobody said they wanted to be taught in Tswana., Even the
bays who wanted o be interviswed in Tswana Soid they
wanted te be tought in English bocause when you leok for johs

o DO that's the noxt ane, Androw said: 'l think it is good
because In the diseussion | have in the mether tongue | find

that others are Xhosa and others are Tswana and we ¢annot
understond pach ather and olse whon we gpoak Tswano we
Fove freodom of speech and we end up hurting athers.
flauahter). 'Se English Is best', said Andrew, ‘because even

aur ol exom will be in English’. And he was not the only

ene concernod about thet, Eddie talked about loaking for jobs

ond one of them said when you o overseas you speak English
flaughtorl, 8o although they know oven it they ean de it in
Tewana, they know that the way our future is in South Africa
means they end up having to go it in English or some stage ...

«. And the next was interosting when I said: 'But 1 noticed
that you were warking in Tswana'. Andrew looked surprised
and he sai:  in our group?* and when [ said 'yes’', he said
‘hut somutimes it is difficult to interprot the quoestions in
English and in that case we use Tswana.' The others said
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S <. the kids are part of that as woll. Just thinking about my
rnanscrint of my video hore - where Hdon't talk a lot. [ talk
very little - there are very fow points whers 1 come in and yot
1 1edireet the discussion twlally when | do - 1 can take thom
away from what they are trying to da - [ have misundeestood
i, ninging my own imerpretation and off it goes, And that's
the kids and they take that on.  They see me as poweiiul and
If I am redirecting it thon that is where it must yo. And it is
hard becouse you do necd to he powerful, you do need t:
redirect if they are going off,

(W2, 618 628)

Thandr's interest i discussion was more on the groups of pupils themselves and
how they functioned. She interviewed nine pupils from difforent groups in her
glass on how thoy poreoived group loarning. Sho asked thom abaut how thew
groups formed and about gonder relutions in this process, who besame leadors and
wiy, nhout how thoy argued with cach other and the language thoy used in thet
discussigns. Sho found! strong differenes in pupils' choicos about who they waork
with, somg going for strongor poacrs wha will ietlp them with thor maths, others
going for cquals and yot ethors ehonsing to work with pupils they can belp.  These
ruise mifuresting questions about pupil preteronc s and possibilities tor functionmy
within ereated 2PDs. T' ndi's interviows are viry interesting and form part of hor
own rescatch {Setati, 1994},

Most mterosting in ralation to this study was how Thandi's intofviowes interastod
witti hor on why they spoke in Tswana in ther groups.

4.4.2 Codae-switehing ravisitad
Thandi analysed what her intetvieweos said:

I: Then about inguage ... there was soemething amaeing about
language.  Four of the ning said they want to tike the
intorviow in Fswana; three of thoem said that they want it in
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Helon refects:

e Just ofter the sentence is writtenr onr the hoaed aond 1 ask "What
do you understand by this statement?’ < the one ehild puts
forword a perfeet explanation: she tolks abeut the angle being
tho same in both triangles and then she talks about the depth
of the triangles ar whatever and [ pick up on thot ... amd then
this child now doos it abselutely perfoetly.  So, that is twe
very good expressions of what is going en.  And yet when you
ask the elass: Is this sentenee correct?’, there is this complete
silenceo.  So the guestion for me is: even in the minds of those
two ehildren who put forward such coengistent exphinations,
what's geing on with them? that they eannot um pick up
incotrectness in the sentenge,

o 1 think that that seatence come out of something that the
group was warking with ... if you actuolly take a sentence like
that which is supposed o be conpise, and it earries a whole lot
of meaning there Is difticulty ... They ean tlk to you about it
and thoy can give you a lang explanation of what to do ... 80
its seems to me to be also a prablem of expressing a lot of
maths in one clear sentence.  For me that is olsa linked ta the
. ssue of how we transmit maths to ecach ather. If you make &
mathematical statemoent you are invelved in getting it dowan to
a simple, short hand language that we ean all shore ...
Wz, 80-121)

H: . in rotrospect, whon @ lpok at that lossos, | woent on but
MUCH TOO LONG [laughted] on and an and on and I keep
seving the smno thing and | repeat myself, en and en ... antd
1 watch the viden and 1 think | wander why thoy are stilf sitting
n their seats and I am falling en the Hoar falling asfeep. But
the thing is then if you have sense that there is a shared
meaning amengst the group ean you go with it? um when the
semtones is eamplotely wrang? ... Gon you let it go? Can o
teacher use a sense of shored meaning te move on? 1 think
this is o cowtral quostion in terms of the verhalisation and
discussion,

(W2, 151.185)

Samao of the diseussion amoengst the toachars hiers foeused on teaghor intorventian
and mathematical languane develepment and Sue addeod the important ingight thot

teachers' behawviours hero aro not simply of their own making:
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For Sue, Thandi and Helon, there are clear dilenymag in mediating mathematics in
a more partcipative and onquiring approach in schools whisre clusses are also
multilingual. Thig issuo 1s taken furthior in the vignette in Chapter 7, and focuses
an Sue's Std 8 class.

Helen also expinead discussion and verbalisation by vidaoing the inteoductory
losson with E.d 9's who were the Std 8 class in trigonometry the yoar bofore.
She asked pupils to work in groups 10 summarise what they thought trigonometry
was and what thoy felt about group discussion in thoir mathematics elass, and
whether language was an fssup for tham at all.  Very intergsting issues emergoed
for discuasion. Helen's action resoa'rch highlightod the speeific problems that can
arise in whole class intoraction with pronunciation on the one hand, and with
pupils’ articulation of their mathematical thinking, or more genorally, how
' ﬁranum:iatian and articulation intoragt with mathematieal meaning making.

CH: One of the issuss was linguistic ... the sound issue hetween
sides with an s and sizze. A lot wero hearing siae whon 1 was
saying sides and we picked up on thot issuo and then (on what
trig Is} an o ratic being the same for a given angle in
diftorent sleed trigngles. When Jilf and 1 discussed this we
talked about the ene port where a child put forward what she
thinks Is going on in relation to that Issue and it is a question
of even though her language fs not clear is there understanding
amongst the rost of the students and it seoms like the rest of
the students de understand even though she is using incorrect
language. So we van wateh and think around that,

{W2, 18-33)

{On the video, the student says: the ratie of the twe Sides is independent to the

size of the angles in the two triangles and Haelnn weites this word for word on the
hoard for the ¢'ass to think about.)
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She struck a chord with the other teachoers in redation 10 a koy dilemma in teacher-
pupil clussroa interaction:

What, like, maybe sometimes If a teacher deest’t got in and
tell and give direction - then somoe of the other kids might in
the end not know or appreciate things that are not said or are
not right or whatever, duting the discussion, 8o if yau come
in 1 think it might help in giving direction ...

(W2, 1§15.1520)

um ... and it is such e difficult thing to know whoen to give that
direction, flots of agreement). | think of trying to teach y - tan
x to the Std 9's, and say to them investigate and then just
foaving them for five minutes ardd they have got to 80 degroes

nd {..} things hoppening there and thoy kept on, the groph

guld just suddenly go through 80 so they didn 't know where
it should go and then 1 struggled with myself for a long time as
to whetlier | should tell them to look at 89 ard then 89,99
and then withdraw. Um, um and is it solling out on the process
to already tell them to de that? Sv then ! sold out and told
them to look at that and then feft them in the hope that they
would look at 80,1 and 80,2 and they didn't. And so then 1
dide:"t know in myself whether | had speon fod them to look ot
89,9 and then they weore walting for me 20 now say look at
80,7 ...

(W2, 1524 - 1545)

-os 3, YOU SO0 I think that is interesting hecauso the one thing
that there Is always a tension for me between telling them
where we are going and letting it be a surprise.  flots of
agreement). Like if 1 go to a warkshop | somotimes don 't want
to know what is happening at the end of tho workshop i want
it to unfold - beautiful spiral stuff, um whereas then the noxt
week you do a reading that says it is important to tell the
ehildren where you are going and so you spend the next week
gaing: we are going to do this and this and then this - so that
they know wi wre you are going and there is this constant
tension um and what you are saying kind of fits in with that ...
(W2, 1601-1617}
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C: 1 think that Is going on all the time - particularly second
language classes ... | think the command of languago is vory
difforent and thelr use of words Is different - | think - because
the way they are talking here - fust coming in to that
discussion sounds like gibherish to ma.

(W2, 1186:1181})

But Suo was ot 50 suro:

S:  toriginally thought the same as Clive ... but it alse might be,
thinking about it now, we talk abeut ‘you draw an angle’ that
is quite a common phrase, and what does that mean? Dooes it
mean you draw that or that or does it mean you indicate,
witich is what he Is meaning here ..?

{W2, 1182-1200}

The grucial point for Sue was how, as toeachior, you 08soss tho valug of sugsh
discussgion in tha mathematics ¢lass:

S Um, you see !l don't know how to assess it ... ‘eause in the
end ..} | mean my way of assessing it is with the uther ¢lass.
And in the end, 1 think this class got the seme as the other
class got - so 1 don't think it was negative. But I think | could
possibly have made it marg positive, . if I had heard what
was happening. 1 could rove come in in a better way - and
also drawn In more othor kids, yeu know, although that is alse
o difficult Issue. You know ‘causc there were seme who don't
foature here at olf - and 1 don't know how thoy poreeived it,
and what ey got from it.

(W2, 15. 3-1378}

Suo also ohsorved in the transoript that her interaction with tho pupils was ofton
telling pupils things rather -han o sstioniag thom in the typieat I-R-F (initiation,
rosponso, feadback) modn. & 1 she then arguod:

S What | am trying 1o say is that I think that is how we structure
the losson - that in faet it is not so much | have to ask
guoestions. Ithink | am trying te say that | think tell is alse OK.
That it is more honest ...

{W2, 1801-1508)
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soecmed to bo quite periphearal and then ask them firgt of all
how thoy folt about tho oiseussion, whether it helped or
confused - I thought confusion was quite an important thing to
focus on - and then 1 also wanted ta try to get at their
understanding so I asked them the question again to see it .
thoy had ehanged their mind and to be able to ask them why

LTS

(we, 816.831)

Through this proecss she made interesting observations:

* that whole ¢lass interaction in thig instance does not halp alf pupils
in the samo way, and some not at all; " 3

* that whole class diseussion hero i side-tracked by the toachor's
misundorstanding of the pupils’ debate, and this Is nat nocossarily a ;
funetion of differont languages in the elass; j

’ that toiling the class about mathomatics con serve o positive teaching
function.

L]

After intorvigwing pupils:

8! o the ossumption is thot the discussion is helpful to
averybody in samo way. In one sease it was not helpful te her
fthe pupil interviewed} at alf - sho did not ehange at all ...

{W2, 1060-1072)

Aftor anaiysing tho transeript:

8: .. anather interesting thing that 1 found was what in faet the
diseussion was about ... it seems hero (the transeript} that tho
meanings of the words ‘cheose’ and 'draw’ were quite central
which I didn’t pick up at all, ... And then | come in and ehange
it rorally by asking) is there one or is there three - fLaughs) -
and they are cheosing and drawing - tlots of laughing).

W2, 1163-1183)

Clive intorpreted the misunderstanding as related to ditferent languages in the
elass: ' e
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« in tho solitude of this most private act, | write, in my public
language, in order to update what might lave bean my other seif.
Tha diary is about me and not about me at all. (Hoffman, 1989, p.
121)

Though writing and spaking ate different, Moffman forees us to think about what
it means to oxplain ourgclves in a languago other than the language of the solf.
Writing is not & focus in this study. This extract nuvertheless raises guestions
about journal writing as part of continuous assessmoent in mathematics clagsrooms.

In this teachor-led workshop, there was discussion of what teachers said and
justification of how thay acted in relgtlon to: discussion and verbalisation and
whether and how thoy help mathematias learning and teaching: oxplicit language
teaching which can both help and hinder; and, though most vbscure, the particular

-layer of multlingualismy. These ralate directly to ray researeh quostions and aro
interwovan into tha three vignettes doveleped in Chapters 6-8,

4.4 Follow-up action rasearch: the two remalning workshops

While all five teachors participatod in the twa fallow-up warkshops in May and
August 1893, three actually engaged in some action rasearch. Sue transeribed the
fesson in the class waere thore was lengthy discussion on tho reflex angle. She
wanted to sos oxactly how she and th{} pupils interacted. She alse intarviewod
a fow pupils trom the ¢lass to see what thoie undorstandings of the lossons wore.

4.4.1 Discussion and pupli lsarning
Sua's overall question for the workshops was)

8¢ ... doos discussion help with , » Kkids mathomatical
uaderstanding? | don‘t know how to get at that ‘cause I don't
know how you measure understanding, | first thought | would
take two kids who had participated a lot and then two wiho
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latched on to it to try to get to this concept of inclusion ‘couse
I know it was coming up later on, and I couldn’t use it. They
were more confused about the inclusion at the end of it 1
don’t think they were confused about the roflex angle and the
triangle. 1 couldn't use that {the inclusion) in the way that |
had tried to and | wouldn't have realised that if 1 hadn't seen
the video afterwards. 1 probably woeuld have done the same
thing again. Now | know I won't.

e F wouldnt 't let a discussion like that carry on. What warrics
me is that In o different situation another thing will come up,
which | will go with, not having the advantage of hindsight
afterwards. That is what worrics me. 1 think it is good in
gencral. [ prefer o more open debating appreach. It foels
better but | don't know if it ~stually is botter,

{W1, 1380:1436)

Agido from the spectfie issuo of language-use in Thandi's glass, the discussion and
issues in the first workshop wore not specifie to pupils whoe were foarning moths
and Engtlish at same timie and in different contoxts, It is interesting here to reflect
on a coinment from Clive:

C: What is interesting is that in guidanee thoey have been asked
fo write about their interests in their own language and in
English and the two are completely different. And in fact, you
develop your personaglity in your first language - you don't
have the same personality in your second longuago,

This aftirms BEva Hoffman's discussion of hor adolescent diary writing. Hor main
language is Polish, but she is now a rosident of Conada. English i8 her prosent
languagn but it is not the language of her omations, sa in what language dooes she
write hor diory?

If | am to writ¢ in the present, | have to writo in tha lahguage of the
presont, aven if it is not tho lanquage of the solf, As a rosult, the
diary bocomes suraly one of the most imporsonal oxergises of the
sort produced by an adolescont girlh  Therg are no soentimental
affusiong of rojocted fovo, eruptions of familial anger, or conseling
broodings about death. English is not the language of such emotions
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For Sue, the major question was: "does discussion help or doos it confuse?’
Sue shows two discussions from two classes on the same problom: if you have
| g reflex angle and you try to make @ triangle it is impossible, you will get a
fluadrilateral. in both classes, somo pupils’ interprotation was that there could be
a triangle with a reflax angte « it was outside the triangie, Sue had “just assumed
that wouldn't boa a preblem*. The lssue was dealt with quiekly in the first ¢lass
where one pupil says "the angle must be Inside’, but In the second class & whole-
class debate ocourred with puplls arguing not about inside or outsido angles but
whethor there werg one or three refiox angles, and whether you san draw throe

othars fust listening and at the end of it just writing it down,
f oiso spotted ane group where the greup leader was talking
and she was asking them questions - sart of forcing them 10
think - wiile others felt the good one leads the others - must
t/o it for them. She was different - she asked them questions,
then the answer then she writes down and they go along with
her ... also most were talking Tswana, it was | think only eng
group who were talking English - all the others were all talking
Tswana,
{wW1, 750-764)

hut then choose one.

S

I do wonder with the second class - the other girl was saying
there are throe reflex angles but she chese one’, It s
interesting, 1 think he saw there were three but he was only
reforring to the ono - ho chose ong - and 0 me that discussion
in the second class was g total diversion and it went ¢n for a
long time - and | dan't k..ow if it helped ...

(w1, 13588-1364)

! dan’t feel it was a problem, hecause | think in both classes,
the discussions achicved tho samo thing, The second ¢lass,
it wag | who sald the interior angle and In the first class it
came up from them. Maybe it was when | was gioing reund -
{ can’t remember mayhe § said something then. 8o in fagt the
only difference in them getting what I wanted to teach them
was tigt it taok longer In the second class - but what they get
Was quite an interesting discussion where they were beginning
ta challenge cach ather, But | feel uncomiortable because |
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sotting, where a language of Instruction is adhiored to, talking to learn means
hhving language to talk with, and displaying learning means having acquired the
fanguage to do so, Sue and Thandi both bring out their difficulties In their different
multilingual cantaxts - the issua of not having the English to display knowiodge -
und the issun of how this might be develgped.

~Helen wont on to question who actually bonefits from puplls' verbalisation or
articulating their thinking anu thaughts:

H: One of the things that struck me seeing the range of our
different work Is that therg Is a lot of feacher Wik and how
much of what we call language, verbollsation and all that is in
fact ... wo have this thing and we land up doing much mere
verbalising than they do and then we leave our lessens foeeling
OK and in fact there hasn't bean much pupil talk ...

{W1, 1480-14865)

Qthers agreoed that there is less pupil varbalisation than thoy had thought there
was and they would havo liked. The teachors then also discussed whother taik
benofits learning. It does benefit teaching becauso 'hoaring what it is pupils think
and articulato gan help you ses what they understand'. Of coursa. within the
framowork of a soclal theory of mind, tho dichotomy between teaghing and
leanilng is quostioned: if a teachor has access to puplls' thinking, this could aid the
mediation procoess and honge puplls' learning.

4.3.3 Group discussion and classroom In- raction

Thandi showed an excorpt peinting out how differantly the groups in hor class
interagt with cach gthar, and how thig is pre " ainantly in their main language.

T What 1 was intorgsted in is how my proils worked in groups.
! ehecked my studonts where thoy worked in groups - how did
they run their discussion, In other goups the group leader
was dominating. He or she was the only porsen talking, the
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oo It the one day ar.d then not the next? ... Like Debbie had
put it inte words bui har’1't come to full ppssession of 11, ...
{W1, 345.365)

Explanations from the other teachars ranged from pupils not knowing how to say
what they aro thinking - ‘they don’t heve the language' (Thandi} -~ to the
conceptual jump from sin 40 o sin theta being undorestimated, and suggested
stratagies for enabling pupfls to axpress what they think in pairs or writing down
thair thoughts.

" Helen held to her question:

H: I still think it Is not answering the central question ‘cause
thase strategies when ! have used them, they still mask that
coniral question. Whether you write it down, say it {6 your
partner - oll those things that 1 use a hell of a lot - Is stilf not
answering the question of whether it Is hringing them into full
possession of it.

(W1, 646-552)

For Sue, who was constantly cancerned with pupils' meanings:

S: My question is a bit different | think, | also gt the feeling that
Just talking about it is not enough and either the kid has the
concept and they can't say It or ¢lse saying it doosn’t refloct
the conecept. So my question Is shouldn't | be gotting them to
tolk about it In a different way, or intervoning in some way 86
that they learn to use language ... No, that Is not what ] am
trying 10 say - um ... so that their act of verballsing gets more
saphisticated so that it does help them ... llke with Debbie if
the kid says semething then we agcept it antl wo could probe
mote - then we could start getting it to be more worthwhile -
but 1 don'’t know how o do that,

(W1, 680-697)

We sen toachors steuggling hore with the farmative and knowlodge display
funetions of tolk. Talking to leorn and simultaneously demonstrating what nas
heen learnt by talking, bring now sots of pedagogieal questions. In & multilingual
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Lintked 1o «* nexddity that code switehing is not straightbaweard, Thandi said:

T e 1010 Q10 XDosa Speakers in the elass - £a if | am speaking
Tswana thon they cemplain | am faveuring thoen ...
14, 538 581)

On the other hand, Jabu seknowledged difficultiog teaching in English and
explained hew some ideas (those easity hinked to overyday life] are conveyod
better if explained in Tswani.,

Jar o L., at times fteaching in Englishl is a problem.  You feel bid
that you don't succeed 1w regeh them, and then this is b,
But it anly happens in the lower ¢lagses ... with the weng it is
English all tae time.
3, 460-464)

Talking about tne 2it - 4 problom above:

-

Jar 1 say, ‘my girl, bring me that hook'. Thea [ say " have twe
books, and sho breught ene haok'. And that, problems iike
tha. ! g an in English. But there are simifar eases like say hilf
plus half, and they have serious ditficultios, and thea 1 say, in
Tswana: 1 have ¢ half a loat, and o half a leat, how many ... "?

(113, 490-500}

e acknawilodged that ‘unfortunately* at a Std 7 love! pupils interact with eoch
other 'in their ewn language', but that ‘thoy need to talk to sach atber in ¢
languago that thoy understang' (13, 860-62), and further, that if he did noed te
uxpldin soniothing, ho weuld do it in both Zulu and Tswana us these woere the
languages in tho schoal,

It i ciear from these two aceounts that whilo these tecehers hold different viows
i rolation to Enghish use in oy it 8 passible 1o arguo that Jabu troats homo
Loyguage mora a5 o resouree than does Thandil,  both apoke about uging
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4.1 Develaping English vs. devaloping meaning: or, to code-switeh or nat?

Buth toachiers in the ox DET scheols wera fully tilingual {Englist Tswonud. Jabu,
whert hig needs to, alse speaks zulu in glass, This Gusot wis not shiared by the
four English-spoaking teachers, theugh oo did understand and speak seie Zuly.
With this te., o ar multifingualsm in wachers cotnes the possibility of Godo-
switching, of cotsmunicating in both Enalish and thes leanwes' main language.  As
diseussed in Chapter 1, there arg tengions in godo svutching a8 teachers work .
enable understanding and Fallow languane of instruction palicy (Rubagumya, 1984)
and these ¢reata dilemmas far teachers:

T: ..in Sl 7, where 1 asked a guostion and one answered in
Tswana. And 1 said:  ‘Con you please try answer that in
English - | don’t understand that?' and he said, crossly "No,
mam, but you are Tswana - yau gre ngt whiteé!' He was
angry. But it is not ke that in Std 9 ... they like o woerk in
English,

{il4, 426 - 434}

+

Angd fater in tho interviow:

T: Somotimes you find 1t you get stuek because students
eannat communicate = theq, thouglh not mueh, you resort 10
Tswana, You are earchil beeause if you do that then they
want you ta do it all the time, and they trn the situation 4G 4
Tawana ¢lass. Then they will never imprave,

{114, 544-554)

Eachor, thie toachor wag alea quite adamant that she *nover transiatefs)..’. Tos

gould be rolated to the strong poliey enactod in hiwr schoal by a grouping of
toachars which she explamod as folliaws:

T We have sort of formied a group, ' We have said that if thera is
snmeane whe dapsn’t come to school wo confront them, and
if you don't appear in £lass we eanfront them, If wo pass your
elass and v w are toaclinna in vernae, we eonfrant you. 8o
thot is the wing the group adoptd.

{4, 52 6O
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S0 thare is a confusion over conmutatvily ... eyl also say
"this sulitractod with that', '
(16, 853 884

Tho teachers in tus study were thus avware that the mathondics registor
fimathematical BEnghish) prosents difticultios in general, that it can clash with
everyday languagy, and that there are specitic instances of clushes and contusions
far ESL speakers.

Baffreuitios with mathematical discourse and algebraie Tuhguage are well khewn
and othor examnplos fram the data bave been discussed in Chapter 4. Such
ditfigultios are extensively diseussed by Pinun (1987) and exporioneed by many
fearners, irrespoctive of thaeir spoken languags. MacGregor {1993) pointed fa BSL
ditfreuluey with mathiomatical exprogsion in English, Toashers' oxporictees and
knowledge thut veays of speakisg mathematically in Atrdcon languages are difforent
urg boeng out by the gommion exampla of people wheso main language is ats
Africon ang saying in Bnghsh: "there are 4 ot 3 poople needed'. Tn English and
rathemateal Engiish tho typwal ordening would be aseending. This languigs n-
aae could el impact on mathematied commenication.  Novertholess, as 1 arguod
carhgr, the syue hofi s nat siply one of muthemitioal discourse, the Fomstor and
cymboke form. 1t s alsa about hoew mathematingl diseaursge (edueatod diseourso)
i learned (in Enghish), within sehaol mathematies culture (cducationdl iscGoursel.

4  DIVERGENCES AND THE EMERGENCE OF DILEMMAS

More interosting than that which wag comnion geross what alf six toochers soid
arn dunonsiony; of languago that emede for sme of the teachers in their particular
multdingual sortings.  Thoso kinguage daneosions aee intorosting bocauss thoy aro
biked to tho egontoxt of tho teachor's work and to situanions of ehango, and
- hnegunio they rovea dilemnas that thachers e thair pragtie: .
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problems', all gix teachers deseribed difficultios with mathematical English and

with algebraic kinguagoe. For oxample:

Jot

Sa;

Somo grapplad with how and whether mathematical discourse, particulorly the use
of ordinary English in mathematies, prosents greator difficultios for ESL loarners:

C:

-

8

e WHat dict 1 have recently? Oh yest 2a - . To me they Said:
{pointing to the a] "There is nothing here, s the answer is
2a" They see 2a and Oa and se got 2o,

{13, 470-475)

o "Simiplify® for Std 6 is a repl probicm - SOMENines it means
add the tenns and semetimies it means other things. ..
2, 605-607)

«a ONE I8 that they fpupilst just don’t understand the use of
words. They don't vndeirstand tho links botween certain
waords, werde whieh bave s'nifar meanings. Thoy tlon't got
tho subtloties. Like thoy doa't undorstand the ditference
botweon factorlsation and division, that kind of thing, products
and muitiplication, units, for example millilitre and mitlimetro ...
and certain words which have rigorous meaning, like ‘at loast',
‘ot mest’, things ke that, which are used in everyday
language. | think black learners use them diffetently.  They
use ‘at least' in particular ways ... Lagical things and negotions
aro difficult Tor seeand language learners, and wo havo thase
things in mathematies.
{18, 644 - G84)

Sometimes it is ordinary English that | am using 16 vxplain
things, The teehnical words are o problem but | think thoy ¢
for all kids. The mathematical English is also a problem for all
kids. but maybe, ... theve is this ono issue ot 'divide by’ which
comoes first? and 'subtragt’. Now that may be a problem: for
English-speaking kids but it mey also be eultural ... At our
scheol, kids say "this subtracted with that™ and | havo always
interproted to mean “this subtracted from that”, but it is not
clear boecause “this added with that™ can be the ather way ..
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Without wishing te trividtise any of the abeve, it makes sense that whore English
is leorners® additional kmguane, thoy will, at times, regort 1o their main lunguage
ins their learning, and that thoy wil! glsoe strugagle whoen toerecd to speak English,
Furthgrmore, teachers who con spoeak tho main Ieiuguage of the pupils will do so
at tmes. What these excorpts revenil, however, evea i somowhit superheially,
i that tho expuorionee of these learmers in sehool 1 such tat ot hies they are
blecked from using verbal speech. And in tortns of a sucial theory of mind, this
must have semao effeets.

: ... even though they can hear like | sard, it would be much
better if they could alsa ralk about it in English - they would
understond more - thoy wauld roise their views on it ond it
wauld make it cosior to undorstand. 7 think cemmunicotion is
very mmportui  in learning  maths, and it you can't
eammunicate then it makes it difficult,

(14, $29.540)

Teachers in this study thus know that in their multikngual s{mings. toaching and
loarning mathematies in Engiish movitably means using languages other than
English in the class; and that at timas, thoy and their students struggle te
gommunicatd with eagh ather it English. These aseounts wre frem multingual
classrooms. Noverthelass, with Suo's gomivont that somo enildran are just not §o
geod at oxploining themsolves, those acesunts support my criticism in Chopter 1
of tegont rescareh in clussrooms whore alf pupds are supposadly communicating
thoir mathernatical ideas and thinking, yot tha resoareh is sifont on communicative
sompetenco. [t takes communicative COMPOLONGS QLrass ail gupils for grantod,

3.2 Ditficulty with mathematical discourse, speciti  ly the mechamatics registor
and mathematics symbolic form

The togchers were aware that mathematieal discourse, and spogifically the
mathomanes mgister and mathematical symbebie form groato probloms tor ald
learaers a2 teast same of tho timo.  Astde framy woll-known diffigultios with "ward-

164



towards the group, listen, and thea hope that they don’t stop.
If they do stap 1 say continue and onee they have finished and
Iif thoy agree or ostablish somothing then | say OK now explin
te me in English or if thore is a chifd in the greup who doesn't
understond ve  , «nd there sometimes is, then | say "OK!
We don't understand, 8o con you explain to us?" Se they are
gotting the ehanee to explain in English aftor they have
understoot what they are trying to o in the vernac.

{16, 930-847)

3.1.2 Communleation in English is difficult at times

Each toiehor mentionou some occasion when oither they had difficulty in
oxplainirg through English, or pupils hod difficulty in exproseing themseives in
English. '

G Ifind if @ ehild wants to ask a quastion, they very often can't
osk the question, They might know in their heads what thoy
want to ask, but what comes out is a jumble ... and then

. semeotimes I think | know what thoy have said but then 1
answer tha wrong question. | can see from their faces... there
is a lot of ditficulty with black ehildren corpmunicating what
they want to ask,

1i§, 647-718!

¢ ldon't think they have a problem with hearing. They de hear
what you ar6 seying. But mayho answering back, asking you
a quostion in English, its a groblem ... when thoy have o say
it = saying in English that is the probilem.
{4, 430-440)

Ja: o at imes ... yau Yool that you don't suceeed to reaeh them
o At Brnes they struggle to oxplain in English. And 1 say:
“use any languagoe te oxplain the eencept”, ‘eouse I realise
that he is battling with twa things. First is the language and
then the second thing is the math eoncept. Lot him rather
strugglo only with the eoncept and pick up with the language
lator,

3, 460, 565-572)
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3 COMMONALITIES
3.1 Communicating in English, the language of instruction

3.1.1 Policy and practice

English was the officiaf language of instruction in oll six sehools and oach toacher
spake of learnors and/or thomseolves, using their main language at times.  For
exampla:

Ja:  Eh, okay you see maybe some werk is not dong, [ scold them | %
in English, ant it 1 foel that it has not got the message home, .
then 1 do it either in Tswans or Zulu, these are the languages SR
in the seheol. Then ... 1 fec! that I reach them, 5‘ -

.

v

Ji And it you are trying to oxplain sometling new, seme moths

Ja: Okay ... In that case I think of g problem in their day to day
situation, Then, 1 feel, if it will impaet 10 use the lenguage .-
they use at home then | resort to it. P

{and a lietle later)

« whes they come to telk to me on anything. 1 insist on them
speaking to me in English mast of the timo ...
(i3, 466-480, B17)

@y .. there s a rule in the school that thoy are not alfowed to ;:
communicate other than o English ... 1 den't 1e4lly stick to :
that too stiictly, unless ! have roprimanded semeone and they
breck inte vernae ... 0 quite often ! think they do
communieate In vernae, But very often, | moan, they aro
learning maths in English. 8o they will tatk about it in English.

{115, 725-739)

S (Talk in class is] mainly in English, but *hen it gors very
difficult or whon they stort fighting or arguing they will go into
the veenac ... and I have my own policy, not a classroom
policy. But, whon 1 hiear that hoppening, 1 will kind of walk
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The tallies in each map against the broad eurrisulury categorios deseribod above
reflect the mmber of tines the teachoer spoke about hor practice in relation 1o that
cateyory.  For exaaple, in Helen's {T1) trinseript there wore 23 instancees of hor
talking about pedagoqgy. Through the six naps and with the tailies in coch map,
presences and silences within and asross the intorviows became ovident. As the
frequency tablos below show, comtext featured prominently in both ox DET
teachars' intorviows, o refleation of their difficult working conditions, Pedagogy
iwhich includes appreachcs to teaching and learning, and elassteem interaction)
was noticeably more dominant for teachers who are teying to shift their clussrooms
to bo more comumunicative and mguiry-bosed. Al teachers talked about
mathematical discourse (and specifically the mathomaties register and symbolic
form) and ESL issuos. This was a function of the semistructured noture of th
interviow: | probed these issues if the teachers themsaelves did not ruse them.
Howoever, of significance was that far more was said in relation to ESL by teachors
3 - 6, alt of whom had fully, or almost fully, African ¢lasses. The silenge in the
two ox-DET toachors' intorviows in relation (o what | have te;med communication
and culture, was also  interesting, Jabu and Thandi did not discusy
communigation broakdowns  as  attibutalle o refationship  between
gommunication and culturo.

TR T N R R B U S S TR A v P I TTNETT CY A R Y e SR

TABLE 3: UTTLRANGE FREQUUNGY ACROSS 86t ECTED CATEGORIES
CONTEXT | PEDAGOGY | ESL | COMMUN & | MATHEMATICAL
. GULTURE BIRCOURS]
FLHELEN 3 X : 3 a
T2:8ARA 5 21 4 2 a
TA,JARY 1A B Q 12
T4 THANDI 10 f 12 0 8
R 3 12 ) 1 7
TGS 2 | 4
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carriculum as ralational and as an interaction botween task fimathonaticad

knowtodge), learer, teacher and context,

The broad curriculum cateqarics of mathemntical knowledgo, cantext, teacher,
learner, poedagogy fthe refatinnsiip between teaching and learningl and language,
as weil 85 sub-cutegories within cach of these tfor example, £SL, mathematical
discourse and communication) are those caregories of interprotation that arose
hath from the form of, and assumptions underlying, the intervicw, and the teacher
responses and diseussian, Careful 'fistening' to the data in the light of the field
of languaga and mathemitics cdueation assisted the construction of the Sub-
sategorics and the generation of & 'map* las in Figure (i} presented agains beiow]
of each teachar's interviow. The six teachor maps are presented in Appendix C.

MATH KNOWLEDGE LEARNER

I\R‘ A

PERAGOGY

« gxplicit language
] toaching
| < gpproachos
l

Vet W - Interaction
‘ > . ote

TEACHER

CONTEXT

I

LANGUAGE
ESL
= GOmmuUlication
mathomatical disgourso
= 0t¢

Iguo HH A R!aional View of Culculum |
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CHAPTER 6&:

TALKING 4A80UT TEACHING: THE INTTIAL INTERVIEWS AND THE
EMERGENCE OF DILEMMAS

.« lika there are some kids whe arc  eally not good at axplaining
themselves, and | dui . do anything to address that ...
' (e, 1165-1167)

1 INTRODUCTION

The focus of this chapter is the initial intervicw ond what the teaghers consciously
articulated about their practice. Tho initial interviews wera thus a window into
what teachers know about their practices in multiiingual classrooms, Whilg they
tolked about tholr précticﬁ in their refloctive interviows and in the follow-up
waorkshops, this talk was more within their practice sinceo it was In relation to
instance.s in their videes. Thelr talk was more within what thoy did, and with gach
‘pthaer,

This ehaptor analyses, intorprots and axolaing the language-related commuonalitios,
divergoncos, presonces ond silencos in the six teachers' initial inforviews. From
my porspective as rosoarchor, these rovodled how difforent contexts and
conditions give rise te difforent dilemmas for teachers ag they go chout thoir werk.

2  THE INITIAL INTERVIEW AND DATA INTERPRETATION.

As deseribed in Chaptor 3, the initial interview was somi=strugtured, comprising
throa contral qucstions relatad to tha gontext and othos of the tonchor's schaael,
genoral tasks and ehalfonges in toaching (unior} socondary mathomatics, and thon
~ the spagific languago ssues each teachor thought he or she faced. The functien
of the first two questions was to provide g gentoxt for interproting asgounts
related to tho third and main fogus of the study. This strugture toflects a viow of

159



As described in Chapter 3, the Aggust workshop was the last formal meeting with
the teachers.  While the overall rescarch process was expericnecd s a
participative and informative ong for all, the overlay of Inarning i an additional or
second language remained elusive as teachors confraonted the whole picture of
theit teachuing. Many of the Issues disgusscd, while on language in general, were
not necessarily specific to the contaxt being multifingual.  There nevertholoss
remained a strong view that the ared 1 was teying to unravel was an important onoe.

B CONCLUSION

The purposs of this chapter has boon to describe the entire data corpus and in s0
doing providoe a first lovel of descriptive and interpretive validity by romaining ¢loso
to the data, Three Issues emergd over and again: oxplicit longuago teaching; code-
switching ond pupil-pepil discussion are key longuage issucs for teacheors in
secondary mathematics classrooms. As a qualitetive study, howevor, descriptive
and intorprotive validity are necessary but not sufficiont to support arguments and
claims made. There noeds to also be theoretigal validity (Maxwoli, 1992). 1tis
in the dotailed analysis of the initiy' interviows in Chapter § and the vignettes that
follow in Chapters € - 8 that dilemma language cmergos and is dovelapod to
capture more effectivoly the three issucs in toachers' knowledge of language in
their classrooms describod in this chupter.  Dilommia language beocomes an
effoctive moons by which to draw maora oxplicitly on the seciocultural theoretical
framo doveloped in Chapter 2 and so engage more sharply wirh the rascargh
quostion and subsidiary questions in the study., Tho unravelling of the research
- question and its subsidiary questions througlh in depth analysis follows in Chapters
5-8.

NOTES

1. Chive onralled in posty greduate study in 1994 Parbapa their invelvement a the rosearch
prajoct provided o coutoxt and some incantive for the teachers to want t¢ swdy further.
Hewever, they wore on intorested ond professionafly astive geoup bofore this study. They thus
might well have goma to furthor study anyway. Sara, with 23 yoeors of teaching behind her
andd on Honoura doaree, had ne degice for further formal study.
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difteront things: like Pogiso said:  'Yes, mam, we were
sueaking in Tswana, Eddie started (.} ... flaughter). So f
wonder what would help him get inr and change - would it be
fike he was trying (0 ba hetier falking in English and so on -
and In fact Eddie was talking in Tsotsitaal and so it is not like
it was in Tswana. The other boys from Eddie’s group saitd
Eddie started in Tswana and heecause he is the leador they had
o follow.
{W3, 241-289}

‘Thus, just a8 Sue pointed out, pupils are implicated in and part of establishing
classroom culture and intoragtion proeosses. Both Thandi and her pupils have
sfreng beliefs about the value of English as language of instruction for
mathematics, that it should be used. These belicfs are implicated in, and thercfors
must be songidorad in any work an code-switching, agposially at sonior soeondary
teval, Thandi's action rosearch thus provides a valeabie soureo of dato for the
study which was not sot up to include talk with [arnors gbout their viows of the
language of instruction in mathamatics loarning.

Thandi, Sue and Holen have had mogt of the Haor in tha workshop deseriptions.
This is becausa Clive and Sara did less oxplicit rescarch-like activity In preparation
for tho workshops. They nevortheless wore full participams in the discussions and
their views have Lean ingluded in the areas discussod, it is worth peinting out
that Sue, Thandi and Helen all enroliew at the university part-time for further post
graduate study in 1993 and thus had o eontext that supported thoir writing sbat
thoir work - thay could build this roflective work inte thoir cowrse work. This may
acgount for their invosting moro time In proparation for the workshapa',

The selections the teachors brought to the May and August workshops again
brought out discussion on the bonefits of and eonstraints on: oxplicit language
teaching; working in and acrass languuges; and pupil-pupit talk in the ¢lassreem
in tho learning of mathomatics.
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Linked to this is the argumont that in mathematics clagses peor discussion and
teparting are two different tagks, and that raporting skills should not be left to
chance, but oxplicitly taught. Taeo much emphasis on process and pupils'
meaﬁings con inadvertently porpotudie social difference by not making explicit to
all lnarmas exactly what Is expocted of them (Moussley and Marks, 1991). Pimm
also argues tho spacificity to the communication skill of reparting mathematical
thinking {1992, 1894}, but raisus the tansion that if such skills are made explicit,
then there is the danger that reporting becomas fogused an the fornt of the report
rathier than its substance.

The ditemmas of mediatlon are clearly not new, nor unique to multilinguat

classroems. Thoy relate quite clearly 1o curriculum dilemmas doseribed by the
Berinks, Porsonsl knowledge va. public knowledge, learning as individual vs.
learning 45 social and eacht shild unique vs. ghildren have sharad eharactoristios
are all at play in mediating the school mathematies curriculum and particularly so
in classrooms whorg teachers have tried 1o shift thair podagoéy to valug and work
with personal meanings, social intoraction and diversity, Muliilingual gcontexts bring
some dilommas of madiation inoscapably to light, The erueial question now for this
study is how and whether the dilemmas that hove boen inferred fram what
teachors said relate to what they do. How do they aetf in the faco of such
dilemmas? This quest:on I8 takon up in goneral torms in tho cencluding section of
this chapter and is the fogug of tho vignatte in Chapter 7.

Linked to dilemmas of mediation is what | have termed oxplicit mathematics
language tcaching. Thig is » Jtratogy conseiously developed by toachars whose
classrooms recently chenged from heing homogoneously English-speaking to being
multilingual, and onge which they claimed benefits all ‘earners. Thoy wero forced
to canfrant what they othorwise took-for-granted - that the pupils, irrospogtive of
spoken lanpuage, wore not equally competent in English.  This diversity was
proviausly hidden in a seemingly homaogencaug English-speaking class. Here again
i§ 'goad practice' that noeds 1o be further doveleped and ghared.
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to0 each aothar about their mathematies and 0 report back publicly on thoir
thinking, different expressive compoetence is notcoed. While this would be the ¢ase
in any mathematics class, in muitiingual setiings it is aften difficult to wark out
how buth proficiency in English and undeorstanding of mathomatics are implicatad.
In more analytical terms it is difficult to distinguish whathor difficultics are
linguistie or gpistemic and how these are velated. There is thus loss of a tondency
to reduce ditference in expression t¢ the ‘innate' mathematical ahility of the
learner and more openness to seo it as linked to language and thus possible and
neeessary to act on in a spoeeific way.

The muitilingual gontext, while having its own layer of gempiexity {proficiency in
the language of learning}, thus alerts us to the issue of differential sammunigative
competence agross learners, This must bo present In any und all glassrooms, and
suffi#iont eognisance has not beon taken of it in resoarsh reluted to sshool
mathematies retorm inftlatives.

Chapter 2 argued that frons the perspostive of social proctice theety, mastery
entails talking within and about o practice. We need to eommunicate to learn, and
foarning is about begoming cominunicatively competent. If communicative
compeotengs, or talking within a pragtice is a moans to lsarning; then It beeomes
erucial for toachers to facilitate loarners in this, The difernma 18 hew and when to
getl Premature actions could sitance the learner and pravant the teacher from
r~ally listoning t¢ the meanings the learner is tving to gonvey (Jaworsky, 1981),
On the othor hand, dolayed mediation e .0 destrustive for the loaraer and
greate confusion In the class. What are appropriate and timoous medgiational
actions aimed at learners improving thelr oxpression of mathetaatical thinking {thoir
mathamaticol language or edusatoed diseourso)? In Morgor's tarms (1838} how
doos tho teacher assist the learner in moving back and forth botween the pupils*
informal oxpression of maothamatical ideas ond the cducated discourse of
riathematies?
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Ex-DET teachers face what | called tho dilemima of developing English vs.
developing meaning, particularly at the junior secondary lovel. Bucause they are
bi- ar in some ¢asaes oven multilingual, they ean switeh in and out of Enghsh and
other main languages, and the manner and oxtent 19 which they de this seems o
rolate to the contoxt of their sehoal and to their own theories.  Tha unportance of
English, particularly in the secondary schoe! where thore s greater impagt of the
mahematical {English) rogister, creates a pressure to teach in English and henco
the dilemma for toachors, whish tho fiteraturny appears noet to havo really
discussed, This dilemma relates to, but is not sufficieatly specifiod in, tho Borlaks'
personal knowledge vs. public knowledge dilemma. This is the dilemma over what
knowlcdyge is the mast warthwhilo: that which eonneets with tho kiawer er that
whiclh is more public and deemad needod to be knewn., Tho axpression and
display of mathematical knowledge in a learner's main language [but net English)
is probably more connected 1o tho knewor than to mathematical English, but it is
tho fatter that is the route to schalastic sugeess ang further peliticat and economic
aGCoss.

Tho problem of eade-switehing soems to disappoar in the senior segondary school.
Haw does this happen? What is it that toachers de? The dilomma af code-
switching {of developing English vs. developing moaning) is the foeus of tho
vignotte in Chaptor 6,

Ohviously, godo-switching andfor the oxtent of English spoaken by the toacher is
net an issue for Englinh-speaking teachers who do not speak an African language.
Those toachers, however, fuge othor dilemmas ag thoy confrant the otherwise
takon-for-granted in their particular gontoxts,

Teachers who have attomptod ta change thoir padagegy faco dilemmas that |
caited developing mathematieal communicative competonee vs, negeticting and
doveloping meaning. In multilinguai classrooms where pupils arg expected to tatk
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Whether it was about wniting 0 test on paper, of as @ group, or doing a
muthematical investigation, these pedagogical practices carried with thom cultural
assumptions about being in o particelar school and in the mathenutics cluss. Thoy
were clearly not simply about English proficioncy nor mathematicat skill, but gbout
these within classroom cultural processes. They wero situations where ali thwee
dimensions of mathematies taaching aned learding in multilingual ¢lassrooms are in
interaction, and the most difficult 13 interpret. They created what seent to t
dilemmas of explanation {in controst to dilemmas of action): /8 it the lanquage
andsor the mathoematics vs. is it the culture?

5 FISCUSSION

The teachors® initial interviews {what thoy suwd about their practices) reveal that
to a greator or lesser oxtent, mathematics teaghers in nultilingual scttings in South
Africa are alreody multilingual toachers, By this | mean thay have devetoped ond
are awiites of some practices and strategios to doeal with and onable the multtiingual
learnors i $yeir mathematics classreoms. In relation 10 literature in the Geld, some
practices, for exomply exphcit rathematics languaygoe teaching and encourdging
public reporting in class in English, tonstituto 'good practice' for all laurners. It
makes sonse then that theso sheuld be captured, shared and dovelopod with other
teachers,

But practices always have multiplo effects. It was possible to infer from these
rnathematics teachoers' accaunts that in their maultilingual contexts they confront
situations that would otharwise bo takon-for-granted, and some of theso situations
produce dilemmas.

The ditemmas are oxprassed in language that is difforent from the Berlaks® ditomma
language. 1 have used languagoe that focuses on particularities of language and
matheniaties. It is important, novortheless, to axaming whather and how the
dilemmay doseribod harg relate to these dovalopod by the Bariaka,
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Sa:  There are throe who really battled at the boginning 6 the year,
1 mear: the st test 1 did, ono didn't realise this was supposed
e be a tost ond sho fust stared at it not kngwing what to do.
She fadn't realised this was a test axd thiat she must wiite the
answers down.  This horrifiod me. 1 wos tetally astounded.
Surely her understanding cauldn't have heen that hau that she
could write nothing? And when 1 asked here she said she didn't
know she was moeant 10 wiite the answers ‘down hive' - she
handed this page with 1 - 20 written on amd the penny
dropped only at the end and then she was too seared 0 el
me about it.., ! folt terrdble obout that, And since then, | have
boen a fot more speeific 16 moke sure everybody is cloar whot
thoy noed ta do,

Yy, 51-671)

Thesa are ingtanges of communication breakdown., Wiy did they happen? The
teachms' struggied to iritﬁrpret ondd explom them ang this paints te the
gumplexitios af eulture and communication in mathematics alassrooms.  Suo
claborated at athor points i hor interviow:

S: 1 think the issue of secontd language learning is a real ono. |/
muean the fact thot kids are not understanding all the language
that is in the classiaom, that their languane Is nat the medium
of instruction ... 1 mean sometimes it may be previous
ocducational exporicnce. A child might Jook blank hecauss: thoy
are not used to what you a-¢ doing in class and you interprot
that as them aot understanaing (the mathslh,

{ug, 80% - 313}

8 Again it is past exporionce ... bocause they are used to filling
in words or doing oxoreises ... with the investigations it is
ditficult because often thoy sro structured, liko In the points of
degarture gnes where there gre ke five questions.  Each
question is a real quesidon and they think each question is like
a one word answer flaughst, 8o five minutos later they are
finished.

(s, 111311241
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Furthenoore, and as mentioted earlier, what was also interesting wis the absency
of both smisgonununicotion and the need for migre xphcit teaching e the
interviews with the ex DET teachers. Accounts of cemmunication diffieulties wore
aseribed either to English as language of instruetion or to mathematical languane
hut hot 10 whiat coutd be ealled "¢ultare and communication’ 1S5UCS,

4.3 Culture and Communication; having the language vs. having the culture

Theeo of the four Eaaalish spoaking teashors in pavate and Model € sehools wld
stoties of communication broakdown.

S: 1t's language as well. We tried twhen setting classes off on
investigative tasks) to explain it to the Std §'s in terms of
exploring, ke what do you do when you are exploring? You
go looking for sametling but you mayboe find othor things
along the way, and you try 0. we couldn't talk about
oxpiarcrs in history because they hadn 't dene that we talkod

. ahout exploring an arca like town or a new place for the first
time like fechool namel whon you first got thore how you
explare it. But it didn't really help as on analogy ... 1 don't
think, it may later ... but a fot of them mayho just didn't
understamd what we were saying...l mean the actudl English
I think may hove been a problem with the Std §'s,

{1, 241 - 253}

H: 1 am not surg if I can oxplain them but they happen ... for
example, wo didd o test at the end of algebra ... we developed
o st whivro they had to develog a pattorn... the little Squares
that ferm a T ... we st that as a group-work test se port of
the assessmont was working as a group ete, and then apart
from soiving and handing in something written as a graup.
thoy had to explain wiit they did as a presentation to the
eloss. The other 3 classes managod. My bridging elass didn't
hegin to handie the task and we had done threc weeks of
invostigation, whereas the ethers had enly done two weeks,
we had dene 7 - 9 Investigations and discussed, groups.
exploin an the beard ete. noething, nothing, nothing, nathing,
handed in pages of nothing, nothing it was werd,

{11, 617-632}



S that is interosting - they get hidden?

Sa:  Yus, vepecially 18 it is a big vlass and everybody seems to be
eanryieg on ikt working away and it is only when you come
amd look underneath that little hand to see whit is going on
that yeu realise notling is geing on,

and later

Sa:  As ! have said it has made vne more aware of being carelul
about how you present things bivause you knsw there will be
kids who don't understand everything you say. Whereas
befare yau just assumed that boeause Rids spoke English at
home they could understand everything you said, but thoy
don’t, and having the other childron thore makes you aware
that they don't understand the more adult words - more gware
of language. ' :

' {2, 675-88, 734.751)

These teachers® exporionee was that expliicit ianguago toashing did help, and it
halped svarybody. Pimm (1887) and Mousoloy and Marks {1881} also advosats
oxplicit teaching of aspoets of the mathematics register, and differont gonres
within mathematical discourse.

But the valuo of explicit toaching gan load to o deep podagogical tensien, and
henes acuta ditommas for toachors: loamer-gontred appreaches te toaching and
learming mathemoties ask for far mere oppertunity in glagsrooms for learners to
invistigate and buld mathematical moanings and for toachers te listen to, buld on,
angd interact with the maoanings learners bring to and make in class. This ig in
tangion with explicis mathematdeal language and genre teaching and both, in
difforent ways, are gbout aceoss to smathematical progessos and its produets for
&l tearnars {Adier, 1995).

Thore arg Qlso strong interprotations of eonstructivism that conflate or reduce oli
toaching 10 intervention in learner's meaning-making. For toachers who hold this
viawy, axplieit teaching will, in fact, pregont O paradgnx.
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apencd up two quoestions for teachurs, One {the last quote abeves relates b koo
the opening quote in this chapter, and that is resoghition that lenguage help is
needed, but mathematics teachors are hot language toochors, 8o, whero and how
do sueh skills develop? The second is when and how to help with ways of
speaking rathomaiically so that as teachar you still fisten carafully to what pupils
arg tryihg 16 convey [their exploring mathematical knowledgol, that you assist the
negotiation and development of moaning with students id do not block studont
meaning by promoaturcly warking on how it is oxprossed (their display of
mathematieal knowledgol.

This ieads to theo iszue of explicit mathematics language teaching, or what gould
be phragsed as the dilemma of when to  tell, model mathematical language vs.
when to listen? |

The noed for oxplieit mathematical longuage teuching was discussed by both
Model C teachers in theoir interviows:

H:  AS vou wore tilking, something struek me .08 the assumption
that everyone understands English ... you'll say ... [ can’t think
of an examplo ... at points when 1 give an instruction, 1 write
up the word on the beard so that ng-ane Is uncleor of wliat it
is and 1 have realised hew many kids from English-speaking
homes noever know that ward, the one | wrote up was the one
! was saying and that was Intortering with their maths a lot ...
{ can’t think of an example, but it has happenod 10 me several
times. Whero ! would have assumed a fow yoars oge in an alf
white elags I would have just gone ahead and tatked aways
and now because there wore black children i my ¢loss and !
was wiiting up in a eonseious effort to explain the English that
{ suddenly realised it was benofitting the English-speakers as
well,

{il't, 404-420}

Sa: | think ono notices it more with the black kids ‘cause it Is just
8$0 obvious. But thoere are some of the other kids who [ only
realised afterwards weron't quite sure what 1 was on about
and they w24 been toe scared 0 ask ...
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HM:

S

S:

The problem {in group work - with tiscussion in any language,
report back in English} is ... if all your discussion rs in Zulu you
get to the concept then you can't repart back In English so
you cen't talk about it In English 'cause you naver developed
it in English - they don't develop the English to speak with.
This is a difficult question - It can he dealing with the proliem
or making it worso - and now ! wont to Le able to explore it
further, 1 am not sure which Is hetter. If you start to try t0
develop the English while they are reporting then you can he
putting wordg In thoir mouths instead of hearing what they
have construed. '
{1, 691-706}

e Hke there are some kids who are really not good at
exolaining themselves, and | don't do anything to address that
except 10 try to got them 1o explain it again because the class
haga't undarstood, And thoy stifl do it badly, and then [ sgy
can someona help him? And by listening maybe he witt gat the
chanee to dovelop. | haven't spoken to the English teachers
about that but . want to because [ am sure they rave got
strategies 0! actually doveioping a more exset way of
COMMUCH g,

And taat would be an important thing to do?
I am wondering. | don’t know - these guostions are starting (o

arise....
(e, 11651176

The exparienco of bath thoso teachors was that learnors elearly have diffiulties
In oxprosging thelr thinking - but not just any thinking. it is spocificully their
mathomatical thinking, As is woll known, mathomatics is hard to speak {Pimm,
1987},

Theso aceounts word from centoxts of shifting pedagogy, from teachors whose
pedagogical practice hod greater emphasis an loarners' meaning-making and
included learners axploring mathematical ideas and then sharing thesa with the
whelo clags. 1t seomed that some learners nogd holp te express their thinking heth
in English and mathomatigally {or, in Mercer's terms, in educated disgourse). This
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and other learners} (sao above 118, 930-947}, (b} encouraging learners 10 usa
whatever language is comfortable as thay discuss and develop mathematical idous
with each other (the private spacej, but that when pupils repert on their thinking
to tha rost of the class (the public space) this must be done in Enghisk: {111}, and
¢} repoating idoas in English in different ways (i15) and ask'ing_ learnars to repeat
words and phrases in English (12).

Strategies {a} and (b} are common in ESL teaching and acknowledged as ‘good
practice', They ara bound into pedagogical situations where learners are seen as
active meaning-makers, angd hence given an opportunity to discuss their ideas.
This also aceords with Lavine's {1993) research on secbnd Tanguage teaching
developments iin ESL) that emerged as ‘good practice® for all language teaching.
The latter strategios discussed above are more linked to traditional teaching
modes. Each strategy, of coursé. brings its own dilemmas and these are dealt
with in the next section.

The quastion might be gsked: surely all this holds for alf teachers, not enly
mathematics teachors? It dees, but in the words of one of the teachors:

T itiscomplicated - the problem is the maths. ! don't think they
have a problem with hoaring, they doe hear what you are
saying ... Bacouse as | seid, when you are teeching they don’t
say 1 don't understand’ the English you are speaking. It is the
maths you did that they don't understand, But when they
have to say it « saying In English, that is the problem,

{il4, 452-470)

4.2 Devaloping mathematleal communicative compatence vs. nagotlating and
devaloplng masaning.

As argued oarlier, and recogniscd by all teachers, it is not simply the English that
is tho problom:
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viewed as inevitable and noecessary though 'unfortunate' thus reinforeing
Rubagumya's (1994} claim that in contexts similar to Burundi, code-switching is
toloratad rather than encouraged.

There is very little in tho litarature that alarts us to tho ditemma of code-switehing
for bi- or multiingual toachers in multiingual contexts, and particulatly so at a
socondary level, As diszussed in Chapter 1, research on code-switching bas bean
in bilingual contoxts, and mostly a* 2 primary level, Code-switehing and treating
language as a resource and not a problem makos hoth political and pedagogisal
sense.. Yof, from what the teachers in this study soid, code-switching in
seccndary multilingual mathematles classrooms in practice is not straightforward.

An ohvious question that arises Is: doos whut toachors say actually happon in
class? Do switches in and out of English sgour as they havo boen talked about
hera? What are tho purposes and the effects of switching? Perhaps, more
importantly, detatled research with teachars into their switching in and out of
Engiish could illuminate whether and how such practice facilitates and/or obstructs
mathamatical learning.

The dilemma of whether the teacher should use a main language besides English
in the mathaematics class {whether the teacher should cade-switeh) was obviously
absent in contoxts where the teacher was English-speék!ng, and did not speak or
understand any African language. While the dominant strategy for the ox-DET
toachors above was to use and have learners use English as much as possibie, this
practice was taken-for-granted in settings whero the teachor is English-spoaking.
What speaking strategies emerged as these teachers talked about their multitingual
settings, that Is, where the teacher is not bilingual®, and some or - - earners hring
to ¢lass main languages differant from the language of instruction?

Strategios included {a} being alert to pupil-pupll disgussion that occurs in another
main language and asking thot this then be explained In English (for the teacher
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multilingual teaching, that Is, they engaged in forms of code-switching. Thair
strategy was 10 use English themselves most of the time. But in the lower classes
it was simply not possibie to do so all of the time. Somchow, in their view, this
'nroblem’ disappears in the senior secondary schaol, The dilemma apparent hero
is how to davelop spoken English without jeopardising mathematical understanding
In the lower classes and this diletnma emergos because of the particular
multilingual context: teachers and many learners share a mgin language and this
is not the language of learning.

This dilemma s not only a function of educational policy of English as language of
instrustion. There is a political dimension. For both Jabu and Thandi, pupil facility
with English is aiso about access: acgess to tertiary education, 'to college or
technikon and there is English on campug' (4, 495-8); and access more gonerally
whare without English 'then the child will land up the vietim®. {14, 638}

The dilemma alsa reflacts the common sanse assumption noted in Chapter 1, and
one that is reinforced by the teachars' own learning experiences, that language is
acquired In use. Thus, if English 1s to be acquired, it must be used as mugh as
possible,'

It I8 intergating that Jabu chose to ro-explain the algebrale languags of 2a-ain
English, end further that the explanation invoked what Pimm has described as the
“symbol-object confusion so grevalent in teacher axplanations of parts of algebra,
28 88 '2 books' suggests that 'a" stands for 'books'. But algebraic language s
such that 'a' stands for 'a number of books', not 'books’ ,

That aside, policy advocating multilingual teaching is in fact already in practice
here. Bi- or multilingual teachers con and do switch in and out of different
languages hut face & constant dilemma, particularly in the junior secondary schouol,
over haw to develop both mathematical meaning and spoken English; over how,
when and for what purposes thore shes ' be ¢ode-switching, Code-switehing wes
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it is bottor to have discussions in English because there are other languagoes in the
class basides Tswana.

Thandi discussas their reactions and responses:

Nong of the students agreed that thoy used Tswana deliberat-uy in
their discussions, This may be because they know that it is policy of
the class that during the maths period alt communications must be in
English. {Setati, 1994).

As discussed in Chaptor 4, Thandi and her pupils are mutually implicated in the
view that English must b speken.

i

As a rosult of hor action rescarch with her pupils, sho goas on to expross her B,
dilerama in rolation to her puplls’ code-switehing during their group work. )

Thig is o dilemrr o because o3 a maths toacher ! would like te have my
students to understand U mathomatical concepts and at the same
timao to have them master B glish as a fanguage. espacially that they
learn mathematics in English. Grasping the goncepts might maan
allowing the studonts to uso the tanguage they understond bottes; in
which easa they will bo froe to communicate in theair groups although
the usage of English will not improve, On the other hand if thoy are
ferced to have their discussion in English they may either not do as
required or thoy may withdraw and not commutiisits onough in the
preups. [Sotat, 1984, p. 189}

Hor roccommendation, for hor own and othors' teaching, is that pupil-pupil
disevssion should take place in any Janguoage - but "reporting back®, tho sharing of
group or paired work in the public domain of the elass, must be in English.
Marcovor, shu roflects on tho kind of tasks that are apprapriate for group
discuksian, as waoll as how ta orqanise groups for productive and construetive
fungtioning. As disgussed in Chapter 6, thesy practices ary now well vstablished
‘good practice’ in fanguagoe clisses thomselves,
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I think so .. | would like them to speak English to each
other so that mayhe when you speak o them - like you
will notice when 1 A them to the board | never say hoy
you ... hecause 1 tried that ... and when | forced them
to talk then they never wanted to come up front. So
then 1 felt then only the same few will come up. Those
that feol free to talk and others are net.  Also It wastes
time.  Like I thought of trying and then | thought
somoeone will come up hore, wiite down s solution and
not see anything, and then do you wait? Do you
interrupt? So | didn't want to try. That is something 1
would lova to improve when they o up ...
(Vig, 49-6™

This articulated view of the importance of English and its consistent uso in class
¢ Thandi's reficctiva interview supports what she said in her initial intofviow
{Chapter 5). But the reality of hor lesson, that is, confronting what she saw in her
video, interests her and sho sclects this as an area of agtion rescarch to undertake
and share with us in tho workshops. She writes about hor action research:

« during tho maths period, students are oexpocted to work in English,
this has beon poliey in my class singo | started teaching them; 1
always thought that *hoy practisoed it, or at loast | should say thoy
gavo mo the impresgic o that thoy da. The videa, however, rovedled
that ta mio during that particular period. Ten groups out of twulve hod
their diseussions in Tswana, Zulu or street language (Tsotsitaall, This
raised a lot of questions i moe:  can't they undorstand English or
toes communication in English make it difficult to have a dissussion?
{Sotaw, 1984}

In her interviows with hor pupils (see Chaptor 4 for moro dotaited deseniption) she
asks obout their Tswana and/or Zulu discussions, and the pupils, rather
dofansively, blame each tther (for examplo, 'he started ...'), orf SuOHESE it was o
'slip'. Thoy say that English uso is better, giving the usual rationalisations: we
noed it for work; wo are oxaminad in tho final examination in English. Thay also
showy @ conuero for fairmess in a multiingual elassroom, peinting out to Thandi that



Thandi's own action research foeused on pupils' code-switching and hus boen
deseribod in Chapter 4. 1t is interesting and illuminating te etaborate hoere 08 this
locates and contoxtualises the gpisedeo in Thandi's practice over time.

In hor initial interview Thand: statos that sho experiencos ditticultios toaching in
English 'mostly in tho lower classes'. By Std 9 pupils have coma to value English,
understand the aecoss it provides and cven talk to cach athor in English.,

J And in Std 3 you get them to talk to each other in groups?
yes? and how do thoy talk?

T:  They talk in Englishl yos, in English. 1 think some oven speak
English when they are along,
{14, 581 565}

However, the vidoo of hor Std 8 lessons roveals the contravy.  Attor cenunenting
that sho talks too much, and that thia is partly becouse she wuas nervous tho first
day, she opons her roflective interview with her nuticing hor pupils are not using
English whon thoy are working tegother.

T s Ovon though the tape is not clear 1 can hear, but seme
others are talking in Zulg or in Xhosa and | gan’t hoar whit
thoy are saying ...

S And is that usual?

T 1 only noticed it for the first time when | watehed the vigeo,
not even in the fossen. Becausoe when you got to them then
thoy speak English.

N Is that a probiom?

T: I think they need to undorstand, so their own lnguage is
uscful, But ! think it is important far them to practice English

Jr Se wauld you want ta change what they do?
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as it is. This is roinforeed, though with loss frequengy, by having pupils
themseives explain 'why?' in their public responsgs te her questiong. Hor interest
I reasening is also cvidont in the episede beiow where she challenges puplls to
resolve for themselves their confusing suggestions for the meaning of "at most'.

in two double {one-hew) consocutive lessons observed over two days, Thandi first
prowides & number of related lincar inequalities to bo drawn and shadoed, Typically,
& number of pupits had not completad these as homoework preparation and so time
i8 takon in tho hour for them to do so. Here Thandi encouranas pupils to work i
pairs or groups and moves around the class assisting and prodding whero
necassary. Sho alse managoes in this time, to have whole ¢lass reflection on the
solutions thoy had drawn. Hero a pupil is encouraged to the boerd to sharo his or
hor work, and others arg invited to commont.  Within the gonstraiots of hor kirge
class, Thand manages to mgert olements of interactive proaesses nto her
teaehing.  Graphing inequalitios aceupics the tine 1 both porieds until the last ton
minutes of the second poriod when the opisode (p. 194) takes place.

3.3 Language

Thandi and many (hut nut all} pupils 11 hor class are Tewana-speaking. As
deseribad in Chap.or 5, thero is a streng potitical comimtmaent amangst o number
of teachers on the staft in this sawol, 1o conducting Wl teaching m English,
Thandi is part of this group of teachors. This comnutment o using only English
in ¢lass croates ditficultios and ¢hattengos - diemimas - for Thandi,

3.4 Code-switehing by pupils
The episado that will e examined in this ehapter is focusod on tho issue of code

switching by $he toacher.  As Ndayipfukamiyo {1894) has argued, *coda-switehing
should bo a resourca for be th pupils and toachers'.
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muitilingual cléssroams. The episode is neither typical of Thandi's practice, nor
rare {Erickson, 1886}, Ag discussed in Chapter 3, classroom data in this study is
in the form of snapshots of practice. The episode in this chapter {(and these in
Chapters 7 ang 8) are seloctod hocouse of what they oxomplify and illuminate.

4 THE CONTEXT
3.1 Tha schaol and class

The cpisade that is deseribed hero occwrs in Thondi's {T4) Standard (Std) 8 (Grade
11} mathematics ¢lass ina iarga black state school. Stugents do not have their
own text books, Thoy do have note boaks. Thore is a hlackboard, chalk and
enough uesks and chairs. Th 4+ i8 no other equipmont and the walls of the
glassroom aro somewhat barc  As mentionad in Chaptor 4, after the ¢loss Thandi
tolls me that the day before, students ramovad poelitical pesters from ihe walls,

The class has 86 pupils, but about eno thirg are net present on the day of the
opisods. The absontess ware maost likely at the funcral of o student from 2
neighbouring scheol. Disruptive absencos from sghoel were not ungomman
Thandi's schoal. It hee initial interview, she talked at longth abowt the difficultios
of 1eaching in a highly peliticised sehooling context whare teashor demoralisation
had sot in, diseipline in the younger ¢lasses was difficuit, and maotivation of pupils
ofton scriously lacking.

3.2 Thandl's approach

In her initigl intorview, Thandi oxpressed her ¢ongorn that her pupils learn that
mathomatics is somotiung ‘you reason about' - mathomatics is 'not rules, it's
roasens', This viow o! mathematical knowlodgo is reflogtod in her teaching
practice. For oxample, as she works with hor pupils to plot points te work out the
shading of linear inpguality graphs, she continually explains 'why' the shading is
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learners, fo their aceess, through mathomatics and English, to further oducation
and the workplace. Thirdly, docision-making on code-switching inter-rolates in
complox ways with the mathematics register on the ono hand and its sortion in
school mathematical discourses on the othor.

These assertions will be instantiated and iltuninoted through an analytic narrativoe
vignetto (Bricksen, 1886} built fram one episede in one multifingual classronm with
ono teacher, and hore refloctions sn her toaching.

The chapter commences with 2 bricf mothodological comment.  The context in

which tho apisode agrurs ig thon doseribed.  The episatle, observations, reflogtions
and discussion follow. This structuro is to enable and enhinee the teading of
episode in the cantext in which it ocours,

2 BRIEF METHODOLOGICAL COMMENT

As discussed in Chapter 3, much has boen writton abeut the comploxitios af
analysing, vaolidating and reporting qualitativo fiold rosearch (Ericksan, 1986; R se,
1882; Mitcheock and Hughos, 19889; Maxweoll, 1982, Woods, 1988). Erickson
rocemmands a 'leap to narration’ as 8 way of stimulating analysis of the mass of
dota that coffeets, with the "analytic narrative vignietto' buing tho foundation of an
offective roport of such rosearch,

Erickson gise argues that the significance of the selectad vignotto nesds to be
gstablished in relation to the dota eorpus and the study as o whalo, Significance
i8 not intornat to an ingident or opisede, but rather in ity ingtantiatian and/or
ilfumination of agsertions in relistion to the study as a whole,

Of the teachors interviowad it 18 Thand whuo most oxplicitly takes up the issue of
godo-gwitching, and the opisede solected hore exomplifies and illumingtes the
difommu of codo-switching as part of the throp-dimensional dynamic at play in
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code-gwitching oven at senior secondary level, The apisode used here illustrates
g teacher's actions and reflections in rolation to switching in and cut of the
language of instruction {English) and the main language {Tswana) of most learners
in hor clase  Tho chapter discusses the teacher's actions and those of her pupils.
Thore is no actual cede-switching in the particular opisode oxamined here.,
Howevor, tha teacher's refloctions on this particular episodg illuminate haw and
why ghe works with mathematicat English the way that she does, and the offacts
of her actions on learngrs' intorpretations of her mathematical messages.

1 have aiso argued that teaching and learning mathemativs in a multilingual
ciaseroom noods to be understoad as a three-dimensienal dynamic: aecess to

English, to mathematical discourse and to classroom gulture {educational

disoourso), This ¢an be understoed as monaging cede-switching {in the sense of
changiﬁg languages), register changes and discourse (in the sense ot working with
both mathematicat and ordinnty English, and with both everyday and school
mathematical diseourses) and broader discourse changes {in the senso of specific
glassroom or educational snd henee sultural processes).

In this chapter | will argue the following: firstly, while codo-switching by hoth
teaghor ond learnors is arguably 4 means 10 improving the quahty of pupils’
mathematico! learning, codo-switching in a multilingual glassroom is a gomplex
activity., Navertholess, treating the muititingual ¢lassroom g8 a resourge and not
0 prablom affers possibilitios for improvod Iuaming. Tha dilemma of eodo-switching
is thus not a matter of whother or not to switch, but rather when to switch and
for what purposes. Secondly, m the South African context English is the primary
language of govornment and cormmeres and remains the most prostigious of the
now eloven oificial languagos, Mathematics teachers' dogision-making and
practices are heavily constrained by tho paolities of agesss to mathomatical English,
While thoy seo and oxpross tho value of code-switching, that is, also using
lunguages othor than Engligh in mathoainotics oliani«8 10 assist moaning making,
this pedagoswical undaerstanding intaracts with strong politiea! goals for thor
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CHAPTER &:
TG SWITCH OR NOT TO SWITCH - THAT IS {OR I$ THAT?} THE QUESTION
1 INTRODUCTION

In the following chapters, 1 use the language of diferomas developed thus far to
prabe what teachers do and so elaborate their knowladge of their practices. Each
chapter shows how context and culture create gach other through a particuiar
teacher, tho porticular eontext and the dynamies of working in complex
classrooms. Each t:hapter simultanaously serves to devetop dilernma language in
refation to mathematigs and longuage.

Chaptér B arguod that, like all teachers, mathomatics teachors in multilinguat
elassrooms faca tensions that ean bo experienced as dilemmas as they go about
their work. Morgover, different contoxts give rise to different dilemmas. in
partieular, mathomatics teachors who share o main fanguage with many learnars
whigh ig different fram tho language of instruction {this is the situation of most
toacheors in ox-DET schools in South Africa) face the dilemma of 'doveloping
spokaen mathematical Bnglish vs. ensuring mathematical meaning: or, whother or
not 10 codo-switch {(use beth English and the learners' main languagae).

In closing discussion of tho dilemmas that emorged through the toachors' tnitial
intorviews in Chaptor B, the following queastions wore posed: what happons in
practice? Haw do teachers manage their dilommas in practice? What have
toachars learnt? What might he the effects of their actions on the mathematical
knowledge made availablo? And then, how and in whot ways are toaghers aware
of their actiens and tho otfeets of their actions?

This chaptor explores and elaborates the dilemma of sode-switching in @ socendary
mathomaties classroam and examines the dilemma teachers faco in rolation to
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NOTES

1.

This takes us into the debate in language teaching on the distingtion botween aequisition ang
leaming - how mweh, or what partstkind of languagie ore acquired and what is loamed, i.o. a
function of instruction {Bakar, 1983}, It iz bovond the seope of this thesis te onter into thia
dobate.

It ig impuortant to add horo that English-speaking white Soutls African teaehers alt had to study
Afrikaans {the othor offieiaf language in tho aparthoid era) and in this soase thoy are bilingual.
Howaver, faw, if any, loamt a vemasular lindigenous Aftican language. :

In discussion with Dr H Janks, English mothodology locturer at the University of the
Witwatersrand.
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multiraeal argue the benefits of ﬁxplici't language teaching for all their pupils, In
relation to fearner-centradnass, however, tensions reside herg on how both to tell
{be oxplicit) and to create opportunities for pupil creativity.

But a8 has been argued throughout this study, teachers' knowledge of their
praetices is more than they can scif-consciously articulate. Clearly these neeounts
neod to be rolated to cotuol classroom pragtices, to what th  teachers do. How
do teachars asct in the face of tho dilemmas deseribed here? How do thoy manage
the dilemmas they face? In Lampert's {1988) terms, how are their actions shaped

by the practical and the personal, about who the teachors arg at particular

moments in their particular practice?
And the Borlaks ask:

Will toachars chango their patterns - ¢o-ardinate and rationalice them
more carafully If thay become awarg of the trade-offs impligit in their
glassroom behaviour {sic); both the trado-offs ropresonted by each
dilemma, and the trade-offs among dilemmas?

{1982, p.168)

Are teachers’ actions in the face of dilormmas dofaults to dominant practice,
reselutions or transformations? How are such gotions undorstood by toachars?
Do teachors use a range of stratogios as thoy make choices in tho face of
dilommas. Are theso cholces tagit or informoed and gonscious? Qr are thay foll-
backs ta the fomiliar?

The next three chapters each focus on an ingident in a clossroom and attempt to
answar these quostions whilo simultanaously developing dilemma language,

;
V-



explain their occurrence: adempts {0 communicate are through language, and in
the classroom, through a graat deal of, but not only, verbal speaech. In Vygotskian
torms, language, as a bearer of meaning and motivation, is imbued with culture
and history and hence not gusily interpreted by learners with different cultural and
historlcal e, Jeriences to those that underpin classroom mathematical procaesses.

Practically, however, thess ingidents ware difficult for teachers to explain and
understand. Thay point to & dilemma of explanation for teachers that | described
earlier as: Is it the language vs. Is it the culture? And as a dilemma of explanation
it does not fit with the Berlaks' dilemmas. Again incidents of 'communication
breakdown' arc absant in tho ox-DET teachars' interviews and this suggests either
that they are somehow hidden, or that in sush contexts, this kind of
gommunication breakdawn Is simply absent, Video data, refloctive interviaws and
workshaps, unfertunately, did not provide sufficient scope far further exploration
of this dilemma through a focused vignette, It clearly is an Important aspect of
warking in multilingual mathematics »* ssrooms and requires further study.

6 CONCLUSION

The complexity of teaching and the inharent tensions in the teaching-loarning
diglectic arg such that all teachers face dilemmas, Detailed and systomatic
analysls of teacher accounts of thelr mathematics teaching in diverse multitingual
settings revoaled that teachers in different multilingual contexts face difforent
dilemmas, thus supporting the notion of teaching as a social practice, Specifically
teachors in oxX-DET schools face the dilomma of code-switching. They nged to
anguro that pupils undorstand the mathomatics they are trying to teach and that
thoy develop theoir English. Toeashers who have tried to make their classos mare
participative, communicative and inquiry-based face complex dilemmas of
maodiation - of moving offectively betwoen learnars' mare informal oxprossion of
~ their mathematicel thinking and more fermalised school mathematical discoursa,
And teachers in schools that have suddenty and rapidly becoms multilingual and
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Two interesting and difficult questions arise from this 'good practice'. The first
is whaother the silences in the ex DET teacher accournts suggoest that aspects of
diversity are hidden in the secmingly homogencous blagk clussroom?  This is
something to explore. It relates to the question the Berlaks ask about whether
and how toachors treat pupils as unlque or with shared characteristics, that is,
whether teaghers act differently towards different groups of children. What is
interesting is that the Berlaks ask this within o multiculturol contaxt.

The second is the decep tension and paradox menticned bricfly above. Learner-
controd curriculum initiatives with their mora aemu sratic ideals of hstening 10
learnars, of croating space © r their creativity and meaning, of less authoritarian
classroom practics, require tuoachers to stand back more. At the same time, such
Glassroom proeessos rely on conimunicative competence in learners as means of
sharing thair idcas with others. Tho tension Is that if communicative competongce
is to develop in mathematics, and this is cqually important from the paerspective
of demogracy, accoss and cquity, then it requires mediation in general and explicit
teaching of mathematical discourse in particular. The dilemmas inforred from the
teochers' interviews arg in support of a sociocuitural perspective whore the
teacher's role is understood as cnabling learncrs to travel across houndaries
betweoen knowledge arcas. What arises here is the more specific modiational
dilernma of wihien to modol mathomatical language vs. when to listen, and this is
the focus of tho vignette in Chapter 8. Hore again is the persenal knowloedgo vs.
public knowledge dilemma in a form that focuses on both language and
mathematics simultancously.

Finally, somg of tho teachars' accounts gateporised as 'eulture and
comimunication' revealod situations that point to the interaction of English
proficicncy, mathomatical understanding and classroom ¢ulture.  None was
attributable on their own to any one of the three dimensions of the dynamics of
mathematics learning and teaching in muititingual classrooms, Theso were clearly
incidents of communication breakdown. Within a social theory of mind, we can
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T: Istill talking about greater than ete at the end of the lesson)
! think at the end they were just guessing, because one of
them said ‘greator than or less than’ and then | said 'OK, how
would we write that?' ... The next day we Siill had problems.
They still felt that 'at most' was ‘greater than', even when !
started to try to connect it t0 'not moro than' ... I think it is
something about ‘at most', and they ore looking at the word
‘most' and ‘most’ means ‘more’ and so they want to write
‘more than'. (] It is not like ‘at least', because they use at
loast more ...

J! Do you mean in their everyday language?

T: Yos. The next day [ tried to explain the cennections hetween
‘at least’ and 'not loss than’ and ‘at most' and ‘not mare than'
and thon ‘'less than nnd equals to', ot cetera, but Jeramiah
was still not convinced, They don’t just accept - they want to
understand ,..

{Vi4, 522-551)

Thandi and | do not explore the dilemma of whether or not to model methematieal
English, that is, her intontions in relation t¢ modelling through renotition. As
already noted, the language of dilemmas only emeorged after those reflective
interviews. Nor do wo oxplora her shifting into the overyday. Porhaps this is 0s
nmuch a function of my own conunmonsense at the time of the rofloctivo intorview
- that the shift inty the everyday could only have helpod contextualise the
goncepts.

Thandi is adamant thar her shifting m and out of English and Tswana - tho teacher
¢ode-shifting - would not have helped. The mathematics rogister in the Tswana
language had limitations {'l would run out of words'); moroover, resanating with
what sha later finds her pupils suying in thair inteoviews with ber, this wag
mudtilingual, not a bilingual ¢lass, so her switching into one other languago is
problematin.

Her use of the tablg, and the manner in which she did so, was planned it had its
PUFPOSe - it Was not a rosult of spontancous action in the classroom nor gk of
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a little difference. 1 have to use a long sentence for ‘greater
than an equals o',

J And for ‘at mast’'? ang ‘at least’

T That is going to be probiem v say it in Tswana, ‘at most' and
‘at least’. That is wihy | talked of ‘not more than' ond ‘not
less than', [ feel if they rosort to Tswana, then, when they
comie 10 those torms what are they gaing to do?

J o QVON English speakers battle with those terms. ) Would it
help to oxplain the idea in Tswana and then shift 1o English?

T: 1 think if | was to explain in Tswana | would run out of words.
And for my miced class it would aiso be a problem because
not everyono s .c0ks Tswana. So must ! do it again In Xhosa
and then Zulu? | would definitely run out of words and go
Dack to English. For example, | ean explain it in Tswana bt
it 1 am trying te say ‘at most' | would say something like 'the
iimit Is this’ ... I would explain what it means but tryinyg to find
words to say ‘at least'? ...

o W still had a problom with ‘at most'. ‘At least’ wasn't a
problem because | saitd you can say ‘at least’ or 'not less thon'
then 1 {j | didn't say ‘not more than', | didn’t say ‘at most' or
'not more than'. I just did ‘at most’ ...

e ! wondored about that, why you didn't link ‘not moere than'?

T 1 started with 'not more than' but purposefully folt that if 1 did
‘at most' or ‘not more than' togother, thon perhaps they
wouldn't remember ‘¢ most' and they would cheose ta stick
to ‘not more than'

«. Dut you sec my problem? There [ in the middie of that

group s Nomsa, and she is Zulu and 1 don't know how much

Tswana she undeorstands ... like | ean understand Xhosa hut

there are some words ... 8o there is a problem if the others arg

all fluent Tswani ... most the school is Tswana Spoaking ...
(Vig, 115.160)

Thandi thus has a clear justitication for sotting out the table as she does a8 woll
as the order she puts inte the task. She also atteibutes confusion 10 previous
mueanings pupils have for 'moest' as linkod to ‘more:
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chaing or scaffolding that Thandi builds are only partially or initially bolpful.  As
thoy intermix {tho cveryday, the tabley confusion sots in,

It was abundantly cior that, as the scguonce of teacher:lod quostions developod,
there was more and more guossing and confusion, perhaps illustrating the
difficulties of managing the complex dynamic betwoeen access to English, to
mathematics and to classroom discoursg, Interestingly, Thandi leaves them with
their uncortainty and confusion. Roflecting her concoern for 'reasons not rules” she
asks her pupils to take some responsibility themselvoes for thinking about and
waorking out meanings for the next day, and reminding them that sho has prowvidod
a context of meaning to assist thom,

6 THE REFLECTIVE INTERVIEW

As meontioned, the refloctive intorviews wero epportunities {or teachers to roflest
on and justify thair actions. Thoy weore opportunitios for them to talk morg abaut
their practices, as well as opportunities for moving betweoen tacit and articulated
knowledgo.

While Thandi's opening commont is that she talks 100 much, her immadiate foeus
of attention is the use of the learners® main languagos whon thay are working in
their groups. Hor rofloction maves quickly to includo thoe difficulbos of not
doveloping English v the mathematics class in the long run,  As doseribed in
Chapter 4, her arguments include the limitations of the Tswanhd languagoe
convaying mathamatical mganings, tho multilingual nature of hor elass, and hence
tquity issuas in switching inte one othar ianguage.

T e int TsWana it hecomas a problem because {1 um () like if ho
oxplaing in Tswana, then when it comes to the fterms?
unclea.) our language is unique; and when you come to ‘at
most’ and at least' then what are you going to say? For in
our language, ‘groeater and equals to ' and ‘greater’ ] there is
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in rolation ta the content of the interagtion, Thundi appoeaied to overyday Situationg
to provide o contaxt of moaning for the goncepts, and at ne point switchoed into
Tswana. She also uses a table to summarise the relationships betwoen the
contextual meaning, the concept in words, snd the symbolic form. | remained
curious as to wity she jeined ‘at least' and 'riot less thatt’ in the table, buy split
'at mest' and *not more than’. | thought this might have conttibuted to the pupils’
confusion - that bewyuse 'at aost' was split off it necded to havo a ditterent
symbolic form. This impression wos reintorged when * aticed that pupils intatly
volunteered the answer "equals’, This response macde littls sonso in relation to her
introduction to tho ideas. It did, howaver, moke somo sanse in relation 10 the table
itsolt, and typical mathematical classroom practice.  Qften n demansteating the
meanings of difforont symbols, and particularly > and <, oxorgises ask pupils to
filtin >, < or = as threo differont possibilities for rolating numbeors, and provide
axamplas of each of these theeo. Having had the symbols « and < already i the
table, and as typical educational discourse in the mathematics classroom would
suggest, the othor romaining possibility that is ditferent is just <.

Thandi switehes in and out of difforont disgourses in hor attempt to "scoffold’
'IMerccr, 1988} these concopts, ¢reating chains of gignification from ano sot of
discoursos to anothor {(Walkerding, 1988}, She switches or shitts in ond out of
mathematical elassroom discoursus {using a tablo and mathomatical terminolagy
and symhols) and evorydoy discourses {you have at most RE0 to spond, lines 80
84). And she explicitly points out the shifts in the eponing and glosing utteranses
in the opisode ("rathunatical Symibols and their vorbal statoments' .0 gave you
pxamples to think about. You can spend at most REQ lines 11-18; 130-131).

In sum, | ebserved that in this insiance Thandi's tagit knowlodge entails modelling
{ropoating and reformulatingl mathomatical Englisty as well as shifting tmoving
back and farth) betwoon disgourses as she attempts 1© sammunicate the meanings
ot 'at most' and 'at least’. A paint to bo diseussod later i8 that the signifying
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multitingual classreom together have produced the teaching tochniques of
ropotition and reformulating - modeolling strotogios - which, in her reflective
intorview (bolow), Thandi doscribod as "talking too much®.

Horein fies a tenstan and anoethor passibie dilomma for teacherd in 0 contoxt hke
Thandi's:  to model or not to model apprepriate mathematical langupge, This
tensicn gnd possible dilemma is intoresting. It arises in the gurrent context of both
‘progressive’ and myware 'gritical' 1eaching approaches which call for less teachor
talk and mare pupil engagement in tha elassroom.  In Thandi's contaxt, how can
apprapriate mathematied! fanguage be modelled? By whom? Rons ropetition and
rofarmudation by the teacher nood to oscur difforontly or morg oftan than in
homagencous Enghsh-gpeaking gtassrooms or elusgrooms where there aro more
English-s5peaking pupils? in languago learning torms, what mathematical languoge
car pe asquired {in use} and what needs to be learnt? Dees this madelling in
affect Lolp or does it remove mare opportuniyy Tor laarnors to use mathemateul
ianguage themsclves? Theso questions paint ta a turther interesting question of
whather resoargh into and advocagy of pr@gmssivc practice olsewhere, spogifically
i diftoront ianguage contexts, is appropriotely recontextualised here, ond for
whoso benefit? Tho issue is ogoin difforont in the Botswang context Arthur
(1894} has doscribed which is similar to many rural centexts i South Afnea. Heie
the tooe..0rs themsolves are not fully bilingual - and their use af English is roliant
on that lgarnt in seheots and ather formal institutional soth:38. Arthur ¢alis this
8 'final draft® stylo af English, whieh is often vory limiting if thot is the anly form
thraugh which mathematies is eommuricoted in a classroom. She thus challenges
the policy of English as longuags of instrudtion in the primary School and
advoeates tho importance of using the teacher's and learnors' main language n
¢lass in tho Botswana eentoxt.

What this briof discussion suggoests is that any action in refation to code switching
and mathomatieal language toaching must bo a situated one {Lave and Wonger,
1931, apprapriato ta tho spocificity of the circumstancos
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5 MY OBSERVATIONS

1t was abundantly cicor that therg was confusion {lines 80-112). Also, difficultics
with this kind of mathematica! language are guitd commen in manolingual English-
speaking olasses. But | did wonder whather and how an 'English-only' strategy
was implicated, and whether and how the table was causing some of the
gonfusion, That is, whether some cade-switching might have helped, and whether
access 12 these kinds of meanings would be morg suceessiu. through a diffurent
kind of task. Pupils had had fittlo opportunity (o axpross their own meanings
outside uf answering or making senso of Thandi's questions. | obviously marked
this episode as ono of problematic communication and thus for spegitic discussion
with Thandi in her reflective intorview {(VEN4B). As is discussed below, Thandi
horsolf raises this episode for refloction and discussion a8 she talks about codo
switching diffiguities in her reflogtive intorviow.

While watehing the video of Thandi's elasgs in proparanon for the reflective
interviow 1 was ablo to olaborate my gbservations. in refation to the form of her
intcraation with the class on the goncopts 'at mest' and ‘at 1vast', 1 noticed that
Thandt ropeated harself, somaotimes saying the same thing over and avor again
{ines 4-10; 14-17; 26-27; §6-61}, and somotimes saying it in a different ways in
English {lines 27-28; 64-72), She talks in a way that gorves to repeatedly model
imathematicali English*. She also loudly and clearly re-0xprosses, semetimes with
rophrasing, the responsos pupils offor {lines 33:39; 64-72). This seemaed to mo
to Do one of hor tacit practices learnt in the context of her multilingual sotting.

As Mereer (1998, p.34) doscribos, ropetitions and reformulations are common
techniques used by teachers. Howover, in Lave and Wonger's tonns, while Thand
has sarat to tedeh  sht has bocome a relative old timor - 0 a mutbhnguad
clagssroom cantoxt, sho hHas simultanoously boon immersod in @ s0cial practice
wherg, 01 tho one hand, sloar exposstion by the teacher is bighly valued, and on
the athor wherp it is understood that it is important for pupils to learn (English)
mathematiea! languagoe,  Thus, her identity as mathomaties teacher and her
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g1
a2

84
98
96
87

89
100
101
102
103
104
1056
108
107
108
108
110
111
112
113
114
116
118
717
118

1189
120
121
142
123
124
1285
126
127
128
129
130
18171

S6:
$7:

+
L]

S7:
T

&7:
T

S6:
?‘:

Ss:

More than RS0 or leas than RE0. Is that what
you are saying?

ftrying, mumblingl ... greater ... (then puls hoad in

hands and laughs shyty)

How can we write that with a mathematical

symbol?

x greater than RBO, less than RE0

Huli? x greater then RS0, less than R8O, Huly?

and what is that? If 1 say you go to the shops

and you ean spend at most RS0 how much would

1 11 would | be happy if you spend seventy

rands? finaudible..l.

no, ng fmumbiing}

So what do wao say? More thon or less than? ...

imumbling}

Pater says it must bo more than RS0 and Megopi

says more than RS0 and Siza says equals to R50.

huh?

fsome mumbling)

Loss than RBO?

Eguals to R50?

fsome imerchange that is inaudibis)

1 think, um, the ong must get more

More? Which means | am saying it means the

samao as not less then? because [interrupted]

NG ... you spend morg, _

How differont is it from not mere than or not 1ess

than? {} Hew are you going to write it in

symbols?

You are going to use greator than

Which means you are saying ‘at most' is the

same as ‘at least’? huh?

No. 1t is just grocter than.

Oh. You mean thys ene is just greater than {) not

alse oguals to?

fseme togother) yos

And others arg saying no. GK. 1 want you te go

home and check the meanings of ‘at most’ and

‘at least’ 1} and whot is going to bo your symbol

for eaeh. And | gave you examples to think

about. You con spend at most R0, OK?
{VT4B]
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73
74
75
76

T ke e = i =
varbaliword mathematical symbol

hot more thon .
loss than or equals to

at leasty N
not less than greater than or cquals 10

So, if I say or the problem says ‘not less than',
then it is ‘greater than or equals t0'... OK we can
say also ‘ot most' {} At most. (] What do !
mean if 1 say 'at most'? (writes it into table).

 EE—————— e e e T T T
vorbaliwnrd mathematical symbol

net more than
loss than or equals to

at least/ -
not less than groater than or equals 10

at most )
. T LT [ -

if 1 say you can spend ‘at most R0, what do 1
mean? huh?

S4: {inaudibic]

T Mogapi says ‘equals to'. You can spend at most
RE0. Deocs that mean | ean spend RE0 gxactly?
o Who agroos with him? ... Let mo writer fond
writes ‘at most R8Q' on the boardl, What do |
mean ‘at most R50'? ... Poter disagrees.

Peter: You must get more than R50?
. You think moere than RE0? ... Sabit’s hand is
aNso up.
Sabie: plus minus
T What do you mean plus minus?
Sabie: Not much more than RS0 or less than RS0,
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00:53:21 to 00:56:05

&7 T And i | say ‘at least'? () What do | mean if | say
52 ‘at least'? And If [ want to say ‘at least’ I can
§3 say ‘not loss than' fand writes those both into
&4 the tabio),
Tl g - i ST ]
verbal/word mathematical symbol
not more than «

loss | than or equals to

at leasty

not less than '
55 Then 1 can give an example for that. () If I say
56 ‘at Jeast 10 peaple must attend the meeting' f) ‘at
&7 loast 10 peoople must attend the mesting', how
&8 many peagle am 1 expecting at the meeting? 1 am
59 saying at least 10 people must attend the
60 meaoting .... at least ten people must attend the
&7 moeting... hm?
62
b3 53 it means groater or equals (o,
64 T: ! moan greater or equals to. Sou it can mean
65 anything greator than 10 or fess than 10 (siip
66 here - she probably meamt equals to 101, If § say
687 at least, which means 10 Is the smallest number
68 of people | am expeeting at the meeting, OK (I
69 So which means | am expecting either 10 poople
70 or mworo than 10 people. So the mathematical
71 syimbal for that is ‘greater than or equals to'
72 fwrites symbol  inte the tablel,
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G0:"* 1 06}

18
18
20
27
22
23
24
25
28
27
28
29
30

T

T‘-

S's:
T

Temba: '
7

Ssr
Lindiwe:
.T‘l .

8's:

Sable:
7':1

L verbaliward

not nigre than "
less than or equals to

Let's look at 'not more than', If | get into the shop and
1 {) I say you can use npt more than 80 cents. What do
! mean? How much shoultd | use? What do I mean iFl
say ‘not more than B0 cents’ ?

(Murmuring from class in unisonl

vo, yo, vo fteacher's way of signaliing olf are calling
out] ... If  say not more than B0 how much can | use?
You can spend less than 80 cents. _
You can spend less thaen 50 cents. Temba says that |
can spend less than 80 cents. Not more than 80 ceonts
means I can spend anything less than B0 conts. Is that
right? _

yos _
famonygst a lot of neisel you can also spend 50 cents.
So If | say ‘not more than 5Q cents’, Lindiwe says we
can also use 50 cents () or less. (1 If they say not more
than 80 cents, Joe, am [ including 80 cents? (] Jog is
having a problem here. He dovs not want to include 50
cents, which means 50 cents downwards. So if | say
the phrase 'not more than 50 cents', what do | mean
mathematically?

(ait start to cail out]

vo, va, yo .. Sabie?

less than or equals to

{ meoan less or equals to (} which means the
mathematical symbol for that means « fand fills

itin toblel. 8o it | get a problem in the form of a
sentence, and it has got & ‘not more than'in it «

it means (pointing to the symbol <} less than or

equal to fand she writes: 'fess than or equals 1o

into the tablol.

mathematical symbol

You can use anything from 80 pents downwards.
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KEY: {brackets within & data extract - resaarcher commentary)
T - teacher

81, 82 - students whose namas are not used

8's - all students

() vary short pause

. = longer pause

boid - wharn speaker plases particular emphasis

IR R R R SR LI

1d
15
16
17

00:50:00 to 00:83:16  {Time of day: 13h24)

T:

And nuote that inequalitics can be given (] sometimes
Inequalitles are given () inequalities may not a'wvays be given
in mathemstical symbols, They can be given in v arhal symbols
and you should ba abie to recognise if they say ‘not more
than' what will it be? )} OK? {} And 1 want us to lovk at that
because sometimes [ can use the words ‘not more thon' i 1
can use tho words ‘not more than' {) 50 you need to check as
to whether if 1 use the words ‘net mare than' do | mwsan
gregter than, or loss than, or greater than and equals to, or
less than and equals to. {) OK {) 8o | made a table there and
!/ am going to compare my verbal statemers (| whatever
Statoments | make verbally and then the mathematicval symbol
we use for that statement. 8o (she draws a tabig)

i L L R T L R T I-07 ANET)
verhaliword mathematical symbol

T o e T T e i T T Y T e,

For instanee, if | say ‘not more thon', usually we use the
words ‘not more than', But what does It mean in maths? And
we are going to meet such probloms when we get into linear
programming (writes : 'ner ore than' into table).

verbaliword mathematical symbol "

not more than
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Through her action research, Thandi finds a way to manage her dilemma in a way
that couid be considerad transformational. She is able to shift to seeing the
lanyuages in her classroom as a resource rather than g groblemy, and so move hor
iduas boyond the commongense notion that mathematical English is bast learnt if
the main language of the pupils is not usad.

Thandi's action research does not engage with her awn use of Tswana ‘or another
Iénguagﬁ' hesides English) i her interactions with the ¢lass - this is .. .. focus.
As mentioned garlier, advocates of codu-switehing soe it as importam .or . 2th the
teacher and her pupils, Whether or not a teacher coda-switches is crugially also
part of the dilemma that emerged through the analysis of the initig! interviews.
However, at the time of the videes, switching by the teacher was not the pragtice
in either Thandi's ar Jabu's c¢lassraoms. Givon the politics of the day, thoir
tocation in typically politicised urban township secondary schools, and that their
own mathomatical and teaching qualifications were obtained in English, this
practico makes songe. It is alsa likely ta be mircared in other wban township
school settings by mathematically qualified bi- or multilingual teachers,

The opisede that follows is a toacher-led introduction and wholg class interactian
on the concepts 'at fmost' and 'at least' in the fast five minutes of Thandi's second
videoed losson with hor Std 9 clags, As the transcript shows, she teachos anly
in English. This opisedo is also an objoct of focus for Thandi in hor reflective
interviow,

4 A VIGNETTE: AN EPISODE WITH 'AT MOST' AND ‘AT LEAST'

in tha provivus lassen, and for most of this [esson {(each ane hour iessong}, Thandi
hos beon revising linear inoquality grophs, buliding up to introducing linear
programming. Tho cluss has spont the time drawing and shaging intorseoting
inequality graphs.
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* What do teachers say and do about mediating the development of scientific
congepis?

* What do teachers ~ay and do ahout working with the zone . - ¥ roximal
development in linguistically diverse classes?

We know that the way teachers gope with the complexities of teaching is deeply
toxturcd. As Chopter 6 dealt with code-switching, this chapter sxplores how ong
teacher copos with dilemmas of mediation in practice. Tha tocus here is on Suse
{T6) who has gone a long way to establish what ¢an be calied o participatory-
inquiry approach! in her closstoom. Thig shapter examines what Sue says ardi her
rofleations on how she and her pupils get things dong in her muttifingual classraom
{twhat she doos). [t asks: what do we lgarn from Sue, from both her tasit and
articulated knawledge of hor practices?

I will argus that in & multitingual efcssroom, a participatory-inquiry approach to
taaching and loarning mathomatics sroates particular dilemmes of rmediation for
teachers, Monaging these difemmas {Lampert, 1988) can  entail trude-offs (Berak
ond Berlak, 1982} some of which are deliberate, others tacit. Trado-offs aro tind
up with warthwhile goals that sometimes conflict in momonts of practice.
Worling to meot the dual geals of negotiating meaning (which entails validating
divorse pupil poerspoctives and working with informal exprassive language and
loarnors' congoptions) topagther with developing mathematigal communigativo
comp.etence {which in turn entails access to farmat mathematieal language and to
spocific sciontific concepts) r extraordinanly complex within the time-spage
relatians in a school classroom. Trade-offg are inevitable. Mo covor, toachers are
acutely aware of dilommas in managing informal, expressive and sometimes
icomplote and gontusing language, and the ahstract and formal language of
miathematics.  That is, thoy are aware of dilemmag in managing both talking within
und about o pritctice. What is ohscurad, however, 18 that o participatory- inquiry
appreaach, and the possibilitios it ofters for loamer aotivity and negotation of
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CHAPTER 7

A PARTICIPATORY-INQUIRY APPROACH
AND THE DILEMMAS OF MEDIATION

1 INTRODUCTION

Chapter § doscribed and oxpluingd how mathematies teachers in twltilingual
classrooms talk about dilemmas they face as thoy go about ther work. Those
dilernmas are shapod by different contoxts ond conditions, Chupter 6 claborated
tho dilammsa of code-switching, of doveloping spoken English vs. developing
mathomatical meaning faced by toachers i ¢x DET schools. Iy ethor words, it
respondnet to the research quostion: what do toachors say and do about using
languagois) as a reseurce in the elassrooin and about simultaneously dovoloping
the fanguagoe of instruction and mathematical language i their elusses?  {Sce
Chapter 3, p.81)

This chaptar focuses on dilopsnas of modiabion and particularly the ddengo
dasenbod in Chaptor 5 as devoleping mathamatail comnvinicative gompoteneo
teducated discoursel vs. negetiating and devoloping meaning. This ditemma is
found i tho tatk of teachers whoso pedagogicol approaches are more mtorastive
and pattieipatoery,  This chapter will thus axploro the following research questons
{soe pp.81- 821

* Wihiat ode teachors say and da in roltion to working with both the intormal,
oxpressive language and mathematical eongoptions that learnors bring to
and eonstrust in clags, and tho formal mathomatical language and
one-ptions v the curnculum that the teachor wishes them to aequrse i the
sontext of clussroom voemmanication and aetivity?
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v obguences,  They might very well improve the quality of learning and
knowledge construeted, but thoy also might not.

The question is 1ot *to switeh or not* or whether *to motdet or ot but "when und
how 1o switch and madal?’, for what purposes and with what otfocts. Grappling
with suations and episodes of practice that highlight tho dilemimas of codo
switelung and modeliing mathematical Baghsh could b o means, as it was for
Thandi, to teachers' informed degision making in their multilingual mathematics
glassrooms.

NOTES

1, it 1w, of gourse, possibie that Thand td not mtand 10 *model’ appropaate mathematieal
longuage but thiat wah Eophsli a5 one of bor additioeal languages, hor epetiot and
oformuiatien & rather o funetion of ket own commond of tho linguago. Whatevor hor
puiposes, e eflect was o modeliling over and agam of mathematical Laghsh.  Tiio guestion
then 15 also how thig iz “read”’ vt "heand' by her papils - what significangs thoy attaeh to hor
actions Do thay seo this as patronis ng w any way? or a8 reinforeang Enghsh axpression? or
as tho teacher's inscourity? Alge thero is the passibulty that reformulating or ephrasing 2
pomnt in 3 bi- or moltdingudl elass aught Yo heard as  a differont point wathor than 05 @
replirgsing of the same poant. And further, while "'modelling® by the teachor might Serve Q
fungtion, hiow does it refate @ fearaees® use of mathemateat language? Theso 1ssues wore
recently diseussad with Thand: and igre soromented of later i the ehapter

o While there is not sufficient aviden e for & glear ¢laim here, Cumming' distinctan botwaen
base ntepetsoral commumeation kil WICST and eagnitive seademic language profieenty
(CAL P dseessed 12 Chaptor 1 mephn alse thiow bight oo thite eevuirenies  Thatkh doos Aot
corflate HICS and CALP, but uses ong to agewss the othor and breaky dows th task of
widerstanding inequahty nguage  Cummms drgues that a tendency m making 3 task
accossible in Laghsh g1 Dihngual settings 5 to breok the wsk down.  Thig n fact
dacontextudises the task into small segmanted moees and inadvertontly thoa dening aenrss
to the task. Peithaps Thand's lreakmg down of the gvorall Kisk i a table produced ws ivirad)
decpntextuglisation that abisGared meatng
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It'is also too simplo to Say: get the scaffolding into mathematical discourse or the
chain of signification 'right'. Unlike Walkerding's oxamples which aro at
glementary levels in mathematical discourse, here tho disgoursa of the sveryday
is complicatod by the sarlier learnt mathematical meaning of most or morg it
might, in fact, be more effective to move from the mathematical meaning of 'moro
than' {which is a concept they know) to its negation 'not morg than' i.e. within
the mathematical register, to teach the meaning of 'at most' as another way
of saying 'not moro than', and then embed both in 'at most R0’ or 'not more
than R80O', That is, move from tho scientific to the cveryday.

Moraovor, tho tablo broughit in a whoie set of signifiers, part of the cdugational
disgourse {ground rules) in the oluss, that in fact obscure mathomnatical
gommunication - tha table as moedium boeomes the message itself and tho
mathematical idea becomos confused, I wo understand the table in Lave and
Wenger's terns as a symbolie ool or resourco in the practice, then we know that
it noeds to bo transparont to the neweomars if it is in fact to bo an aceessible
fesSourco or g resource that enhaneues participation in the practice. We soe from
Thandi's exporionce that the harnessing of this mathematical pructico as o
resourge in her glassroom is a somphyotod affair with unintonded offeets Gs it is
insorted in school mathomatical pragtico,

Maost significantly, wa learn from Thandi that it i8 0iso too simple to say ol would
be wail if both pugils and toacher were te eodo-switch. Both tho pragmaties and
the politics of simultanoously developing spoken Enghsh and mathematical
meaning are complex.  intertwined with this is the additional dilomma of medelling
that is tacitly ingorted in Thand's pragrice.

Each of those 'intorventions' (a difforont kind of task, elassroem organisation and
talk, codo switchung) would mako o difforonce.  The agtivity ond tho practice
would change, Tho important thitng is that those pructices toy will have their



We aiso see from Thandi's lessons how the dilemma of code-switching is
simultaneously intorrelated with the dynamies of accoss to mathematical
classroom disgourse, whorain tho mothematical register presents its own
challenges®.

As wo have seen, there is o mathematical ¢lassroom communicative pattern ot
play hore that significantly complicates matters., While Thandi is aware of codo-
switching and mathomatical rogister issues, the signifying role of the table is more
obscure. The listing of 'iess than and equals to', and then ‘*greater then and
equals to' brings an anticipation of something different noeding to follow. This
anticipation ig brought in from previous matkhematical classroom procosses. Al
this point in tha losson, the table begomes the most visible cug for tho pupils.
Thoy are inadvertently lod to the kind of guossing that ensues and do not amortain
the possibility of repeé *1g eithor of the two Symbols already in the table. Thoy
seek something differunt {'equais to') or a peculiar and mathomatically
moaningiegs combination of the two {*itf is greater than ar less than'),

8 CONCLUSION

Tho peint in this ehapter was neithor to applaud nor ¢astigate Thandi's practices
and hor justifications, but rathor te learn from hor and understand how it is she
goes about enabling accoss to mathematics tor her pupils in her particular ¢ontoxt.
n particuiar, the puraose of this chaptor has beon to elaberato the ditoemma of
code-switching.

Wo 1oarn that it is too simple ta say: ¢hange the activity and all will be woll singe,
as will bo argued in Chapter 7, mors participative task-based learmng hrings its
own set of dilemmas to ba managed. Rother, it is understanding that the naturo
of tho activity dooes shape tho quality of knswdedge that is made available,
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instruction and the students' Li/indigenousfhome/mother tongus or main
language. Code-switehing is used in 'subtlo and skilfut ways by both teachers and
pupils to manage difficult teaching and learning situations'’ (Rubagumya, 1994, p.
2}, Code-switching in bilingual classrooms is an important clagsroom rosource for
both pupiis and teachers.

Howover, from social practice thanry, wo know that knowledge is situoted - tiod
to the contaxt and activity of its production. As Lave and Wenger {1991} argue:

. JRarning is an intagral part of generative practico in the lived in
world ... {p. 36}

We learn from Thandi and her pupils that code-switching in a multilingual
classroom brings now quaostions, 1t is no straightferward matter, both in torms of
which language is used if the teacher is to switch, and thon how to find
appropricte language in Tswana for exampie.

In addition, dilemma language was extendad tnrough Thandi's tacit practices to
include the ditemma of modelling mathematical English in & multilingual ¢lass.
Modalling sarves purposes in her class not leas of which we o gontextual {the
only thing you couid onsure in a dysfunctiorial systom was that you had ‘done
your job') and thus tied with hor idontity as a teacher at that tima, On reflection,
howavar, sho goas this tacit proctice as ioss an intention to ropeat and refarmuiote
mathomaticai English for tho bonafit of the pupils, and more as the nend for
teachers to show that they know their mathematics. !t thus bocomaes 'talking too
mugh'. MHore is o dilamma ereated by a disjuncture between hor embediod prastics
and what she now bolicves. Tho quesc N8 0 .ol sarlicr in rolation to . spocific
location of teaching techniguas like ¢ cwtion and roformuiation in multilingual
glassrooms suggest tho noed sor furthor *esoargh.  These Juestions arg picked up
tangentially in Chapter 8 through the elaboration of explicit language teaching.
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Pimm's (1987} anglysis of the mathomatics register and its implications fer
teaching and learning mathematics,

Rogistors have to do with the soeip! usage of paorticutar words and
axprossions, ways of talking but also ways of meaning ... pupils at all lovols
must become awaro that thero are different registers and that the grammar,
the meanings and the uses of the samo terms and oxprossions all vary
within them and across them ... (pp. 1089}

What Pimm argucs Is that evon within the mathematics register, meanings shift,
Mathematical raeanings ore not forever fixed but shift in retation to mathematical
use. Pupils nped 1 become aware of sueh shifts.

Furthermore, fram the anglysis in Chapter 2 we know that mathematieal moeaning-
making i3 not simply a matter of awareness, What we learn from sociocultural

theory is that, in Vygotskian torms, *at most' ig a scientific concopt, linked with

and emergent from other concepts. It is bound in with meanings of rolated
concepts and their use and thus shifting irta the overyday might well not bs
suffigiont to attach the appropriate new conceptual taeaning.

Far Thandi, all this is complicated by tha faet of bor working soelely in Engtish, and

“her dilerama of code-gwitching. To repoat:

Cado-switching is when an individua! {mare or loss doliborately) alternates
botwoen two or morg languages ... codo-switehes lave purposes ... (and
thorel are important sagd! and powor aspects of awitehing hotween
languages, as there are betwoon switching botween dialosts and rogisters'
{Bennott, 19984, p. 77)

and

godae-switehing facility onhanges flexibility ... groater adaptability to
ghanging onviranmonts (Bonnott, 1994, p, 127)

As has boen discussed, rosearch emphasis in bilingual education has heoen on
snde-switehing which means switghing botweoeen the official  [Bnguage ot
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Walkerdine argues:

.. the object world cannot be known outside the rolations of
signification in which objects are inscribed. In this sense, then, the
shift into mathematical diseourse becomes a shift or transposition
from one practice and aystem of signification te another.

{1988, p. 121)

« Non=-mathematical practicos become school mathematical
practices, by a series of rransformations, which ratain linkg batweaen
the two practices. This is achievod, not by the same action on
objects, but rather by the formation of complex signifying chains,
which fagcilitate the move into new relations of signification which
oparate with written symbaols in which the raferontial gontent of the
discaurse is suppressed ... [p. 128}

Walkerdine comes to this elaim through her detailed oxamination of tha teaching
ang learning of mathematies in the carly school yoars. Sho shows a teachar
skilfully building ¢hains between: a context where three and four ore joined, three
and four objacts jeined together, and finally 3 + 4 = 7. Sha alse shows how
whon chains across discourses are not carofully built, but assumexd, confusion can
ensuo. 'Morg' for her uttaches to tho painful memory of the oppaosite of more
being ‘'no more', nat less, And that "higaer than' relations in the family were more
than just physical size. As teachers move into home relations in the attempt to
contextualise and make more sonse of the mathematics, they bring in other
significrs that couid, » ract, cause cenfusion,

Howoevor, Thandi's difficulty here is not chaining ucross difforent discourses
{mathematicat and overyday} but rathor within mathematied! discourso.  Sheo needs
to try 10 dislogato the meaning of ‘most' from *more than' and refocate it 0s 'at
most' and the nogation of 'moro than',

Walkordine's analysis thus doos not gu far onoegh in eworproting more
compheated mathematical teachitng and learning.  Weo noed to turn, instedd to
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in some ways all a teacher could ensure was that 'she has dane her job', that she
'has exploined it as best as sho can, and over again'. So if pupils do net learn
thon 'she has done ail she can’ - she is not to blame,

Thandi now stands firmly behind the recommendation she made after her action
rasearch, that a key to improved mathematics learning lios in the kinds of tasks
learners are given and possibilities for pupils to work effectively in groups. Her
* view now resonates with a sociopultural theory of practice (Mercer, 1995} where
the nature of the activity and taik in a classroom is what fundamentally shapes
whot is learnt, More task-based learning activity (learners working together and
with the {.acher vn wwsks) provides opportunities for  srguage to become a social
mode of thinking, for pupils to have more oppuriunity to ba immarsed in
educational and educated discourse and 8o apprepriate differont kinds of
knowlodge, | |

Howover, activity is always situated. Scaffolding and modelling aro both
approgriate at difforent timea and for different purposes.

K DISCUSSION

The episede in Thandi's ¢lass is tha threg-dimonsiona! dynamic (access te English,
(o mathematical and to classroom discowrse) at play. We soo the criss-crossing of
discourses that Thandi and her pupils have to manage. Acecessing 'at most’ and
‘at least' can, for examipte, bo through the ordinary English usw ot those torms,
that is, threugh centoxtualisation in tho ovorydaoy.
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maaning. Howover, the mathematical practico of tabulating symbauls and
difforentiating them connects or resonates with similar practices related tQ the
learning of greater than and less than. Thandi doos not see how the table itself
too might have conveyoed an ohsouring message rather than being a resource, how
it might have been implicated in what she sees as 'just guossing' by the pupils
towards the end of tho lesson.

It is also Dossiblel to arguo that her teacher-led interactions in themselves led to
studants guassing at what she wanted, irrespective of the table. But none of the
pupils’ guesses waere either » or «, that is, the two symbolic forms already in the
table. This suggosts that the table had a visibility and signifying role.

in & recont and informal discussion with Thandi en my analysis in this ehapter, she
shared har current thinking and further learning about mathematies teaching, She
was clear that in the episode discussed here, 'modelling’ was hot an intentional
stratogy for her, She was rather trying to scaffold learners into the meaning of 'at
most' by linking and building on what thoy said, referring them back to what they
praviously said, and by posing questions that wolild provoke some conflict. Singe
the videoing in her classroom Thandi has begeme more and morg awarg that she
"talks more' in some circumstances than in others. She is much more gomfortable
with listaning to and talking loss when she woerks with 'yvoung ehildron’. But sho
noticed herself 'talking a {ut in a workshop with toachers the other day'. She
explained that while ropetition and retormuiation by the toacher might play a
modeiling roie for loarncrs, their use is perbaps morg a fungtion of nocding to
demonagtrate one's knowlodyge - of noeding to show older learnars and adult
teachors that, in fact, as teacher, onc does know. Thoro is no similar prossure
with primary lavel loarners.

Sha waont on to explain that at the time of the video, the breakdown of a learning
culturo in school greated paolitical pressures in tho elassroam in addition to thosg
of sccoss to English. Conditions wero so difficult, diseipling such o prablem, that
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Thandi is currently rogistored for an M Ed and hor research focus is teachers’ end
pupils' code-switching in 2 Std 3 (Grade B) ciass on the West Rond in Gauteng.

In relation to what we learn from what she knows, Thandi's knowledge at the time
of her video and hor reflestive intesview revoals quite claarly that codo-switching,
and its bilingual assumptions, is no simple matter in 8 multilingual class. Both she
as teacher, and her pupils are conscious that the use of the dominant main
language in a class for meaning-making will exclude some, evon if it is a minority,
of the pupils. Thus research on code-switching and treating bilingualismy in a closs
as & resource needs to be extended to its management in a multifinguat classroom,

We learn further that thoro are practical difficultics in drawing in a languago like
Tswana 13 work with the English muthematical rogistor and hence the dilemmas
of code-switching for teaching in multilingual settings.

Through Thandi's tacit knowladge wo learn of another possible teaching dilemma
in the currant context of what is considered good (be it critical or progrossive)
adugational practive, and that is tho dilemma of wheother 10 modul or not to modal
mathematical English.

We learn too tnat the everyday is invoked and with some succoess to aceess the
maonings of the concopts in the losson. Howover, provious verbal and symbotic
mathematical meanings attached to English words like ‘greater than' and 'most’
carry avor into this new situation, They interweave with and eomplicote what at
elementary mathomatieal levels aro more aceessible signifying chains,

Thandi is aware, from her toaching and her own obscrva wns of her teaching, of
difficulties of accaess to and througl English and to and through mathematical
English, What is obscured from her awareness is the signifying ol plaoyed by the
table in this episede. Using tho table in the way that she did was a ¢onscious
gheice.  Thandi separates out "at most' and focuses on it spacifically to ensure
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forethought and planning. On the basis of hor past experience, it sceins, Thandi
wanted to single out 'at most' for spoecial attention. She expected this to bo the
most difficult mathomatical phrasa for her pupils because of the attachment of
'more than® and 'most’ to the symbel and meaning 'greater than'.

Thandi struggles to teach the difficult mathematical languugs of 'at most'. Sho
also struggles with thae resources shie nurnesses to holp her (the cveryday, and tho
tabla). In Lave and Wanger's terms we ¢can soe how sho attempts to provide
access to resources of school mathematical practice - links between symbolic and
vorbal forms; tabulating; everydoy contixtua‘isations.

During 1994, after our warkshops and her own resoareh into her pupils' code-
switching, | gave Thondi tho transcript of this cpisode to check for accuracy
against tho video itself. Beoause 1 could not undorstand Tswana, | was cancornod
there might be instances that | thought were inaudible, but instead, waro simply
not intelligibie to mo. This turned out not to be the ¢ase and Thandi oniy mado
ong minor coreaction to the transcript,  Howoever, on roturbing it to me she
commented that it was net just that she could sce she 'talkod too much', she
could have arranged the task diffarently, and that would have helped - but code-
switching, espocially by the pupits in hor interactions with them, would olse help.

Over timo in tho rescarch project and maost importantly, through her action
research, Thandi's adamant view of 'Tswana as limited’ {that is, o problem in tho
mathematics ¢lass) has shiftod te soeing it more us a resource to be harnossed.
She has found ways to manage her dilcmma of gode switching bv har pupils, and
has moved to talking about how te manugo hoe own code-switching.

What has Thandi loarnt and what do we loarn from Thandi? At one lovel, wo soe
what Thandi has learnt from hor own rosoarch intg hor prractice.  That sho has
loarnt 86 much from resaarch attivity tostifics to tha value of weachuer rosearch,



and its effects on smathematical knowled ke i classroom interactoen save been
shaped i complox o ‘steresting ways,

Such shaping is, of course, made technieally possible by electronic recording of
classroom {ife and teachor refiections: any and all events gan be observad again
and again, going back and forth in time. However, ence clectronically captured,
a reflection, a lesson or any part of i, is taken out of its gontext {Brown, 1990;
Erickson; 1986}, Liko any othoer record 0f the ovont, it is still a racord and not the
avont. Interprotation requires a eontext. Joe's strerehing, Sue's actions and her
refloctions noeds @ fuller context.

5 CONTEXTUALISING THE VIGNETTE

B.1 Thickenaing the description: the incldent and my ohservations
§.1.1 Tha school

Sua's school is a well-rosourced private school.  Classes are small {around 20
pupils), The vast majority of punils aro biack. English, tho language of instraction
is not their main language. Many pupils are on bursarios, and thus not nocossarily
from econamically affuent families. Mest teachers {including Suel are winste and
L.nglish spoaking. Al are well gualificd and a cufture of professionrdism and nquiry
permeates schooi and stoffroom.  Sug’s notiang of toaehing and learning are thus
supporied in her sghool, Thig is important baciuse the ditficulties she might face
oeour despito this support”. Of course, Suc's cchool i logated within u broader
sehooling systom, and sho must work with thoe ¢anonical school mathomatics

curricitim
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S Witi1 the Std §°s, because their languaye is munlt weaker, and
thoy work in partners, 1 encourage them 1o first try it and then
they talk about it - hut I do guestion the way they talk to voch
uther .. to what extent they really challenge cach other [ i
your are not sure of your own ideas then it is hard to challengs
and if they are not groot at explaining, they don’t understand
each other, 1 ancourage them to o it, but often thoy don't.

{VI6, 234-259)
She particularises her coacerns later m the intervicw when we view Jow's

expianation of 'stretching’ angloes:

He doosn’t really answer her question.  They are net communicating
- and that happens a lot! He can't hear her question and she can’t
hear his explanation,

Vi€, 641-644)
Ag the tupe reachoes the point wherg sho teaches angle tabethng, she somments
criticaily on her actions:

Naw ! am deflecting moro.
{VIG, 6§51-852)

Sue's opening genoral comment above pertains 16 the ingident and ourrors muny
of miy ghsorvations - wo share coneerng that comisiunigation is problomatic and
that her aetions are indced 'deflecting'. 1615 pertinent to point out, however, thin
we are not smilarly interested by this incidont,  In tha unstructured eofloctivi
nterview i is 1, tho researchor, who brings Joo into fogus.  The ingident thus
cuuld stimwlate discussion on both what she says and what she doos, with the
study boing enbancod by difforencos botwoon toachor and rescarch intorests and
orinntations.

Now, somo manths fater, having sat with the duta (with @ transoript and repoated
viewing of thie inodent and its antecodonts duging tho lesson, with copies of
pupilst wetten waork, with Sue's rfloctive interviow and data trom the other
teachers), vy initial thoughts rekdad to mathematical communicative gimpetenco
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Sue's quostion about starting with 125 degrees doos nat resurface,

From my perspoctive 08 researches, this imvadent promisgd to provide msight into
diverse communicative competence within and across Jearnors, and how wacher
actions arc shaped hy problematic communication and have effects on
mathematical knowledge, that is, into a nest of problems portinont to the research
project as a whole,

4.3 Some of Sua's reftactions

As montioned cartlior, thore arg eommonsense assumptions about the benefits of
interactive learmng: that it will domocratise; that it will make commurication less
problematic. More sgecitically, the Coekeroft Report (Cockereft, 1982} stimutated
what has bogome g new commeansense hotion (though not nocissarly gommon
practice} that mathematical leaening is cohanced by teaeher-pupil and pupil-pug:d
disoussion. After somo years of promoting interaction and discussion in hor
mathematics class, Suo has pedagogicol eonrems that could be aseribed to
managing tho demoerocy-dovelopmoent tonsion, and thoy aro vwrit argos

Sue's oponing paint in her reflestive intorview &:

8 .+ the thing that werries me the moest is that | am noi sure
whother, | am not sure o wiat oxtent it helps them lean, 1
think that talking to each other is nat unproblematic. 1 think
@ Wt of the kids don't liston. Mayhe they are too young. |
think. You can see it with the questions [l they'll ask a
frestion and soy | don't undorstand and then the one whe is
up will try to explain and it doesn't really help but they are
heing polite and they are not quite sure and thoy say 'OK i, »°,
Fam nat swe they understand.

{Vi6, 7. 28)

As wo obsorve the vidoo af hor lesson, sho claborates:
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- Sue's quostion about starting with 125 degroos does not resurfaco,

From my porspective a8 researcher, this wecidont promised to provida insiglht into
diverse communicativo competenge within and acroess loarners, and how toacher

“actions  are shaped by problematic communication and have offosts on
mathamatieal knowledgo, that is, into o nest of problems pertinent to the research
project as a whale.

4.3 Soma of Sua’s reflactions

As mentioned earlior, thore are commonsense assumptions about the benefits of
interactive, fearning: that it will vemocratiso; that it will make communcation loss
problematic. More spoceitically, the Cockoroft H@pert_ (Cockereft, 1982) stimulated
wiliit has beecame a now conumoensense notion {though not noecossarnily conmimon
practice) that mathematical learning s enhanced by feacher-pupdl and pupil-pugil
disgussion, After somo yoars of promoting interaciion and digeussion in hor
mathematies cfass, Suc has pedagogical concerns that could bo asuribed to
managing the democracy-development tonsien, and thoy org writ lavgo!

Sug's eponing puint in her reflegtive intorview 18:

w

o the thing that wetrips me the most is that | am not surg
whether, 1 am not sure o what extent it helps thom learn, |
think that talking to caclt ather is not unpoblematie, 1 think
a lot of the kids don't listen, Maybe thoy are teo young. 1
think, You can see it with the questions i they'f ask a
auostion ang say I don't understand and then the one who is
up will try to explain and it deesn’t reolly help but they are
being polite and they are not quite sure and they say 'OK fine’,
{ am ngt swro they undoerstand.
(ViB, 7 28)

As wo obsorve the video of hor fesgon, she elabarates:
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4.2 Ny initlal ohservations

At the outset, whilo observing tho losson in process, this incident caught my
intorest. Firstly, | was improssed by Joo's dynhamig, relational conception of the
angles of a triangle - huow angies change in relation to each other', Yot he
strugglos to explain himsel elearly, 1o find the words and illustrations to IXHCSs
his ideas publicly. Roso’s question cnd Joe's response suggest that thoy did not

'understand gach other and Sue's mediation facuses an glarifying Rese's quostion,

and then on how to labet angle size clearly, on estimated angie values in tho
diagrom, and away fiom tho actual mathematical contont ot the task - away from
‘stretching' 1o form an obtuso angle to labelling anglos.

in my fiold notos {VFNSA1) | markod this as an instanco of problomatic
comimunicative compotence - of a difficuity with mathematical English - 50 a8 to
ensure | discussed it in the roflectiva interview with Sue, Spacifically, | noted that
the anglo labelled 37 dogroes was ignored, and that this contradictory ‘estimate’
might have beon confusing. | alse recoirded my sense that the teacher did not
share my enthusiasm for Joo's goncoption.

After studying the viduo on my ewn, prior 1o and in preparation for the retloctive
intorview with Sue, 2 number of things interested me that are important to peint
out now - but witl only bhe evidenced later in the chaptor, Whila Joe battled to
expldin himaolf to the clogs, carlier he had managed te ganvey his roasoning to
both Sue and his partnor, afboit with lots of particularist language and pointing,
Suu is not entirely happy with his explanation, whether it covers all possitilitios*
and suggests ho trios to 'start with an abtuse angto like 125 degrec* {500 p. 229).
I the rocap at the beginning of the foliowing lesson the noxt day, Joo's partnor
vosuntoers and summarises his reasoning quito clearly to “he elass.

oo He said miss, um, you stretch B nuss, then A and € will get
Smailer,
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degrees, uh, that 10 degrees, let's say B had ... uh uli
i it if ong angle strotehes then, ull, the the two angles,
the two othor angles have to contract, '

Sue: Okay what do other & think?  Any quostions?
Roso?
Roso: Isn't that triangle the same as the other one if you

measure ()}

Joe: 1 was just doing an example, | forgot what angles I was
using in my boek [l but [} they are supposed t6 add up
soemowhere near tg 180 degrees |,

Aftor some teacher-mediated interaction botween Roseo and Jog during which Rose
is abla te clanfy that her quostion is whethor the one triangle is the *same gy the
other turned upside down', Sue says:

Sue; { think Jue maybe the first problem is that you haven't
shown these anglos on the picture and lots of people do
this - they write the anglos outside the pieture. QK
Now you know what you mean and | know what you
mean and maybe some people know what you mean.
But to bo elear fshe writes the angle sizes inside the
triangle), do that. Put it inside {] Now, are these two
triangles the same just turned upside down?

She eantinuaes interacting with the ¢loss ta ensuec thoy undorstand that while the
uiangtes 'loek the same’, they are net. So, Joe in not 'wrong', The bell rings but
sho eontinuoes:

Sua: H it does not 10ally matter what they really measure -
we Stilt got wiut he is trying to tell us beeause he has
shown us an example of what he has done {I we will
come back to this tomoriow,

{VTEA1
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4 A VIGNETTE: AN INCIDENT AND REFLECTIONS
41 From stratching to labelling angles: an incidant

KEY. (brackots within & dota oxtract - resoarch commentaryi
{0 - inaudible utterango
{1 - unnecessary utterances edited cut
{} - short pouse
s = lONQOr pause

Joe, Std 8, is 'roporting' to the class, his explanation for a worksheet question ''s
it possibie to deaw a riangle withs two obtuse angies?’

‘While tatking, ho draws the following two trianglos on tho board:

Jee: [ said alf the A's must be liko more than () they must,

Kl A uh, be the biggest in the triangle, um, so that if, uh, if

< Kl this A here, say, is ke 89, 1 and then these are say 37

318 and (mumbling to himself, ya, ya) 44, ya. And then in

this one, number twe, [} it will be an obtuse angle, 1

sald 81 and this is 44, () and this here is 46, na

ferosses it out and puts 45 - all Yabels' are outside the

p trignglel, And | said like if A, if A is going ta streteh,

"5 if A s goiny tv stretch fpointing to 911 then these two

Ag w3 angles here .. if it has to streteh then these two, ke
' theso twa they are going 16 eontract.

Ho draws anuther 89 dogrea angle belew, and ro explaing:

If this hore, i thig is A, if A is here now miss and it it
has tv streteh, like these two we gonng have to il
them Both .. if this is 80, and you if you, it you, if it is
gonna i, turn ta be lots say 110 or something, ()
fdrawing the obtuse angle) then this ono here (pointing
to top angle) will be smaller than it was before, 1 was
before, 8o, 80 it it was, say. 40 here thon it is going to
be 30 here, uh () then A I8 going te he taking that 80
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mathematics is a deductive system whore you must ‘think moroe mathematically
e teason mora logically', not just roto rocoll (fi4, 107-109); for Holon, tho
chillenge is 'to make ox; "cit the mathomatical lawguage invoived' {1, €-7);
mathematics {among other things} is a fanguage, and hor groatest thrill is when
pupils 'use maths language o explain somaothing to thoir frionds... thoy start to
usu the corroct language' {1, 345-347) In thair refloctive interviews, both these
toachers comment on the difficultios seme pupils have articulating theie thinking
{Vi4, 27-28; Vi1, 210:211) and note that whon their pupils are intoracting, often
thay do not really engago cach other. Indeed, mathomaties is hard to spoak

{Pimm, 1987).

Thandi says that, in their groups, they don't explain, they 'just say what is to
happen' {VI4, 46-:47). Helen olaboratos that while sha tricd to oxplicitly teach
pupils to ask eaeh other why, to domand an oxplanation, thay don't.  Thair
ittantion is on gotting out o sclution, evon in epen-ended invesbyutions. Bhe is
finding

e increasing ditficulty with the word ‘discuss’, they can't ... | don't

know what it is [] They are not talking te cach other properly. Thoy

are not listening to each other [l The whole issue of discussion Is

very coniplicated fur me and 1 am struggling with it alf the timo. It Is

10t something that only comes up ceeasionally.

{vi1, 299-320)

In addition, tho selocted incident ecours during 'report bagk® on wark pupils have
been doing. As deseribad oardior, reporting baek is eommon practice in ¢lassrooms
wiere pupils vwork on a task in groups of paies.  Bveon in traditional glassrooms,
whare pupits will work on an exercisg to p.actice o skill or concept just taught,
public articulatinn of answers 1o a probiom and methods of arriving at them is
often sought. For oxample, public sharing of hamework is used as a resource for
whole class taashing and Irarning, The significance of the incident selocted in this
ghaptor extonds to possibilitics for illuminating practieos in o wide range of
nthematies glassrooms,
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mathematics is a doductive system whero you must 'think more mathematicaly
. reason more logically', not just rote rocall (ii4, 107-109); for Holen, the
challengo is 'to make explicit the mathematical lanquage involved' (i1, 6-7);
mathematics (among other things) is a language, and her greatest thrill i« when
pupils ‘use maths language to explain something to their friends.., thoy start 10
use the correct language® (111, 345-347), In their refloctive intorviaws, both these
teachers comrment on the difficulties some pupils have articuating their thinking
(Vid, 27-28; Vi1, 210-211) and note that when thair pupils are interacting, often
they do not really engago cach other, Indeed, mathematies is hard 1o speak
{Pimm, 1987).

Thandi says that, in thair groups, they don't explain, they ‘just say what is to
happon' (Vi4, 46-47). Holan alaborate that while she tried to oxplicitly teach
pupiis to ask esch othor why, to demand an explanation, thoy don't.  Thair
attontion is on gotting our a solution, aven in open-cnded investigations. Sho is
finding

« inCreasing ditficulty with the word ‘discuss’, they can't ... I don't

know what it is {] Thoy are not talking to cash other propotly. They

are not fistoening to eech other [I The whole issue of discussion is

very complfcated for me and { am struggling with it all the time. It is

not something that only comes up oceasionally.

{VIi, 298-320)

In addition, the sclected incident cccurs during 'repart back' on work pupils have
been doing. As doscribod earlior, reporting baek is cormmon practico in ¢lassrooms
where pupils wark on 0 task in groups ar pairs, Even in traditional classrooms,
where pupils will wark on an exorcise to practico a skill or concept just taught,
public articulation of answors to a problem and methods of arriving at them s
uften sought. For example, public sharirg of homoewaork is used as a resource for
whole glass teashing and learning, The significance of tho incident solectad in this
chapter oxtends to possibilitics for llluminating practices in @ wide range of

mathemities classrooms.
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embrace domogcratic and devalopmental ideals and that are both personal and
pragmatic. Insight, that is, into tha very real and goncreto challenge in education
of working the democracy-development tension and its intorrelated dilemmas,

3 METHODOLOGICAL COMMENT

In her initiaf interview, Sue clearly articutates the value she places on mathematics
being 'something you can talk about' and 'have your own ldaas about' and not
somgthing you 'just da'. Prether, it is not simply about getting answers; it is also
about 'asking quostions' {16, 13-15, 25, 75-76). Her greatest thrill is 'Good
| guostions, whon pupils eome up with good quastions' (116, 726-727}. Sue clearly
values mathematical knowledge as social and poersonal, diversa and problematic.

‘Typical' activities in hur class are *pupils working in pairs' on 0 task, an
investigation for oxamplo, or coriparing homework, and her 'in front with whole
class discussion'. Howsver, her range of strategies ‘depands on tho class’. In
classas whero thore are a fot of weak pupils, there is 'more individual teacher
suporvision' (I8, 737-754}). As will ba shown, Suo goes a lung way to
establishing tha participatory-inquiry approach thax she values.

According 1o Sue, Joo and Rosc {two pupils prominent in tho incidont bolow) 'arg
not communicating' and she adds that this *happeons a lot'. This is said as sho
obsorvod tho inctdent. Earfier in tho roflective interviow sho says! 'if thoy are not
groat at oxplaining, they don't undorstand cach ather' and this happans 'often'.
The ingidont selacted instantiates probfomatic communicative compoetence and is
thuy illustrative of common ocgurences in Sua’s ¢loss,

Two of the five other toachoers organise part of tholr lossens for pupil-pupil
discussion, though in difforent ways. Thoy aise have ditferant congeptions of
mathematics and value differont kinds of pupil behaviour.  For Thandi, the
chalfenge of teaching mathematies is getting pupils to ‘reason'.  For her,
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through having pupils oxplain their ideas to the rest of the class. Tho task-based,
interactive mathematical octivity that is provided in such a class offors loarners a
qualitatively different mathematical oxperience, and hence possibilities for
mathematical learning and knowledge development that extend beyond traditional
'telling and drilling' of procedures {Adlor, 1993b).

A participatory=inquiry approach places particular demands on both teachers and
learners. AS the incident in Sug's fesson will ghow, this approach ¢an, at times,
turn in on itself, constraining possibilities for the dovelopment of scientific
concepts and so mathematicat knowledge development. This hightights what in
contemporary South Africa is well known as the ‘demogracy-development'
tension®, a tonsion that is expressed at all lovels and in oll classrooms. In school
mathematics, wa can undorstand the tension as batween developing demaeratic
practices and doveloping mathematical knowledgo, or In Sue's tarms, botwoeen
mathematies as 'something you can tall about ... have your own ideas about', and
accoss to mathematical knowledge cunanised in the mathematics curriculum®,

Contained horg are a numbor of the Berlaks® {1881) curriculum dilommas: of
knowledge as given vs. knowlatdge as problematic, of learning as social vs,
loarning as individual, and contrally, of knowlodge as poersonal vs. knowledge as
public. More obliquely, tho sagictal dilemma ot equal vs. differential allocation of
rasources can bo diseerned. Eaeh dilomma invekes ¢ iestions abeut moediation,
about communication ond a toachor's and pupils' rales in tho gonstrugtion and
appropriation of mathematical knowlodgo in the classroom. Each dilemma is
axplored in this chapter and specifically focusod on language and mathematical
knowtedgo,

As has been argued, tho personal and the practical aro deaply intertwined in the
managoment of dilommas. Through an in-dopth analysis of the actions and
raflections of ane skilled teachor in a particular contaxt, we gain ibsight wto tho
comploxitios uf toaching mathomatics in multilingual slossrooms in ways that
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meaning, can inadvertedly constrain mediation of mathematical activity and accoss
fo scientific coneepts.

These assortions will ba instantiated and illuminated through an analytic narrative
vignetta based on an ingident in Sua's multidingual clagsroom and her roflections
on it. This chapter commences with a dissussion of a participatory-inguiry
approach and a briet methodoiogical commont. Unlike Chapte 8, the vignetto is
provided first and followed by a detailed description of Sue's class and her
refloctions. The dotaf is necessary precisely bocause Se's approach is distinctly
different from dominant approaches to teaching and learning mathaemotics, It is
a rich context far exploring the nest of research guastions above.

2 A PARTICIPATORY-INQUIRY APPROACH AND RELATED DILEMMAS

Before attending to Sue, some goenoral commonts on what | have called a
participatory-inquiry approach arg necessary, parsiculurly in relation 1o dilemma
language,

A participatory-inquiry approach to teaching and loaming i often driven by
domoeratising intent, with dugl goals of moving away from authoritarian
approaches to teaching, learming and knowledge, and improving tho socially
unoqual distribution of access and suecess rutos,  The underlying working
assumptions in this ¢ase aroe that knowledge and learning are social and that a
participatary approach te learning and toaching mathematics is more appropriate,
moaningful and effective than a traditional teacher-centred appruach

in o perticinatory-inquiry approach, pupils ara oxpected to take raspoansitulity for
their tearning. Typically, they are provided oppartunity to engago with challonging
mathomatical tagks, cither along, but morg fikely in pairs er groups.  The
knowladgo pupils bring to ¢lass is recognised and valued. Divoerse and ereative
responses aro encouraged, and justifications for mathematicat idoas sought, often
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5.2 Thickening Sue's reflections

As discussed carlier, Sue is aware of difficulties pupils have, On Joo's difficulties
artleulating his thinking, she says Joo 'does okay' but she doesn't know 'how to
move them on. | don't know huw to develop the language'.

5.2.1 A good explanation i3 a generalisad ona
On the content of Joo's thinking, sho says:

S ! think what | was saying to him is you started with one
triangle and you exgp™ined it - 80 now start with a different
triangie {f 1 am dofinitely pushing Joe more ‘ceuse f felt the
others are more generalised explanations. He was starting off
with a speeific triangle. :

{vi§, 802-521)

Aftor some discussion with hor an why | thought his congeption was sophisticated
ang dynamic and had a gonerality to it, sho adds:

8! « Ja, that IS a VERY good explanation, except I did want him
to generalise more.
(Vi§, B84-585)

It is difficult for teachers to diways see pupil porspectives:

Jt What is so fasciiating about this is how do you seo
overything

S you can't ... ospogially when he is not vory good at
axplaining himsclf {1
{V1G, 887 591
This affocts what gats offirmad:

8 They must, they hove ro. 1 mean ip terms of
affirmatiosn: how do | know that something is good.
how de { say that is g good question, 1ts because it is
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to the content of the task., Why is it that Joe and Rose battle to engage cach

othars' ideasy

When Jog reports. Rose, who perhaps cannot read his representation on the
board, also asks a seamingly off-task question. The two transcripts support my
sense, while observing the class, that in this report back session gonstraints are
operating on pupil-pupd negotiation of meaning in relation to the contont of the
mathematical tasks - most discussion and mediation is rolated to questions of
clarification of elemeonts of the report given. Such questions are, of course, part
of tearning mathematies’, The point here is that if quostions aro all of this type,
decper mathematical thinking could be constromod.

Suc intervenes when she thinks thora is confusion. if we recall her individual
interactions with Joo and Rosa while they were on task, sho listens to what they
arg saying, supporting thoir thinking, but also pushing thom bath to think in more
generalised terms {to Joo: try 125; to Rose: are you sure it is always the ¢ase?).
She thus seems to have o notion in mind of what a more gonerolisod answer could
entail, This individual mediation of a scientific congopt does not, howover, entor
tho public space of whole class modiation.

With hindsight, it is interesting to me thao on observauon, | never considered
Rose's presentation as at all problematic. While it is mere protficicot/fluent than
Joa's, on gloser examination, sho prosonts her coaclusions meare than the
approach to roach these. It thus |- an agcessible sequencing. It oo 68
problematic, though for vory differen. reasons. In Sug's seeond class that |
observed and recorded, tho twe pupils publicly reporting on this same task also
display difficultios in formally articutating their thinking, in talking ahout
mathematics, There are smilar elemients of prablems with fluoncy and soquencing.
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24 Sue: Joo are you talking about acute angles in a triangle or acute

25 angles in that diagram (points to the board]? imumblingl In a
26 triongle? Well, what to you think? Can you use other angles
27 in a wiangle?

28 Joo: no

29  Swe: Has Mzi's explonation helped or are yau still not sure?
30 Joe: yos

31 Swver Swe? OK [}

Jac and Rose clearlv *are not communicating' (fines 13 - 17). Duspite Mai's and
Sue's participation, and althaugh Joo says tho explanation has helped, the bonetits

of this discussion ore far fram clear. Joe's 'yes' is unconvinging and it would have i
been Intoresting and perhaps boneficial if Sue had asked ‘How?' instoad of 'Suroa?’. -
32  Thanmmn: Uh migs, ho said niss (¢ got two obtuse angles yoeu got

23 & quadrilateral miss... dees it necessarily have to bo @
34 quadrilatoral? .
36  Rose: It docs. '
36  Sve: What do you think -Thami?

37  Thami: We got a kite miss {1

38 Many: fexclaineng - including Rosv), It is a quadiitateral ...

39 flaughtor  some mumbling).

40  Rose: If you are trying to draw a triangle with two ebtuse thot

41 fpointing to her diagrami is ...what yoeu got.

42  Suc: Aro you hapny Thami or is there still something

43 worrying you?

44 Thoami: 0k...
Joo's 'strotching angles' follows ths,

in this roport Baek time, Suo invites pupil intaraction and the class, or ot loast
soma pupils, rospond witlingly., Interagtions follow, predominantly butween Joe
and Rose. What is interoesting is that Joo and Rose have difficulty communicating
on Rase's prosontation m mueh the sama way as thoy had an Joe's. In contrast,
the interaction botwoen Rese, Thami and Sue is more successtul (lines 32 44},
Thanu's quostion provakes moaningfud discuseion on the task wheras tho
guestions Joo and Reseo ask &ach ather are diffieult 1o interprot and soem unroiated
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As montioncd earlivr, Joo and Roese provide tho twe reports given i the 11
-minutes remaining for report back during this losson. Thay engage vach othor on
their roports.  Jeo is second.  To cemplote the context ot the medent ot iy
important to see what happened beforo with Rose. As will bo shown, Jo¢ and
Rose have similar diffigultios communieating about hor roport.

00:25.04 to 00:28:36

Sue: What { want us to do now - 1 amn geing to ask one peison from
aach group to go up to the hoord 1o tell us wht they have
done and to oxplain it. [| OK Rose fRose goos to the boord
with her baok.)... OK peoplo, listen ta her ond see it it makes
sense to you, and ask hor questions it it doesn 't

Rose: (To the class - Sup is standing on the side of the classl. Fist
! am going to show you the drawing. iShe draws tlus, silentlyl

1 [Then, pointing to the base angles, sne says:) This ona is
-2 obtuse and this ono. Then, {pointing to the top anglesi these

3 ones are the acute. OK? eh . We said, we said, uh, that it is
4 impossibie, uh, because whon you draw a triangle with, uh,
8 two cbtuse angles and gne acute you ean't da it, uh, ees
B whon yuu draw & triangle you have tv got twa, uh, two or
7 throe acute angles. So, wo said we got this drawing whicis is
8 2 qua-dri-latcral drawing to got two obtuse angles. (then very
9 muietly «  the elass) Do you understand?

10

1" fsome murmutings of 'yes

12

13 Joor Why, why do you need two acute angles?

14 Roso : Two or three acute angles ...

15 Joo: Why do yeu need acute? Why can't you use any typi: of

16 angle?

17 Rose: ... sa what we did we get two geute angiles, or three {shrgs,

18  Mazi: Can | answer faddressed ta Rosel? um Joe, you are tlking
19 atout o triangle ne? alrcady um OK  um um ean you use a

20 veflox angle to drow a tiangle?  Loe answers ‘no'l 8o

a1 obviously she can't use reflexos so ghe use acutes and

22 echruses (not easy to hear, said hattingly! to find the angle.

23 vertical, trinngle ...
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As descubed w1 Chaptee 4, dunng tho werkshops two other teachurs tulk of
diftiutties with pupil oxprossiong that confuse ather pupts,  and thear tendency
hot 1o call on those pupils publicly.,

Clearly, i a multiingual communicative classroom, Jho nguistic demands on
pugis merease.  Teachers in this stidy are aware of pupn Gdfficulties but they are
not sure how to improve language skills and so the issus IS not exphoitly
addrossed.  This vignette and s lorgor stady sugaest that problematic
communicative  sompetence v gonoral, and  wathin o participatory  nquiry
pedagogical approaeh in particular, leads 10 scloc ¢ tedcher pupil intoractions and
these are potentially difforentiating,  This points to the dilemma of equal vs.
aifferential allecation of resowrces and Lave and Wenger's argqumont aboot
particpation being a funetion of ueeess 1o resaurces In the pracuce.  Hore
- language {through communication and partieularly vorbalisation) ig a roseurce for
tearnting that inadvertontly becontes ditforentiplly disteibuted.  Those not golled o
Hiave less opportunity to talk abaut thewr thinkang.

n the time whdo pupils work in paies ane the workshueet, and Sue crgulates, wo sop
hor managing the complexities of hor participatory siquiry appraach o ber
multdingual ¢lassroom - complaxities thot lie i tho intorplay botween pupils*
communicative compatenee and the deepening of thair mathematical knowlodge,
batween domeogratising tho clussroom and samultancously dovelopmgy mathemagienl
kuiowledgo.

5.1.6 The lassan: from talking withi to tatking about

Tha last gurt of the lesson 8 report Baek time whigh demands public articulation
of work done. Sue manages 1o gentinue her encouragemaent of participation und
inquiry, but here throuigh wholg-glass interaction. Modiitian and negatiohon of
mathematical meaning comoe to take on a different form with differont possibilities
HYE constraints,

234



§.1.5 The lesson: demands on pupils' communicative compatence

As iy partly dlustrated by tho five pupiis whao bhad difficuity in giving cloar
exploniitiong, thore is difforontial connunicitive compotened o tins cliss mn g
of demenstrating knowledgo through writton languago, Theso pupils do not
voluntoer to report on their work publicly. Noe do thoy cngage with those wlho do
report baek.

l oth her initial end hor rotlective interviews, Sug (iscusses problems sho facos
n encouraging al to participato publicly.  Sho waonders to what oxtent foreing
‘themy 10 explain {‘and thoy are not omfortable' doeing this) ‘inlubits thoir
understanding' ond 'croates insecunities'.  Alse, somoe  pupils are  poor
communicators and confuse tho clags. She reuhses that this affects her own
rosponses and intoractions wiugh, in turh, may have pagutive eHoets on pupils.
Pupils whe valuiteer usually have somothing to say, and moreovorn

S:  ldo try to choose them when I know thoy will have semething
to say... and then you are dlse saying something to the kids
wiha den't get 10 go up ... there is one kid who 1 don't got up
hoeeause ho will jugt confuse everyone

V16, 1202-1212)

Without wishing to detract lrom the focus of this chaptor, it s wterpsting and
useful to tho evidentiory nature of this vignotte to add here that Thand s smitarly

awary of her own oxglusionary aetions boecause of poer Communientive
competenta. 1o her reflogtions, sho says:

T ! choose the willing ones, thoy listen, always willing to do
things. Then it seened to me the other pupils don't got to be
soon - fike thase who are not wiking on the vidoeo.

{W3, 65 b9}
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singn an obtuse angle is more than 90 degrees, two wall give more than 180
dugress and thus will not mako a triangle; or thut if you start with ong ebtuse
angle and then tey to draw 0 second ong, you will fand up with o quadritateral and
noat a triangle. This lntter is Rese’s approach,

One pupil, Mai, wroto:

It is imnussiblo begauso it you have an obtuse angte, you will have
a fiv-o \hat wilt have to bind the two points tagother, 80 you will got
acuta anglos,

Of the 32 students acrass hoth glasses, 18 rosponses wora similar to Rose's, 8
wors foguses on the angle sum in g triangle, three were like Mai's and 5 woro
limitad or unclear explosations.

impogsibio boeause then you will hut hitve a trongle
mpossibln v (dravwing A te Support answer }
Impossibie (no support for answer)

It is impossible begause obtuso s bigger than 90 bocausa all the angles
havoe to add up to 180

You connat drovy it heeause it is fsagrer than 80 and o trianglo s 180

Thoro are cortamnly ditferent ways of approacehing tho task and onswering the
question. Speasfically, wi s0e o moro doductive, potentially algebraie argument,
on thit one hitnd, und wisual, morg sntuitive conceptualsationy en the other. Again
wi 500 that whiat Suo volues, she aceomplishos. However, diverse rOSPONSHS aro
nat onty it orientation but also in quality.



spontaneousiy asks quostions, for examplo: How many trianglos aro thory m the
world?

in addition, she fosters pupll-pupil intoraction. Pup'iis interagt with oach othor
~while on task, and then during report back. Pupils have loarnt that thoy aro
axpected to ask themsoclves why, to axplain and ask why of othors and to interact
verbally with cach ather.

These intsractions, whilo controlled by Sue, altv refieet her skill in managing the
gonstant interplay of democracy and development, in listening to and pushing
pupiis in her interacticns with thom and the task in band. What Sue values
{mathematics as somothing you talk about, have your own ideas about, ask
qm}stions ahout; loarning as social; knowledge as porsenai and problomatic; and
lsarners: as diverse - seo p. 2181, she aceompiishes, ' |

i"his patticipatory-inquiry appreach stands in sharp gontrast to many mathamatics
glassrooms whore toacher-initiated rogall-typo quoestions ond 1 R-F interactions
linitintion-rosponse- fondback) pradominato and whaore pypils 'go for an answer’
{Campbell, 1886}, Sue's lessans are hetter doscribed by pupils' 'going tor @
quostion’.

t recall my oxeitement and admiration in watehing this lesson - so ditforce  from
mast ethers wihiere pupiis all do the same thing in the same way. Hore, dospito
curricula gonstraints and in contrast to dominant practieas, a cuiture wis heing
creatod that provided pupils with cenfidoncea to inquire, interast and develop thair
mathematigal intuitions.

'§.1.4 The lesson: mathamatical knowledga and diverse pupil perspactives

From the videotape and copios of their writton answaers, pupil reasoning for why
Q318 impossible' mludes numerieal and visual justifications. Most are cither that

VEY



More oxplicit in Sug's interactions is a validatien of pupil perspoctives on tho task
pravided they are meaningful, that is, thay ‘make sense'. In oddition, in her
encouraging of Joe and Rose, we can seo possibilities tor bringing forthy the Zone
of Proximal Developmoent {Vygotsky, 1978, p. 90}, for doeepening their
mathematical thinking through develeping tha congept of generalisation, and her
tacit knowledge at wark, Working with Wertsch's cloboration af activity and tho
ZPD (Weortsch, 1984, 1891b), she supports Joo's titinking by suying s
explanation is *OK' but alse challonges his situation definition, sugg: ting while
admitting that sho is not sure, that his oricatation to the task evidenced in his
~ actions is possibly limited, and that he should alse start with an obtuse angle,

Of course, at issue horo is that situation definition is not simply reiated to the
actions and operations, but also to motives™, It is perhaps Sua's motive for a moro
goneralised response that is not shared by Jee. 1 will raturn to this paint later.

in Lave and Wenger's {1991) torms, thero i8 ample opportunity for talking within
tho mathematical practices in this class. As discussed in Chapter 2, Lavoe and
Wengor distinguish between talking within and talking about a practiee. They
argue that full participation in a community of practico moeans learning io talk,
whigh ontails talking about and within tho practico {p 109). And both tolking
about and within a pragtico themselves entail talking within and about tho practice.
In ¢lass, pupils are within scheal mathaematical practice. Whilo on tasks, Sue's
pupils are talking within thoir mathomatical practice, Thon, and lcss 86 in this part
of the lesson, thoy diso alk about thair mathematicat idoas, either to the toacher,
or thair partner,

An inquiry approach is evidont in Bue's actions and in uttorances liko Joo's 'But
why'. | abserved four of Sua’s lesgons, during which pupils asked her a wide
- rango of quostions, for exampie: Can we have a survod anglo? If woe havo a right
anglo is there also a feft angle? In a triangle, why don*t we inglude straight anglos
{raferring to any point and a 180 degree angle on one of the sides). Suc also
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00:13:06 to 00:14:36

Joe: [ am confused miss ... It is impossible miss because when you
have this, miss, ne, it is 90, ne? {flet's make it 88})) but
fpointing on his book) then these are both acute ne?

Sue: vyes

Joe: You make this one an obtuse angle, ne? So you like streteh
this a bit and then while you are strotehing this, these two
angles fteacher saying right right as he exploins with pointing)
will get smaller - so that is why.

Sue: That Is an okay oxplanation - but | am not surg if it covers all
the possibilities, because what if you start off with an ebtuse
angle? You started off with 88 and it become 81 - and | think
you should wiite that explanation. But when you have
finished writing that think ahout what happens If you start off
with an obtuse angle, like 125 degrees, Could you then have
the triangle with another obtuse angle?

(Sue then turns to Jog's parther to see if sho shares Joe's view and
then encourages them to ‘together think about the 128 degree
starting angle’l. '

Sue ungourages both Rase and Joe to consider the generalisability of their
answers. She is not entirely happy with Joa's explanation - but she is not surg «
hor tacit knowledge is to push him to considsf whather his explanation nolds if he
starts with an obtuso angle. We thus see here that implicitly developing the
congept of peneralisation is includad in Bue's lasson goals,

in thia part of the lesson, Suc gots round to the whole closs. Har interaction, her
mediation and s¢affolding, as mentioned obove, are pradominantly in the t 1m of
quastiong that ongourage learncrs to articulato their thinking, presont their
rgasoning and to question sach other, We can soa opportinity for conscious
roflection, and In Vygotskian terms, possibilities for developing of higher
psychological functioning, and spogcifically though implicitly the scientific concopt
of gencralisation.
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This temporal analysis illuminates the pedagogy in operation and Sue‘s valuas: she
alfocates a considerable amount of time to the paired work on the tasks.

Jog's stroteiting incident ocours in report back time and concerns the possibility
of drawing a triangle with two obtuse angles {Q3b abovel. [t is focused on two
pupils, Joe and Rose, who work separately, each with his or her own partner.
Both offer their work in public report back time and both engage each other on
thair raspoctive reports.

5.1.3 The lesson: Sua's participatory-inquiry approach

While pupils are working in pairs on the werksheot, Sue circulutes, Hor
interaction with learners is largely through questions of clarification and
justifications of thoir ideas, and encouraging of their (pupil-pu'pill interaction, 8o
questions like ‘Why?*, 'How do you know?', ‘Do you understond what {your
partner} says? Ask him a question?' prodominate. In addition, she also remingds
learners to write their explanations in words andfor @ draw & picture - thus
reinforeing difforont representations built into tho waorkshoet,

In addition to deseriptions, guestions, explanations and Justifications, Sun also
encourages some pupils to consider and extond the gencralisability of thoir
angwoers,  in Vygotskian terms, gonoralisotion is a scientific soncapt, tinked {o
other concepts and acquired through modiated systematie instruction. Sue's
interaction with Rosc and Joc recorded bolow whila thoy are working on thair
tasks with thoir partnors reflocts how ot thes individual toval she works 10 scaffold
this scientific concept and manages tho democracy-devole=r sant tonsion, She
intaracts with Rose on hor answer to 3b (Rose has drawn a shapo Jike this: \__/ ),
Sup validatos the response and then asks: 'Will this always be tho case? that
they don't join?'. And when she gots to Joo and his partnor, h says:
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§.1.2 The lesson: a tamporal analysis

The lesson which produces Joe's stretching is repeated with a different Std 6
class on the same day., Whore illuminative 1 will include necurrences from both
clusses.

For most of the 40 minute lesson, the 18 pupils in each of the two ¢lasses work
in pairs on part of s worksheat {Figure {ii} below} whera tho questions are designed
to elaborate the concept of the angles of a triangte,

I N S g L 2 - R
FORM |: GEOMETRY

If any of these is impossible, explain why, otherwise draw it.
1. Draw & triangic with 3 acute angles.

2, Oraw a triangie with 1 obtuse angle.

3. Draw a triangle with 2 obtuse angles.

4, Draw a triangle with 1 reflox angie.

5. Draw a triangle with 1 right angle.

B, SN SO T -1 S S . WO MERCIRANTETITIN T

Figuro (il): Extract from worksheat in Sue's Std 6 class

The lesson beging with briof Instructions rofatod to the worksheat, Puplls are to
discuss thoir idoas with their partners, and illustrate (draw o diagram) and writo {in
words) an explanation of their answars in their notebooks. They are also told that
later in tho lgssan, one from cach pair will he calied on to 'oxplain’ what they have
done to the class

Thera are thus throe distingt tima-frames in tha losson: the first fow mindtes oricnt
the whalo class to the woerksheot Yo next 25 minutes, pupils worlk in pairs on
this worksheat, The last 11 minutes are tor whale-class report bac k.
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I have described how Sua's idea of what constitutos a 'good explanation’, one
that is more genoral, is not made oxplicit, This implicit intention iy evident in
individual interactions and absent in Sue's interaction with the whole class in
pnublic report back time. Howevar, it is her responsibility to provide appropriate
instrugtion af a more géneralisad rospense. But doing this products a profound
dileroma for Sue and othars as eroative and roflagtive as she is. She would need
to highlight attention and provido a scaffelding proeoss not enly on haw Jog and
Rose differ, but why in her view Rose's response is more goneralised and thergtere
& botter oxplanation. This could be doneg in A way that continues 10 sncourage
pupil participation and interaetion but such activity an Sue's part might well
underming her goat for hor pupils to take responsibility for thair leaming. Jec
might feol that hig thinking is not goed engugh botause it is not ke ®oso or Sue's.
Thig tould inhibit his willingnoss to partigipate in futurg or npgatively shape his
goals. Yot if Sue does not mediate publiely how and why Rose's response is a
goneral angwer, but Joe's a specif:c case, then her intention to develop '‘good
sxplanations' and havo papils negotiate meaning will be thwarted,

In this wo ean soo that pupils’ difficulties with engaging eaeh ethor are more than
matacognitive on the pne hand, and on the ather, mere than thow ability to
pxprass their mathematical thinking. Thaoir difficulties ore bound up with the
teaching and learning approach in the elass. Agam, wo see the throe dimensional
dynamic of learning and teaching mathematies in multilingual classrooms,

Whut we loarne 80 forgofully from Sue is that she knows that oxprossion and
engagement are problems, but not low o deal with these. | am thus arguing from
a Viygotskian perspoctive that Sue does not sec how her approach, smboddod as
it is in her actions, is implicated in noither facilitating the ¢roation of o constriction
2one for Joe and Roge, nor in modiating the sgientitic concopt of genaralisation,

Pragmatically, given timu genstraints, the quaestion of whethaor, at this lovel, the
concept of generalisation ean only bo wnergent and individually mediatod must bo
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socigl. S0, she wants them to ask each othor more effestivo quuestions, perhaps
liko thoso she asks Jr  and Roesa as she interacts with them individually while they
are on task. | havo already posited ono reason why this doesn't happen. There
is no effoctive Zons between Joe and Rose.

Tha jrony hare is that Sue's desiro for pupils to ongage cach othor i3 perhaps
simultaneously part of and undarminad by hor participatory inguiry approach, and
ihis appoars to bo sbseured trom her. What are hor purposes behind ot
refocusing? It is arguable that Sue's concern to ¢ .courage participation and
inguiry interacts with the difticulties pupils have in uxnlaining thair thinking and
engaging cach other, and hor repeated peint that *she doesn't know how 1o help
them'. Together theso mitigate against her mediating across ditferences and
gvaluating the differing substance iznd gontent of what the Aupis offored.  Righ
mathematieal pessibitities are thus simuitaneously created and partially lost®, the
trade-off for sustdining what she has workod hard to build - g culture of
mceaningful inquiry where pupil porspectives are valund and knowledge is troated
‘a8 porsonal and problematic.

A sogoend cxplan: on 88 10 why Sue doos not refogus relates 1o her npheit
mtantion in the lasson - the dovolepmoent of the seientific concopt of
gonoralisation. As Bartalini Bussi (1988] argues:

« In @ Vygotskian porspaetive, a scientific conept is heithor o
natural dovelopmant of an overyday concept nor g mattor of
negotiation, but is acquired tlwough instruction {p. 96,

Bartolini Bussi arguoes this in hor analysis of classroom aativity whete a toaching
intention was the sciontific concept of *patterning' but toaehor modiation of this
congopt was nowhere evident in teacher-pupt intoractions en thoe task sot. This
then aceounts tor difiicultios pupils had in gonorating and working with thy
pattorns in the wsk.
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Here wo are eoncerncd with learning and devetopment  possihilities through pupil-
pupil interactions. Joe and Rose dg not share the same gituation dofinition. Rose
starts by drawing obtugse angles and then cannot form o trangle, only o
quadrilateral.  Joo stans with a trianglo ond sees that it he strotehies one angle nto
an obtuso angle, the others will eantragt. Thair oriontations te tho tagk, their
objects of attention, are difforont and thoy struggle 1o sce past their awn
orientations to engage with cach other. There i8 no cifective zene here for either
of them in their nteraction. That is porhaps m}hy wo cannot fathom their
quaestions ond why Sue's insights are portingnt.  This also oxplaing why Raso and
Thami's intoragtions are more fruitful - they share the same onentution.

There is mugh potential for guality learaing in this situation, for beth -Ht:isg and Joe
roflegting on thoir own congeptinig in welation to others' tnat are didfaront. But
they cannot do it an ﬂw.'u' awn, It toguires the toachyr 1o greatd 4 suRstracstion
zono (Nowman, Griffin & Colo, 1988, p. 1831, perhops by mediating theie
ditforonges publicly, bringing te attention difforont criontations and storting points,
thair gennections and retive mathomatical strengths,  For hare, diseusson
amongst the puplis is nat about who is right or wrong - both thair approachoes
make sonse and answaor tho question - it is about how thay are simdar and
dittgront, how they are refated, und then tog, which, it eithor, 18 tho bettor
mathomatically,

The role Sup plays i those intoractions is 1o onsure that their quesnong ame
elarificd and that the twa explanations of why a triangls sannot have twa ebtase
anglos ore understood by the elass, In Joa's case, she dotieets to tuaeh labolling
und does net refoeus back onte the mathomatical substance of tho task. Sue soos
nor doflection as an opportunity for teaching m gontext.

A koy issug, howevor, and here we return ta the democragy -dovelopment tension
and its rolatod difennas, is that Sue wauld fiko them to nogatiate meanmng and
engage cach other. She wants to troat knowlodgo o problomaticc and fearing as
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and how those are inter-related. Mind-language interrelatodness is at iSsue as we
grapple with pupit-pupil intoraction difficulties.

6.2 Nagotiating meaning

Why are Joa and Rose unable to negetiate moaning offectively? Why can sho not
hear his explanation gnd he her quaestion?

Sue's insights frem her refioctions on hor pragtics are very instruetive, Pupils in -
this glass struggle  hoar and engago each othor. What she understands is bow
hard it 18 for them te step vut of their own ideas and frames to engage othors’
mathomatieal thinking. indoed, it was hard for her too, Tho quastion is: how
miight pupils have tho vantage pomt that anhe expoeets of tho teaghor - o vantage
paint from which to intorprot and engago a range of idoas different from your own.

Ag diseussed, Wertsch's eloboration of activity and Vygotsky's Zons of Proximal
Dovelopmont {ZPR! are ways of claborating and noming Sud's insights, Aetwvity
i tho ZPD involvos: situation dofinition: intersubjectivity ond semiotic modiation
(Wertaeh; 1884, 1989, It 8 whoen situation definibon bnotivation andior
orentata 1o thi taskl 15 not shared that mediation s regquirad tor intersubjoetivity
to be established.  The issue n adult-ghid and particularly  teaghor-pupy
interactions, where motvation and goals aro afton not shared, ig the ehanging ot
the child's situation defimtion ond the kind of modiaton that 15 roquired te
ostablish intersubjectivdy in relation to the task at hand, Issues of power and
conteol and owooership of knowladge enter horg, but tho mpartant ond heeg is thae
i antuation detinition 1 sbared thon intgesubjoctivity @6 0a8iof 1 ostahhsh and
medintion easior too. I situaton definition s not sharod, and it eould wall be it
change n thinking is t6 oceur, then establishing intorsubjectivity becomos o
ganiplex procaese.
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The teachars in this study roise serious questions about tho benefits of
verbalisation in thair refloctive intarviews and workshops and these congerns have
been described in Chapter 4, In particular, they wonder whather it is not, in fact,
that verbalisation benefits tho neher who can hoar and then work with pupil
thinking, rathor than the pupif ~ =40, benefitung from the verbalisation. This can
bo doseribed os a dilemma of verbolisation as a fearning rosource vs. verbalisation
as a teaching rosourge.  Pimm points out the tension 1 purpese batweosn hearing
what pupils havo done {their parspectives - knwe dledge as personal) and using this
for mare gonoral toaching (knowlodge as publ.}. HMowever, m relation to tho
saciocultural theery developed in this thesis, thore noeds to be some oxplicitness
~uof what is required in roport backs, in managing both the persenal antt the publie:,
- or, in Mereer's (1985) terms, grossing back and forth botwoon educationat and
educated discourse, |

What wo thus loearn frem Sue is that teachors gould be usetully informed about
aspoats and issues of reporting as discussed by Pimm, to begome awars that the
ghift from tulkmg withity 20 tatking about is not necessarily spontancous. Hero is
ompincgl ground fer the argument in Chapter 2 (p. 58 that Lave and Wengor's
theory of social praetice noeds olaboration if it i te include sehuol gontoxts. For
geeess 10 school mathematicol practice, and not sequestration, the boundary
betwooen talking within and talking about mathematical ifeas and thinking must bo
recognised.  Seaffolding into oducatod discourse, that 1s more oxplicit mediotion,
is required. This is not witho it tonsion a8 Chapter 8, with ity focus on oxphert
language teaching, will Hluminato, Nevertholoss, practicos that 4ssumo o seamless
waelr of activity in foarning to talk mathematios, a wishing away of the boundary,
ean rasult in some puplls being deniod aceess to edugatod discourse. Thoy are
thus unlikely 19 become full participants in the pragtice.

Roparting skills arg impactant, vut ot the kay issuo bera, A doaper question is
whotker tho undorlying problem for Joo is a gommunigative or an ppistomie one
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to labolling, which, as she hersolf commaented recently, has a real purpose. Suo's
labelling thus focuses, to some extont, on this issue ag she highlights to Joe and
uthers, how you need to labe! offectively if othors are to understand you. Being
explicit about what is required is nocessary, But this requires language teoching
und Sua doos not know what to do’. Moreover, Pimm (1892, 1994} raisos the
pedagegical tension {which relates in part 16 both the knowwdge is porsonal vs.
knawledge is public dilemma, and the learning is social ve. learning is individual
dilemma} taat arises as teachers attend to being more oxplicit dbout what is
roquired in reperting.  Thoe more expheit, the more pupils will tuke form for
substance. The lass explicit, the less pupils ore likely ta natice what is going on,
what is intented.

Wa ieam further from Sue and hor astute gwaronpss, that publie or Jtion of
mathematicn! thinking is not equally pleasurable or honefigial for all learners, and
that_ hor own aationy ot times favour seme Students through an madvortent
unegual distubution of learning resources,

Pimm asks us to consider ‘whe bonefits’ from roporting buck, and in what ways.
Those reporting have an oppoertunity for sorious, formal eanscious refloction.
Other studants bonofit by hearing @ rango of idoas and erigntotions. and difforent
porgpectives can be validatod and volued. Teachers can hear wiiat thoir pupils
think and attend to pupiis who are presonting. They can mediate thtouglh Some
‘gontoxtanily-based mota romarks'. But these bengfits Aeed to bo consciousty
attended to if thay are te be achieved. For Pimm, speaking mathemateally assists
1 acquiting the ecompotence of writing mathematicolly and it 1S writton
mathematies that is highly votued.

It 15 not elaar to what axtent Joo or Rase benefited from their raportihg. Pupils
hoard two af the four kinds of responses 1o the question. And Sue nses the
oppartunity to o seme teaching in eantoxt, Whothor Jog and Suo, or any of the
othors, will rgport any morg effoctively next time is debatable,
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loose selection of angles is confusing. Rose has less sense of audience in that she
does not convoy the process of hor thinking.

Ts some oxtent, Sue is aware of tho issues of selogtion and sudience. In her
refloctive interviow she deseribed a situation where pupils in anothor glass had
warked on an investigativa task far a fow days, whero aexaiting mathomaties had
been gvident.

S You so¢ what happened in another losson: 1 gave them an
investigation 19 do - and it was a two R three losson
investigation: given a fixed porimeter which shapoe has the
greatost area? And they all did wonderful things and in
differont ways, and after throe lessons the timea was to prosent
i and they presented appallingly - ne-ane could understand
what the other group had done on the boerd, | knew dnd was
able to draw it aut but they just weren't able to present and
partly ‘cause I hove nuver told tham hiow to prosent, never told
them you can use diagrams amd struetura it in this way. And
also 1 have nover structunn? explaining te them.

And

they den't know what it is athers noed te know gboat then
thinking ...
ivig, 947-963)

We alse sce hera, thit talking within and talking about mathematies within tho
classroam and its mathematical practicos, while deoply rolated, do nat placo the
samg eammunicative demands on tho spogker. Lave and Wenger's seamiess wob
of bacaming o full participsnt through Warming i a community of pracuce 18
problomatic. In this scommunity of practico, Sus's mathematics classrogm, the
mevo botwenn tatking within and about is not spontangous ar taeitly tearat, it
roquires semo madiation.

Sug knows that thoro is problem, that thivo nocds bo some instruction in rolation
to reporting.  But we Isarn again from Sup that knowing that docs nat mean
knowing Aew ta act. Wo can seo Sue’s tacit knowledge through her "dofloetion'
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competence vs. nagotiating and developing meaning, and to the knowledge is
personal vs. knowledgo is social dilemma, the dilemma of validating pupils
perspoctivas vs, developing scientific congopts? What can wo learn and what do
we loarn from Suc, from both har tacit and articulated knowledge? What Is she
nat aware of and why?

How does tha democracy-development tension wend its way through both the
issues and Sue's knowlodge of them? What are the mediation dilemmag at play
and how doos Sue undorstand and oxplain hor management of them and the trade-
offs she might make?

6.7 From talking within to talking about mathamatical practics

Jouo has difficuity articulating his thinking in hig roport back to the gluss, Mis

language is littored with 'ums’, ropetitive phrases and hesitancies. An obvious

oxplanation is that Joe, and athers who display similar behaviour, are not mother
tengue English-spoakers. Thoir task is thus one of doublp attontion - to ther now
mathematical idoas and to a longuage thay are still Isarning. Suo is aware of thig
but 'doosn't know how 9 meve him on = to develop the language',

Howaover, Pimm's {1992, 1994} work suggests that this issug is not simply about
proficiongy in or accoss to English. Reporting mathematical thinking, oven for
mether-tangue English-speakers, Is nat a simplo process because of the hnguistie
and communicative demands ontailed, ‘Skills of refleetion ang selestion’ and a
'sense of audignco' are important to sucaessful roport back, This could expliin
why Joo could convoy his moeaning to the teaeher and his partner but struggles
with his roport; and why Rose does not mount the approprinte sequoncing of hor
idons. interacting individually with Sue and his parther, Joe is oble to paint to his
work in his hoek and thus does not have to golect in tho same way as when ho
warks on the beord in front of tho whale ¢lass.  While ho displays a sense of
audionce by tiving to rocount the process of his thinking, his loase solection of
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differant purpose in teaching and gives risc to tensions and
contradictions in different ways, Listening, chairing discussion, and
nogotiating meaning sorve to maintain pupils’ activity and interest,
and generato many ideas, not all of which can boe tuken up or oven
heard. On the other hand, lecturing and cliciting serve to make
available the knowledge of the curriculum. A form hardly used, but
one which | think desorves moro oxploration is answoring pupils
questions. (Brodie, 1985, p. 246)

6 DISCUSSION

In tho eomplexity of teaching mathematics in Sue's muitingual classroom her
participatory-inquiry  approach makes particulor  demands  an  [earnors’
communicative competoncoe. And while Sue has dovelapad a culture of meaningful
mathematical inquiry in her glass, wo sce thot:

1. Pupils sometimes struggle to exlain their mathematical thinking, They have
gifticulty with formal public expression or mathiomatical communigition,
with raoving from tolking within (0 tatking about mathematics.

2, Pupils semotimes have difficulty understanding each other.  Pupil-pupil
intaraction (vorba! vommunigation) is thus not a taken-for-grantod given.
Ofton, thoy are unable to comMunicate aad negotiato mathematical meaning
offactively with cach other, and their questions appoear restrictod to points
ot clarification,

3.  Those communicative difficuitios with public articulation and nogotiation of
meaning shapo Suo's actions and intoract with what ho makoes explicit and
whiat she Jeaves waaplicit, and, in turn, with the mathomatical knowlodge
hedde avaitable to pupils,

Roturning to the objoct of study: what is Sue's knowledge of these difficultios?
How do thoy relate to the dilemn of doveloping mathematigal communicative
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is it a praginatic and appropriate way of mediating in diversity, and of creating a
culture where personal and diverse knowlgdges are valued and ancouraged?

6.2.4 Sometimas, 'telling is mora honest

While not directly ralated to the incidant, it is intcresting to note that Sue's interest
int her videos is captured in hor whola class intaraction= - buth ¢lagses in relation
to Q4, and whother a triangle can have a reflex angle. n ench class, a response
from some pupils is that it can, but the angle is outside tho triangle. In the first
¢lass, this publicly presented response is challangod by other pupils and quickly
rosolved by oll agroeing that the angles must be inside. In the second class,
howevar, wholc class discussion ocgurs not about ingide and outside angles but
rather whother there ars one or threo sueh reflox angles. This discussion goes on
foer somo time and Sus; seflacts with the research group on whather and how it
was baneficial and her role in it. She obsarves that while sho daes not talk a lot
in the lesson, when she doas sho is very powaerful in shifting tho dicection of tng
discussion. Also, when quostions aro put to her, she often onswers them rather
than responding with a quastion for the learnet to think about. She suggests to
the group that whilo this might Do read as teacher talling, at times it is not only
appropriate, but more honest (W3, 1500-1506).

In hor action research she garcfully analyses mediation throughout the lesson and
ngtices that she interacts with pupils in a numbetr of differont ways, 8he argues
that:

o it gANNOT e aur gim a8 teachors to remove ourselves and our
power from our puplls' attompts to construct  (mathematical)
knowlodge. Rathar, wo néed to attompt to relato thoir devoloping
ideas to broader social and cuttural knowledgo. In attempting to do
50, wo will always work with tensions and contradictions,

Thare is no best method of teaching, rathor, a number af differeni

strategios that we can uso. | have idontified some of thoso that | use
in the analysis of a singlo lesson, Each kind of intaraction sorves a
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It is not only Joo and Rase who have difficulty understanding each other, in this
rescarch there are three layers of interaction and communication, each with
ditficuitios, about Joe's 'stratching'. There is Joe and Rose {tweg pupils), Joue and
Sue {pupil and teacher), and Sua and myself {teacher and rescarcher}. While Sug
pl 'nly soes the difficulties betwean Joe and Rosag, it is only in disgussion with me
that'her diffarences with Joe become apparent to har, And, not surprisingly, it is
only in disgussion with a golleague on this text, that | cen acknowledge my
differonces with Suo 0s to what is and i& not a general or good explanation arnd
justification of the task"

5.2.3 Deflection ar teaching in vontaxt

In the roflective interviow, we did not specifically discuss Sua's 'deflestion’ to
labelling angles. This came up recently, however, whon | sought both
confirmation for daseriptivn and interpratation of the data in thig paper as well as
agrooment (from on ethical . 'i*- + of view) to talk about her work, Bearing in mind
the time-lag, she said that she had been thinking about 'deflection’ and noticed
morg and morg that she used it froquently te *teach in context'. This wos
pspeciaily the caso now as @ materigis-writer. She often 'deflectod' to 1oach in
context, '

The issuc thon is ona of refosusing - gotting back ta the task, or what we could
call a difermma of defigetion. In Joe's 'stratehing' the bell rings. Sue gots bock to
tha task tho next day, and Jog's partnor exXpresses his idea clearly. Hongo the
'mathematical proportios of a trianglo' are oxplicitly dealt with, But the
rolationship botween Joo and Rosoe's responses, and the mathematical limitations
of Joe's response from Sue's perspective, ara not publicly explorad. Sua's notlon
of what would qualify as a more generalised, and thereforo a better, axplanation
remaing implicit and at tho levol of individuad madiation. 1t dooes not enter public
discussion - whole class modiation - in report back time. Does this matter and to
wham? Is this a case of unintentionally enabling only some {(Joe and Rose}? Or
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Sue certainly doos have a notion of a good explanation - one that i general. We
can fhus read two intentlons for her in this task: the developmant of the
mathematical properties of a triangle - that it cannot be made of two obtuse
angles; and the develapment of the scientific congept of generalisation through
justifications that are general, The interesting observation hero is that the first of
her intantions is clearly evident In the construction of the task and the instructions
pupils arg given. 1 ¢ second intention is, however, more implicit and observabie

_ only through hor separate interactions with Joa and Rose,

a question | would have asked. So it Is bringing up what
I think is mathematical thinking and 1hat is my own
view, so it definitely does. And often you don't hear
whnat a child is saying because it doesn't match ]
V16, 1215-1225)

§.2.2 Communication difflculties

We then got to Joa and Rose's interastion and she says:

L

S:

He doesn't understand her - his argument is totally different so
he doesn't understand where she is coming from, She is
seying you have to fiave two or three acute and he is saying
why acute - why are you doing that? he doesn't understand
where she io goming from, ‘cause she is not doing what he
was doing ...

Then vou are saying that they find it quite hard to lst go of
their own understanding ...

to get into somebody efse's understanding. ... I mean his own
Is sa tenuous that 1fj} [1 because they ore not sure of their
own ideas they lose track in their arguments. One kid starts
talking about one thing and the other points to something else
and then they lose thelr argument.  THis happens in ¢lass o lot
i

{VI6, 869-884)
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Helon, Sara and Clive's classes ae, to a greater or losser oxtant, intoractive.
Interaction in Clive's class romains at the lovel of whols ¢lass toachor pupil
interaction whera concepts arg introduced throuagh teacher questioningg, examplox
ate demongtrated on the board inviting pupil participation, pupils work individually
on oxorcises and those arp thon discussed agoin in whole ¢lass teacherled
interactions. Sara shifts between paired pupil astivity on tasks where she interacts
with and questions individual pupils, chaeking their understanding through ther
axpression - of their mathomatical thinking, and then whole class, and typically
I-R-F, teacher-pupil interactions as she works to consolidate the mathomaties in-
~the task. Helen's classes include organised grouj; activity.  Hore thero is

_cﬁnsiderable pupil-pupil intaraction (talking within), followed hy whole class
teacher-pupil interactions around the reporting ond roformulating of tasks
campleted {talking about}. Of tho throe classus, Helen's approach is st tosk. -
based qnd provides moest opportunity for talking within and about mathematics,
for language as a social mode of thinking. in atl three glasses time is given ta
whole class teagher-pupit interaction,

The valuing of explicit language teaghing thus arisos mau? prominently in
mudtiracial and honce evidently multilingual clagsrooms but agross a eontinuum of
maro or less intaractive teaching and loarning upproaches.

Nevorthetess, in Chapters 6 and 7 wo see othor teachors, cithor tacitly or
deliberately, incorpuorate "teachars telling learnors about mathematies’ (Suo}, wnd
teachers madeiling mathematical language’ (Thandi}, As mentioned in Chapter 7
{p. 2401, through her own rogearch, Sue ¢omes to sea this as sometinos a 'guod
thing’, approprigte and important in the teaching-lcarning rolationslup,  Helon's
views thus resonate with Suo and Thandi's axporionces that ‘teachor tolling’ is
somatimes appropriate and important in mathematics teaghing and learning.

Difficulties with expligit language teaching are also bart of othor classroom
gontoxts. Wa have seon that, in preetice, pupils’ exprossion of their mathematical
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Now liston to hew cloorly Rosie verbalises thar ... and she is a
suecossiul studeat.  There must be g relotionship,
Vi1, B23.826)

Melon appears te share Lavo and Wangoer's notion that becoming knowledgeabie
means learning (o talk, loaraing mathematical diseourse.  As was arguod in
Chaptor 2, from 0 sogiogultural porspestive, foarning éo tatk in school mathematice
is deaply intertwined with learning from talk, with the intorpersonal activity - the
educationai discourse - in 2 glassroom. Melen also providos ﬂ;‘:pnrtuzii‘tv ity her
glasses for pupil pupil interaction and group wark mediated by the teachier. Thus,
Helen's view of learning mathematics has eolements that resonate with both
gogioculturgl and social practice theory.

Helen rogards pumis’ vorbalisation in the mathematies classroont 38 a rogsource -
a eultural tool”. Encouraging pupil verbalisation of matheuatical ideus I8 using
laguage as & regourco tor thinking and foaming. Pupil vorbalisation for Hoelen 18
also a display of knowledgoability. This acknawlodgoes the fact that ali o toaghor
fas access to is forms of language (Rimm, 1986). Explicit language toaching and
varbalisation by the teaeher furthor enables aceess to te praaties by makngy
oxpligit what memborship aid mastery antaiis,  Howovor, cuing longwige as
rosource tur bath displaying knowlodge and as o tool for thinking ereates tonsions
in the praetige of teaching.

2.2 Llaking Halan to tha antire data corps.

i Biis rofiaetive intorviow, Glive joins Sara and Hoten in valding oxplicit funguiage
toaching. This issue amorgos again and again in these thres teachors' reflegtive
intorviows. Clive was toaghing in o privato sghool wherd the magority of pupils
wirg not Engiish-spoaking.  His provious toaching expenence, heverthaless,
included a rogently doracighsed private sshool. Haelen, Sara and Glive thus suaro
the experionge of working in sghools whore there was a rapid ghoago in the racial
gomposition of the class,
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practivos in multiinguat classrooms - an element quits apparent in newly
deracialised schools. Bowever, the importange ot tho solected opisudes must he
ostablished, both in relation to Melen horself, and in relation to the other teachors
in the study. |

2.1 Halan

Tho description of tho werkshops in Chapter 4 roflocts the teachers® intoractions
with Hoten as sho strugglos over whother or not xplicit ianguaga teaching hlps,
over whother and how working on pupils' moathematical talk - their ability ‘to’ talk
mathematies - is a good thing. How doees one manage language, in particularly
talk {fand verbalisation) by both teaghor and fearnors, as { transparent rosoures for
explaring and displaying mathomatiaal knowledga?

Tha dilemma of transparency is particularly strang for Helon and not surprising
'constdering her view of mathomatics as lenguage, and of lanyuage as 3 cruciat
resource in the proctices in hor classroom. In hor nitial interview, Helen
articulated a view of ‘mathomaties as language' {see Chaptars 4 and § and
Appendix Ch. This ontails the understanding that thero ig a strong relationship
hotwoen what hor pupils can say and what they undorstand.  In her indial
nterviow sho said that hor greatest theill {her rewards) is when pupils g oxpress
thomselves, their thinking, i mathematicat kinguago., She repeats this view i ber
retlestive interviow:

e GOUSE I they Stit to doscribe somuething 0 me in aceurato
mathemarieal kinguagre it does seem to reffeet some kind of mostery

(Wi, 604 607;

This i§ reinfarcod latar in the interviovw:
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both what Helen says and what she does about Bnguugo s & rosgurce in her
classroom and thus answers the rescarch question spocitied above,  Furthunnore,
this focus enables the olaboration of a languagoe-relatod dilormima,

t will graue that Lave snd Wenger's concept of transparency, while not usuatly
applied to language as o rosouree, 18 usotul and illuminating hero. In elsborating
the dilemmag of transparaney, 1 will arque that explicit [anguoge teaching, wharg
teaghers attend to pupil 1NJUAHe exprossion as a public ree-wue for Glass
teaching, offors possibilities for enhancing 0ccoss to mathomatics, espegially o
mutilingual classrooms. Howover, such proctices pasily slip into possibditios tor
alisnation through a shift of atrontion off tho mathematical prabiem and onto
language per se. Teaehers® docision making ot entical moments, while always &
roflestian af both (heir personal dentily and their toaching contoxt, requires the
abhility 10 shift fécus oft and thon baek onto tho mathematieal problam,  The
challenge, ol cowrse, i when and how such shifts aro besi for whom and tor
whai. Thus, 08 with codo-switching and inguiry oarning, explitit nguago
teaching ereates dilemmas for toachers that at times will entail trade-ots, and ot
times will be managed.  Whethee and how the management of explicit language
teaching can bo transformatory remaing speculative, and beyond the $6opo of the
data in tha study.

This chaptar procoeds with turthar discussion on gxpheit languago teachmg. it
then comextuslisos Holen's toaching in the study and in gdugation n genoral.
Tugothor those enpble the reader 19 logate the episodes and roflegtions that tollow
which farm tho kornel of this ehaptor.

2 LOCATING MELEN'S FOCUS ON EXPLICIT LANGUAGE TEACHING

As in the previous twe chaptors, the opisodes from Helen's classroom selocted
he.-© aro noither typical nor rare (Bricksan, 1886). Rather thoy are instanées that
iustrate and ihaninate an Mmoortant ademont ot teaehors' knowledge of thar
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Ecr Heivn, a5 will be shovn fator, suceesshul mathomaties lodarnitg is relatod 1o
pupis saving what thoy think congisoly ond pregiscly in matheratical 1mgnge.
She has tried to develop language teaching as part of her mathematics classroons.
As she rollects an hor teuclng she beging to question what this means in prucneo
and whisther and haw explicit unguage teaching helps. And we are aierted to a
dilenima: There is always the problem in oxphicit Jonguage teashing of ‘going on
100 long', of fosusing too much on whiat is gaid and how it is sind. Yot explicit
mithemates aguago teaching appaars to bo a primary condition for ageess to
mstheatabics, partscularly for those pupils whose mam language 15 not Enghsh or
for those pupils less famikar with eduvated discourso.

#Y 0N wiordy, how 15 speech used by toachers and by pupids? How doos one iy

{tantish to approphdte ways of spoakng nathematieally without conflating
ncthum afd mesege?  For o this ogeurs, attontion 18 plaged on the form of
speveh, and the moth ematesal masting and concept at play ¢on bt lost. T can
produce sequestration from, rothor than aecoss to, the prastice of school
nwathersaties, And how docs one work with pupils’ mathematical language,
aoivifolding odugatnd disceurse, without wadvertently producmg o pupds
abbreviated or ompty concogs, and i Sue’s terms, vathout dovaluing und
blocking their thinking, and what thoy are trying to communicote? How de- s eng
work an gducated dis. wurse without dirsimishing oppuortunitios for using lnnuago
i the elassroom as a secil modo of thinking, for pupids' exploration af knes dedigi
through cducationil discourso.

Thaso dilemmas full under the surncuium dilemni of knowledge as persanal ve,
knawledgo as public. But the genarality of this dilemma eannat gapturs ite spoesie
languoage dimensions,

Thig chapter focuses on epwodes in Holen's Swd 9 (Grade 11} triganomotry class
ard hor contributions to the workshops where wao nave her roflections on her
video and her own follow-up research, In athier words, the ¢hapter fogses on

258



As Holen questions whaether pupils actually benofit from talk in the clagsreom, the
workshop diseussion articulates a fourtts element in explicit language teaching:

{dY  Pupil verbalisation as a tool for teaching. |f pupils cxpress what thoy arg
thinking, this assists tho teacher to know and raspond appropriately to whot
learnsrs aro construing. '

Thus, while the proctice of explicit language teaching entals being exph. « about
both mathematical and classroom discourse, it is bound up with a strong
-rﬁlatinnship hetwoen language and learning, oncempassing a myriad of
interweaving but anslytically distingt foatures of talk and learning. In (b and ()
wo 8eg¢ talk @8 important for exploring and displaying mathomatical knowlodge
{Barnes, 1878) and, whilo not dirsctly linkod, a valuing of tatking within and about
mathematics in sehao! {Lave and Wehger. 1897). Wae have language funationing
ds psysholegical tool m (b} and a8 o cultural toal for tho sharing and joint
construction of knowledge in {d) {Vygotsky, 1979; Mercer, 1885). The
coinpioxities of managing these analytigally distinet, but pragtisally interwoven,
features of classroom talk are highlighted in this ¢hapter, und eaptured in dilemma
language as tho dilernma of transgarency.

In Lovo and Wengor's torms, participation and accoss to full participation in a
comnmunity of practise are bound up with 86Gess to resources. Holen rogartd:
languego, particularty voerbalisation, as o raseuree for learning in hor ¢lassroom,
Live and Wenger olaborate 86coss to resaureos - cultural toolg and artitosts - in
a practico thraugh the concopt of transparency.  As diseussod m Chapter 2,
transparensy {liko g window) intvolvos beth visibility nnd invigibility, A rosourge
must be vikible it it is to bo usod. We must be awarp of it. But, in use, the
resouree must enable smeoth ontry or aceess into the proctice thoro schoal
mathematics} and so itself bagomae invisible. It gannot genstantly be the tocus of
gur attention, It must bo transparent. What doos this mean in Helen's glassraom
wliore ralk is G resource, and explicit mithematies language teaching a teature?
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ar a problem and should be transparent, ngeding to be both invisible (the mpans
to mathematies) and visible (fonguage itself is the object of attontion)? (Chapter
3, p. 82}

From tho discussion in Chapter 7, explicit language teachitg might bo part of the
scoffolding process argued as nocossary for Jearners shifting back and forth
betweoen talking within and about mathematics in the classroom. In the first two
- workshops it is Holon who snecificaily takes up and problomatises tho issuo of
oxplicit language teaching., As described in Chapter 4, in the workshops and
refluctive intorviows, explicit mathematics language teaching comes to mean mare
than the teacher making mathematical and classroom discourse oxplicit. 1t
includes teachers oncouraging and working on pupils' verbalisations in the
mathematies elassraom, For Helen in partieular, explicit anguage toaching in hot
mathematics elassroom includos:

8y Aftention to pronunciation and clarity af instructions. The pronunciation of
particular words by either ar bath pupils and teachar ¢an bo a problom in a
multilngual  mathematies  glassroom.  Toachors' instructions gan he
misunderstood, Thus clear speech and elear instructions arg important and
improve clarity for ail pupils, not just loarners whose main lapguoge is not
English,

() Pupil verbalisation fputting things into words) as a tool for thinking'. |f
rupils say what they aro thinking, this will bolp them kaow the niathematics
they are working vath,

tcy  Verbalisation of mathematical thinking as a displyy of mathematical

knowledge. 1F pupils can ¢learly say what they aro thinking, then thoy know
tho mathomaties thoy arg working with,
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CHAPTER 8

THE DILEMMA OF TRANSPARENCY: :
LANGUAGE VISIBILITY IN THE MATHEMATICS CLASSROOM

1 INTRODUCTION

This chopter oxplores the benefits and constraints of explicit mathematics
language teaching, or whaot can be described as a dilemma ot transparongy for
toachers in multilingual secondary mathematics classrooms.

Chaptors 6 and 7 explored and claborated the dilemmas of cadaasw;tching und
madiation. Those emerged in the particular contexts of ex-DET schools and of
chonging pedagogy rospoctively. In Chapter 8, an additional aroa of knewledge
about teaching mathematics in multiingual classrooms omerged from contexts of
changing pupil-bodies, In thair initial interviews Helen {T1) and Sora (T2}, English:
speaking teashers in meontly detagialisod Model C sehools, both tatked about the
value ond benefit to all loarners of what 1 eallod oxplicit mathematics languige
teaching. Now that their elagses inctudaed pupils whose main lunguage was not
English, it begame abvious te Holen 9« < Sora that thoy noedod to be oxplicrt about
mstruetions for tasks, as well as mathematical terms ond idoas, This can bo
understood as tha nead 1o be oxplicit about aspocts of both educationat discourse
{the discourso of toaghing and leaming) and edugated discourse (how ways of
using language) {Mercer, 1998}, Sara and Holon found, to their surprise, that
explicit mathematies anguage toaching benefited all pupils in their mathematics
| clasaes. irraspestive of thoir language background.

Explicit Ianguage toaghing implics that language isolf bogamns the objegt of
attontion in the mathematios class and a resoWes in the teaching-1oarhing procoss.
Thig, in pary, answaors the rescareh quostion: what do teaghors say and de in
relation 1o whether, when and how fanguage usod in thoir ¢las&rooms is a resouren
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.
8.

Soe Love and Masor: (1952} for a good discuasion an questioning in the mathematics class,

I am gratoful to Lyn Slonimgky for shatpening my awarpress hare.  Moreovet, in a rocont
inforraal diseussion with Sue on this popor, she 507d that she ig still not convinead that Joo's
answer ig in fact a good gna.

Itis important to remembor that this argument has emorged long aftor the reflostive interviow
with Sun, and that her views and interprotations in rolation to this padicular clain word thus
nat sought.
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sommunication a. wut mathematics, That is, both are requirad, and managing the
tension is the chailengel

In the description and discussion of Sua's lesson and her knowladge of her
practice, | have identified and then tried to explain issues related to communicative
competence and the development of mathematical knowladpe. | have illuminated
what Sue knows and what we learn from her, and particularly areas where she
knows what the prablem is, but not how to deal with it. There are also araas in
the logic of practica that remain obscurc to Sue. In all theso lie significant
ghallenges for mathematics teacher education which ciearly neeus to include
opportunities for teacheors to ongage axplicitly with classreom communicatian and
language dovelopment in the mathematics class.

NOTES

1. Thera ars many labals for moto open ¢lassrooms. "GConstructivist®, ‘investigative’ ard two thax
have currant sucronicy in mathematics aducation. | am mora gongernod horo with acourats
dascription of thig clossroom and hones have spesificatly aveidet any label that might attach
other moanings.

2, At o micro Tovel, demoeracy implies participation and is linked to cguity and rodress;
development implies growth and improvement. Leent and individul patticipation within civil
sauinty and notional esonemic and social dovalopment ore bath nocoessary in Building a thriving
damocratic socaty, Howovet, in pragticdl activity, thest ¢aa pull it opposite diractions.

3.  Of course, there is a prior dobote hore on the functien of schooling s an ingtitution. As |
diseussed in Chaptor 2, while sehooling doos hiavo o developmenta! funetion, it bas fulfiliod this
function in socially distributed ways. This is tho developmont-damocracy tangion in 5chooaling
por 5¢. My Tosug in this chapter ig on tho dovelopment-domogracy tansion ag it it manifest in
mitheniatics ¢lassreom processes.

% Somoe time after closaly obsorving the video and the rofloctive intorview with tho toacher, |
foarnt in discussion with ¢ mathomaties colfeaguo that Joo's answer clasely rasembles an
attempt 1o prove tho sum of the angles of a triangle it the oarly part of thig eeatury. (See
Bates et al, 1993}

5. Sue's teaching context is vory differont from the over-crowded, underrasourced reality of
many South African schools.  That she worka in optimum conditions is why hor expatidnge and
sriagglon siea portinent ond illumindting.

G I am drawing hare on Loantiov's alaboration of the congopt of actvity ag inchuding activity

earrospondont to a motive, action correspondont 1o A goal, and eperatian depondent on
ganditone (Kozulin, 19861,
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Furthermore, this vignette has illustrated that it is pracigely whean perspectives arg
not sharad {and this will oceur in any classroom, not anly muitilingual clagsrooms)
that "tatking about' mathematics in public or whole-glass pupil-pupil communication
is problamatic {quastions are restrictive and confusingl. An ffactivt—a construction
zone is not spontaneously and necossarily present. The effect it has on Sue's
actions is to deflect her from the substance of tho task to dealing with confusions.
Rafocusing is constrained by a numbar of factors, includlng har participatory-
incuiry apprdach. The unintendad consequence of this is to canstrain possibilities
for deaponing engagemént with the mathematical task at hand and L wnige the
developmoent of mathomatical knowladgs,

The dilemma of validating pupil meanings vs. develeping mathematical
communicative competance is g profound one for Sue who has worked hard to
devolop a classroom culture that values and supports personal maanings and
knowledge in mathematics as prablematic. The dilomma entails recogr.sing and
waorking with the boundary betwoen taiking within and about mathematics, as well
as working with the dilomma of verballsation as a teaching resource vs.
verbalisation as a learning resource. It also entalls recognising teaching intentions
in relation to the developmont of sciantific congepts and the instructional rolo this
implies. An Instructionat or scaffolding role tfacilitating the creation of appropriate
ZPDs) is also entailed whon thers is ne zona for affective pupil-pupil interaction.
Instructional roles are in tengion with & desgire to elicit, encourage and validate
puplls' congeptions. Sug's irade-off {deflocting to teach in contoxt) is as much a
function of her parsonal identity as mathematics teacher, as it is of the centoxtual
ang knowledgoespolitics forcas at play.

Mere, at tho level of the ¢lassroom, 18 the democracy-tdeveolopment teasion. Thoe
implications for teaching are not new: while the withdrawal of the toacher as
continual intermediary and reforonce point for pupils anables Bua's participatory
classroom cultuie, hor mediation is essontial to improving the substonce of
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askod. Perhaps it is sufficient simply tor the difforent answers (v the task t be
shared, To what oxtont could and shouid Sue have pushed mathematicai
meanings further through this task with the whole class?

However, without some sharing and contrasting of ideas and looking at how thay
are similar and different, Sue's desire for pupils to engage the substance of thoir
classmates' contributions might well continue to be thwarted. Her pupils’ publie
intoractions on the task do not include moving across differont views and judgir
them. Such judgement needs 10 bo gauged from the emphases Sue implicitly gives
in her interactions with the clase. In this set of interactions Sue's implicit
preforence is for Rose's axplanation.

7 CONCLUSION

A culture of meaningful inguiry, pupil-pupil interaction and muitiple per-pectives
on mathematics is encouraged and achioved in this class both whilo they arg
working on a mathematical task and when thoy publicly roport on their work, Ths
is no mean accomplishmant in school mathernatics. The practice includes talking
within and about mathematics. But tutking about mathematics is hard, and
particularly so in & multilingual classroom whare many pupils are fcarning in a
language that is not ther gpoken language. What we fcarn from Sue, from what
sho says and doos, is that sho knows this is o prabiom but sho does not know
what ta do about it. From my sogiocultural poarspactive on teaching end learning,
and on tho basis of the empirical ovidence in Suc's classroom, | have argued thot
the shift from talking within to talking about mathematics roquires explicit
mediation. While there are tonsions in managing this, teachors would be botter
placed ir their decision-making was informed by an understanding of the boundary
betwoon such practicos and of their rolo in assisting learners to move back and
forth across it.
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ratios between their vidos, as will twa different right-angled triangles each with 20
degpree angles. But the two sets of ratios will be different presisely because tho
angles across the trangic pairs aro differont. And thon sho asizs she pupil who first
articulated the sentence to tell har what she undergtands .. e own words.}

& MY OBSERVATIONS?

My obsorvational notes taken during this lesson rofleat my strang sense that
despite problematic verbalisation by some pupils, there was a sonse of shared
meaning that ratios were constant in similar right-angled triangles.  The
diagrams of throe groups roflectod this clearly, 1 was interosted that this was
the dominant trigonometric mossage for tho pupils, bug that somoe oxtendod
thir notion of trigonormatry boyand moasuring and finding sides ang angles of
right-angled triangles to inglude its opplication to heights and distances
prablems.

1 was aise confronted, for the firgt timg, with tho issue of prenunciation. | was
struck by Hoien's insight intoe possible confusion botwoen ‘size' and 'side' in
Episeda 2. In the litoraturs on language and mathematics there {s little focus on
difficultios that might arise through difforont pronungiations. | suppose this
roflocts the agsumption that pronungciption is attended to and further, that in
usy, sensn w made of differmy pronunciations and honge that it is not in and ot
itself a pooblem. Helon's practice ehallonged my taken for-granted assumptions.
I became awara that differont mathematical torms or differont words used in
mathormatical diseourse that novettheloss sound simitor gould couse confusion
particularly in a clossreom whore pupi! talk vwas eneouraged. Moreover, the
particular pronunciotion of somo English waords by pupils whose maih languags
is @ vornocutar one could vawso sonfusion. For oxample, obsorving o student
toacher a fow months later, 1 noticed somao pupils had wntten "the sights of the
triangle’.  Thig is porhaps an offoet of tho stross in somo Afrigan languages
heing on the firat or middio svilable of o word, and o dropping of emphasis ot
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€ of the angles is equal, then the ratio of the, of the sides won't
1 change.
62 H:  Now liston to what you 're saying. You're saying vou've got {J,
63 you said to me land H links the bold words below 1o rekited
64 words on the board as she speaks) vou've got tho size of two
65 trianglag and then you said that the angle insitde them is the
66 same, OK. So if we want to, is what she said different to what
87 is on the boxd at the moment.
68 S's:  No:yos {)
69 H:  shoe said 0 me the ratio of the two sides is independent vf the
70 SIZE of the triangle, WHEN you've got the same angle in ali
71 of them, So s NOT true to say that the 1atios are independent
72 of the size of the ANGLE. Tho size of tho angle is EXACTLY
73 what makes the FUNDAMENTAL DIFFERENCE. Because if I've
74 got two triangles, these two heauatiful triangles over here, 40,
75 40 fana she Tills in 40 degreos inte two similar riangles on the
76 board),
N D
76 and these two over here, 20, 20 fand agoin fills in these angle
17 sizes omo another set of similar triangles on the board).  §
78 Would 1 got if | say spoke about {) sin here and sin here? OK?
79 Will | got the samo answer?
80 8's: No
81 H:  No!l'll got twa difierent answors. Sa it is nat true to say to me
82 it is indepent  nt of the size of the angle - becausy the angle
83 if it is 40, nakes the difference to 20, rigit, 1t's the sice of the
84 TRIANGLE that niakes the differenee. 1} Does that make sense
a8 ta you?
88 S's: No
87 H:  What doesn’t make sense?
8§ 82 Mam?
89 H: Ja
80 Sa: It makes a difference to what?
91 Hy It makes a dilference .19 ..
892 S's: flaughi
H:  Where was 1 stinting off? ... am, ot e start again...

(Vi€

(Hulen then regaps by dewing attentiom to daagrams on the board, to how two
ditterent aght angled tangpies each with 40 doegroe angles wll have the samg
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22 H: Triangle is a shape.
23 S's:  [Mumblings] The iength of the sides.
24 H:  The length of the sides of the triangle. OK. You know. Let's

28 just look at this word independent”. OK. Now I know whon
26 { teach this, I use the word independent and then you think,
27 well that's a nice fancy word to use. If 1 just repeat it gicely in
28 the right sentence then she'll bo very improssed, But, when
28 vou use the word independent you've got ta knew what it
30 meang, What does it mean? Fhintiwe? _

31 Phin: tsame mumbling) It stonds on its own.

Aftor distinguishitg ‘longth of sides' fram 'sides of trigngie’ Helen pulls the word
independont out on its own, and attends 1o its moaning. She then roturns to toeus
on tho sentence in which it is placed. '

32 - H: QK Allrght. Is that statement ltue?

33 S's: NesYes. () .

34 H:  Must{ put a trye o a faise at the end of it?

35 88 Tuefolse

36 H: QK. Who says it's trup?

37 S&:  (Puts her hand up)

38 H: 88 says its trup ‘cause she soid it.

39 8's:  tlaughl

40 H:  OK, wht says its false?

41 8's:  flavgh)

a2 H: What do you think?

43 Phin: 1 den't know, { don't understand the sentence.

44 H QK let's try and sort out the sentonee. The ratios of two
45 sides, that's a true part of the ling, uh, of the sentence . Does
44 that moko sense?

47 S's: Yos

48 H: QK. Raties of two sides, wo know we glways talk about

49 0ppesite to iypotenuse, or aafacont to opposite or something
50 1 we are talking about o ratie and we e talking about twa
L] sides. {1 Is indegendont, OK. Wait. The most impartant werd
52 in the sentence s indeopendent? Right. So one thing is
53 independent of gnother. So mayho if 1 just change this ‘o gf (i
B4 we ¢an start.

45 So the ratie is independent from what? Sice of the angle in the
56 twa triangles? f] It's true, who says it's true? Why?

57 87:  Becauso, mom, wn, { think it means that, no, uh, if it you, it
48 you have, ul, one big trigngle and yau have one small triangle
L3 and you have the same angle in botf of them, uly, the the si2¢

a2



26 H: Have | made my point? OK, when | say this {points o
27 side) o you, same of you hear it 48 (eircles sice)
28 S'se Size.
(VT1C}
Helen then repoats tho importunce of being clear in whiat is being said and reterred
to, and towards the ond of the lesson agtually assists here by suggesting to pupils
that it is mot2 ac~ rate to refor to the 'lengthy of sides, rather than the 'size' of

sides, as sides gouid havo thicknoess.

Helen then raises the noxt expression that she is concernca about, those
oxpressions from Groups 1 and 4 in bold above. Sho states that it is still not cloar
te hor whether they "understand whitt trigonomaotry is saying'. She repoats that
most roports talked of two triangles with the stme angle in it. Bat, sho 4sks,
wihore do wo go from there? Offerings are mado repeating tho oxpressians thot
she is congernad about:

EPISQDE 3
1 H:  Say that to mo slowly, the
2 S6: (M writes as il talks) The ratios of the twe sides [l is
3 indopondoent 10 the size of the angles 1l in the two tiangles ...
4 H:  Is indopendent 1o ...7
5 86: The two wi., Is independont, no, the two sides is independent
é
7 H: The ratio of tho twe sldes is independent 10?2
& S6: Tho sizo of the angles in the two triangies fand H finishes
9 writingl,
10 H: Let's look ar that statemont carefuily 1 need some distaner.
11 (And she moves back from the bowrd, and thoes says stowly)
12 The ratios of the two sides is independent [} to the sice of the
13 angle (1 in the two triangles. What dees that statemoent mean
14 to, ul, to anyone?
15 S&: It means that, ub, whether the angres {1 when you've got two
16 triangles, and the angles come up to the same degree, you,
17 uh, it doosn't matty how loag or short tho triangle is. your
18 angles, as long as your angles are cqual finaudible)
1 H: Now ligten to what you said: hew long ar short the triangles
20 ne?
21 S6:  The lengih, the lengtit of the triangle.
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56

56 and you're asked o find or say what sin, ¢ot and tan is,
857 you con use by using the hypotenuse which is the angle
58 opposite, which is, um, the side opposite your right
£8 angle, and your adfacent and your opposite. And there
60 will be your theta which Is the angle you must find, S0

&1 . trigonometry is aetually the measurement of angles, it
62 can alse be the measurement of right angle trianglos.

VT1Cj

At tho ond of all the presantations, some 14 minutes into the lesson, Melen, who
has said little otlier than to direct groups up to speak in turn, movoes to the front
of the class and says:

EPISODE 2

H: 1 want to pick up on {} some words that you've been
using {} um, that eoncerned me. ... Right twrites size,
side on board}. What is the differenge botween those
two words? {} Just look at the words.

&' Stze 77 side {mumblings in unison of both words).
s Ong can bo measured? ... Penny say those two words
for me,

Penny: - (rends) Size, Ship.
: tslewly) Size, side. When you speak. are vou cloar of
the difference botween the twa?

B o el ok e e b b )
e - R B SN SR I I R R S L R

S's: Yes

He Are you sure?

LR Yos &7 No thoth saitd in unison)

H: Thary how eome you say the sido, the size of the, the

sizos of the tiangles, you sald to me the sido 6f the
_ angles and you said all sorts of tunny things?

5's: Sides.
18 " H Who can distinguish K me vory carelully, the
19 difference botween sizzzze (she emphasises ‘zze'] and
20 siddda femphagises ‘tde’s? 'Gause, whon | say sides,
a1 which word do you hear, the first or the second?
22 88 Size” sidos# first# second
23 H Aro you hearing the flrst?
4 S L am hearing «ie second.
o5 S8 Second, floughy
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21
22
23
24
25
26
27

Groups 2, 3 and B's explenations of trigonomaotry alse fosused on the six ratios,
and how these, *with Pythagoras® theorem', can be used to determine the sides
and angles of triangles, espacially right-angled triangles. Specifically, trigonometric

NN

it doesn’t matter of the size of the of the two triangles,
whather its small or big. But then you vind that the two
angles are the same. So they work hant in hand.

ratios are used to solve probloms relatod to heights and distances.

Group 4's artigulation of the meaning of 'trigonometry’ i in similar languagn to

Group 1's:

30
31
32
33
34
3
36
37
38
39
a0
41
42
43
44
45
46
47
48
a@
50
51
52
53
54

Grp 42

Okay uh fj what you were talking about is actually is
what Is actually true. You said that trigonometry is the
measuremenmt of rigngles. It ean alse hv the
measurement of right angled triangles. Say, for
exampie, you got ulf) two trigngles - right anglo
triangles fand she draws them) of different sizes.

As long as your thota, which is the angle, is equal ] the
sizg, the side uh, uh, the ratle of each angle will be
equal, Therafore, wa cama to the same thing that the
ratlo of two sldes Is independant to the size of the i1, of
the angle > two * Iangles. So this angle will oqual to
ihat ang. » I ea oF this theta there, and ... ub, if you
got a trigng,” -~ i this {draws)




aro part of Holen's actian research and what sho bring to the workghops. In the
lesson Holen asks pupils in groups of four first to discuss what 'trigonomotry”
means to them, and then to report back their meanings to the rost of the ¢lass in
a 'maximum of twg minutes per group .., using koy words and putting HCTOSS YOur
main idoas', Aftor that sho hos them discuss, again in their groups, tholr views
of the benafits of group discussion in their mathematics ¢lass. My foeus horo, as
in tho workshop, is on the first task,

Seven minutas into tho lossan, the first group I8 reporting, first explaining that
't genor oty is used to dotorming the size and sides of the angles', and that there
arg Six rauos.

The transcription key follows that used in Chapters 6 and 7, but | have
emphasisad, through bold typo, utterances that will be referred in tho discussion
follawing. Emphasisod utterances by Holen are in bold eaps.

EPISODE 1
1 GRP 1: OK, um, ... our growup sald that algobra is the mixture of
2 geomerry ... umt Ne, It said trigonometry is the mixture
3 of algohra and geametry. And () trigonometry is used 1o
4 determing the size and sides of the angles. Therefere it
B alsp has six ratios in trigonometry. For ingtance, you
6 have your trigngle (she draws triangle belowl, the ratios,
7 like yau have your hypotenuss, if you have an angle,
8 this is the adjacent, this is the gpposite,
2
10
11
12
13
14 Se six ratios are sin, which has a reeiprocal of casec,
15 and your cos, which has a reciprocal of see, antd your
16 tan, which has a reciprocal cot. So thorefore {) uh we
17 sald the ratio of two angles Is Intlapendent to the size of
18 the angls in the other two trlangles. That means if you
19 have twe triangles, there you have a small triangle and
20 a bigger triangle {and she draws)
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quite interesting. It helped in that it wmade me more
critical of seme of things 1 do, and one of the times
when | was watching it more carefully 1, picked up
inaccuracies in my questians, ar not finishing o
question. ...

. It WOS Interasting, vety interesting t¢ watch it, to see
it all hoppening - ke a sociological interest - this little
haur in the middie in the world of this difficult class and
this persoin who thought 106 much about her teaching -
it's just interesting.

{vi1, 1003-1027)

In the first warkshap (that is, after oxpressing her firm comniitment in her initial
interviow to oxplicit language teaching, and after observing and reflecting on her
vidoo) she asks tho other teachors 1o grapple with her about whothar ‘saying it’
actually is indicative of undorstanding, of kiowing. She asks: How come Debbio
(o pupi) can say what sin 40 moans ene day, and then the next doy seems utiabio
to shift from sin 40 to sin thota with any kind of moaning? The teachers'
discussion on this has been deseribod in Chapteor 4, Holen follows this up in her
ewn resaarch and thon in tho next wbrkshop whore sho asks: how come some can
say clearly and correctly what they think but then cannot seem to dotect anything
problomatie in what thair pooers say? They can say it ‘right' but do not seem to
hear witcn peors aro saying o 'wrong', Thig and the dilemnye of transpareney are
ilustratod by what Helen brings to the sceond workshop as a result of hor
reseorgh,

The vignetto bolow prowides insight fnst into now Helen copas in practice with
pupilst moanings and their mathomatical axprossion, and thon inte refloctions on
hor practice. ond the dilemnis she fates,

4 A VIGNETTE - CLASSROOM EPISODES

Thi: eprsodes below take plge m the first trigonemetry lesson of Standard 9, the
year following vidoo-taping Helen's teaching trigonametry to har Std 8 class, They
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J But why did you want to do it?

H:  Ithink it is a general ideological framework that | come
from. Um ... I am very authoritarian and strict in the
general school fife. But | like, 1 am comfortabic with the
itdea of respect for the individual and that kind of thing.
And the other kind cf teaching doesn't do that. | have
taugin with teachers whuo teach in other ways and | am
hortified at how they talk of pugils - so it is vory much
an ideological thing.

Ji Which then is difficult te bring into successful maths
teachingr

sk Like this year in my matrifes - 1 » nevor punished. But
they _jot something wrong ir the prelims and five
hundred times thoey hod to write it out and I felt nothing.
It 1s an external exam, It doosn't fit with my ideas of
what maths is. They ore going to have tg learn if thoy
want to pass. 1 don't feol comfortable with that
beeause | den't see it as respectiful. On the othor hand
you treat a bunch fike this with full respect and you just
get trampled on. It werks at a lot of different levels.
But my teaching is always changing and hopefully

alwe ys improving.
V11, 880 - 939)

Through this extrac. from har roflective intorview we see Helen strugaling to take
on what she bolioves is mare politically and edugationaily progressive pedagegical
appreaches, approaches that bring more fanguago and oxplordlory activity into her
glagsroom, She docs this within hor view of mathemties asg language and within
the constraints of & content-driven oxamination system forgibly at play ay e
sonior socondary school. Mor strugple is captured in hier ¢losing eommaonts in the
interviow:

H: It was strange to watch. Some things | liked what |
was seeing beeause ! knew that | was oxplicitly trying
to do those things but didn't know that | was actually
managing 1o got them done ... and ¢'so sveing the
oxtent to which they warked in groups ! like soeing the
whole 6lass daing that with me as part of it was also
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Sha introduces trigonomatry to her Std 8 with an outdoor activity that investigates
shadow length caused by the sun at different times of the day, and then (and this
is when thoe videos were mada) with pupils measuring and camparing the ratios of
sides of a right-angled triangle with ong angle of 40 degress. Working on their
reports of what they find out, she builds their undarstanding of constant ratios and
rolates these to the programming of trigonemetric ratios into a caleulotor, For the
warkshaps and her own research the follewing vear, Helan asks the class to
discuas and then report what ‘trigonometry’ means to thom.

While Helen argues for the value of explicit language teaching {Chaptor B), like Sue
she is concerned with the actual benefits of pupil-pupil disgussion. For Helen this
Includes wornes and dilemmas around explaratory loarning and both the
_ pﬁrfﬁrmance and mathematical knowlodge-growth of her pupils.  In her refiective
intarview ghe says:

H: [ amm not hopeful, | had some of this group - many -
last year, and we spent ages measuring circle
circumiference etc and then this year | asked "what's pi
o give me some idea of where it comes froms ...
meaning?” and not ¢ elue. Hew about area of a
triangle? Nothing ... and this was a group that 1 did
extensive work with, and for nothing! 8o what [ am
saying is that why didn't | just get them to learn the
formula for the aroa of o circla in Std 7 and then you
expect thrm to have forgotten it instead of having spent
three double pevinds on measuring the circle ote, That
Is the diternma,  They don’t smember the string either,
You are exhausted at the end of o day of this. And
"What for?” you sometimes ask?

J Could you teach in another way?

My Nongoo ... | have made a lot of the ehanges
acadlerically for myself, and thon it has resulted In this
kind of thing., Then | become mare critical of what is
going an and it helped me make decisions | wantod 0
make but didn't have the skills to do 80, o1 GwWreness
or whataver ta do it.
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For most teachers in schools, the crucial issue is maintaining a
suitable balance between offering children opportunities for apen-
endod oxploration and discussion and, on the other, {ulfilling a
responsibility for achiaving established curriculum goals. it Is
generally accepted that this is a difficult balange to achieve. (1885,
. 28)

The diffigulty of accomplishing this balance is luminated in the episedes selected
here and Helen's reflections on them.

3 THE PARTICULAR CONTEXT
3.1 Tha schaol and cluss

Helon taaches in a girls-onty Modal C {fustorically white) state scheol. This schau
dérauialisod fagtor than most othor Model € schools and at the time of the
research, fowoer-than 509 of tha pupils were white, The schioot is well-resourced.
Thore is a library and computer ceritre. At an individual classroom level, for
oxample the classroom where obsorvation and videoing were carried aut, thore
was an OHP and sereen, a good blackboard and a whiteboard. Holon was thus
gble to make use of throo difforont teaching rosources. She had propared
ovarhead transparencies with tagk insteastions; sho wrote important notes during
class Jiscussion on the whitoboard, and used the blackboard tor recording her and
the pupils’ activity in the losson,

Tha class wos a 'mixed ability' Standard 8 {Grade 10) of 30 pupils. it included
immigrant pupils, one of whom had arrived in the country recently from Taiwan
angl "did not spoak a word of English'.

3.2 Helen's approach

Helon's clogsos arg intoractive and task-based. Thoy reflect her goneern that
mathematics should bo contoxtudlised and learning muaningful and lasting.
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thiniking is often partial, For oxample, sometimas pupils say what thoy did but not
why they did it (Clive talks of this - Chapter 4}, That is, their articulation of thai
thinking is only procedural, rather than also pringiplod {Mercer, 1998, p. 41),
Sometimes, a nupil's oxpression of his or her thinking is confuging for othors for
example, Joe in Chapter 7). As will be seen In this chapter, semetimes a pupil's
gxpression is actually wrong. Yet, whether limited or wrong, pupils' mathemiticl
gxprossions often convey some level of understanding or ingight. in practice, the
Issue for teachers, then, is how to work with what pupils bring, how to get at and
work with what it is they are trying to say. Cliva is not sure how to act when
pupils seam unablo {or unwilling?) to explain thair thinking, And Sug is unsurg of
how to hélp Joe ond athor pupils 10 'dovelop thelr languagae',

2.3 Relating axplicit language teaching to the wider educatianal context

Bue and Thandi "tell' and ‘mnd_e!‘ as part of managing their dilemmas in their
multilingual clagssrooms and these practicas resonate with Mercer's argumont that
‘teacher talk’ can b2 an effoctive strategy for ‘guiding the construction of
knowlodge' - though a strotegy to be used sparingly (1998, p. 19],

Mercor thoorises o sacicculturai thaory of classroom talk and argues that ‘toochor
talk', and question and answor routines arg one of many effagtive stratogios for
guiding the construction of knowlodge. Thare is gued roason 10 use it, and good
reason to use it sparingly, as one of a wide ropertoire of gommunicative activities.
Quostion ond answer reutines provide littlo opportunity for languags as a sogial
mnde of thinking - for pupiis to use talk in any but a limiting way (1998, p. 8).
However, thorg is no good reason why tho teacher should 1make a obee:and-for all
c¢hoice betwean using ‘traditional’, whole class, didactic methods ur the mare
opgin-ondaed disoussions ond group activitios assoeioted with ‘progressive’ of
Yearner contred’ education.
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Threo key dilemmas emurgod s this study. Tha difermma i code-switching, and
its oxtongi~n 10 inglude the dilemima of whother or nut o madel mathematical
English, simu .ancously cuptures, categorisos and gllows for oxplanation of the
teagher's actions and reflections in a situation where she and most, but not all, her
lcarnors sharg 2 main language tiat ie not the fonguage of instruction.  Hero
docisions in the classroom often ravolve areund tho tonsion betwesn developmyg
pupilst English ve. ensuring pupils understand the mathomaties: and around
whaether the. tacit practice of modelling mathematical English is in cffeect, the
taachor 'talking too mugh'.

Qver timg, the dilamma of todo-switching was ¢ powerfyl sourge ot paxs tor
Thandi. Thondi ihterviewed her pupils to find out their viows of grouy work and
their yse of English in gk, Through her agtion restarch and her use of difomn
kinguage, Thandi was abio to idenrity ond then transcend her dilemimie. Sho alsu
grabraced tha noed not anly for codo-switehing but tor ghange in her mathematical
activitios, Together with her rofloctions on hor video, Vhandi's agtion research is
maost gonvinging that dilemmas are antwytic devicos and sources af praxis,

The dilenuma of mediation enables anaiysis of aetion and raflegtion in foarner
centrod classreoms whart O participatory-inquiry approaeh hag gtfestively buen
doveloped.  Horn, omphases and dogisions revelve dround validanng  pupily
meanings v, dovaloping mathematical communigative gompotence; around using
verbalisation as o leaming resourgo va. virbalisation ag a teaching resource; and
arpund the shifts betwoeen falking within ve, talking about muthematics.  The
dilemnig of mediation also entads recoanising toaching ntentions in refation to the
development of seiontific eangepts and the instrustional role this Inplios.  An
nstructianal o1 sealfolding role is further roquired whon there 19 no etfective
construction zong for pupld-pupil intetaetion.  Thasy msttuetiond!l toles are in
tension with a dusire to olieit, ﬁli(:oura(}e and vatidate pupils' concoptions. Such
diletnmias omerge for Sue procisaly bocauso hers is a context of ghanging
Ry,
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CHAPTER 9

CONCLUSIONS AND RECOMMENDATIONS
FOR TEACHER EDUCATION AND FURTHER RESEARCH

The notion of a "teaching dilomma* constitutes tha key meehanism that captured
and opoened up, v achers knowledgo of the elusive, complox and dialectical natura
of teaching and w.arning mathematics in muftilingual elassrooms. This study hos
confirmed that teaching dilommas are at anco explonatery tools and analytic
doviges for toaching. Thay miake explicit the tonsions inherent in teaching. At the
same time a languagoe of dilommas gan funetion as a soureo of praxis, Teaghors
can uste a janguago of dilemmas to reflest on and tranafnrm thoir practices S0 as
to mont the mathematical neods of their tinguistically diverse fearners.

Thig notica is not ariginal,  Howovor, for this study, there wire two signiticant
limitations to available dilermnma ionguagoe. Firstly, it did not adaguatoly eéaptura tha
spoeiticity of mathematies and fanguage learning in schaol. Once located in &
multilingual mathematies elassroom, a language of dilemmas bogomes generative
of dilommas that highiight tengions specific to the mathomatical and lanaupge
ghallenges in such classrooms.

Scoondly, the conventional notion of a toaching dilemma was polarisod betweon
Lampert's emphasis on tho parsonat and tho practical in managing dilemmas, and
the Botluke' contertual omphasis in their dialoctical nctount of dilemmas in
schaaling. Teaehing dileinmas are at once persenal, practival and comtextual. This
pmpirigally dirived obsarvation can bo explained hy soeiocultural theory whieh not
only offoctively gombines the teaghor's context and his or her biography, but aiso
ragognises tho speeificity of school subject knowiedgo.

The theoretical eantribution of this thosig thug lies in toadoning the conception
v taching ddenag and in extending the linguags of dilenmmas to aapturn the
speeificity of o muitilingual mathomaties ¢lagsroom.
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sihg tries to embrace new practices and make mathematival knowledge available

iy her particular mudtiingual elagsroom,

An important quastion for mathematics teacher education if it is to address the
dynamigs of a multifingual classroom is: what significanca do teachers attach
to pupils use of a 'wrong® word or expression?  Qpportunitios 10 grapple with
implicit and explicit practices on language issues like thase highiighted by Heton
will enable mathematies teachors' informed decision-taking in moments of their

pragties in thoir multilingual classraems.

NOTES

1'

In soeiocultural terms, this ig the dialegtic hutwoen nguage and thought, whetn parpAtasing
i3 gssyeiated with poatsanal oppropriation of cultural {that is, within & commuity af progticol
cepcepts and ideas. {Leonatiov and Luria, 18G8).

it iy important 1o repsaar bere, a5 Barnstein (1993) 50 powatfully pomts eut wi hig wtred jeton
to Charting tho Agentar Educational Activity After Vygotsky IBaninls, 19831, that fanguago
is a cultural taol, and so @ tac! for loarning.  But language itsol! i a producer of rolatiang of
pewet. This point i also mado by vie (11589). While language is a resouree in the elassteom,
it docg not function simply in regowrcetul and unprebiematic waya.

Wihile follow-up actinty B not nocessanly ontal my direet participation, Helon was happy that
f shauld asaist with anzanging the videoing ant observe tho glass. A furthar remingder hote that
analysis of classroom episades has not included datailed discourae ner ganvegahiona!l analysis.
Such analys:a will ng doubt soveal 2 groat daal. Howaver, the fecus her ig an what “lolon

~ noys and does. Classroom episodes are illusteations ef Holen's knowledgo of hor prastico.
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Finalty, Lave and Wonger's notion of transparency illumini.tes classroom
progessos. Trangparency involves both visibility and invigibility, just as v a
window. Both wisibility and invisibility are part of transparency in tha practice.
Resourcos noed to be seen to boe used. Thoy afse neoed to be invisible to
illiminate aspects of practice.  So 100 with Iangu'age as a resourco for
mathematics learning. For this regource ta bo transparent, effoctively usable by
learners, thoy must be able to see it and then use it.  Thoy must hamess
language as a resource, focus on it when neeessary, but then rendaer it invisiblo
and a5 8 moans for budding mathomatisal knowledgo.

Teachors fiko Helon, Sara and Clive, ag shown in this study, arc congorncd
about their verbalis.ng and having pupils verbalse ‘carreet’ mathematisat
anguage, about using anguage as a shared public resource in the mathematics
giassroom.  Ang while asgese to educated mathomatical discourse is important,
Hele's classroom illustratos how it can brirg a dilenuna of trangharaney wherg
on the one hand making tho language visibla ond itself the focus of ottention,
obsgures tho mathomatical idegs, and on the othor of 'going an tog long' and
dintinishing pupils' use of sdueational and educated discourso. And this s
particelarly s in o dominant guiture of traditional teagihing,

Together with Chapter 7, this chaptor revoals tho fundamontal tonsion botweon
implicit and sxplicit proctices with respoect to linguagoe issues in multihnguast
mathumaties classrooms. As was arguod in Chapter 7, these issues are nresent
n gll glassrooms, but are preeent in particularly haghtened fonn in multiingual
glassrooms.  Holen attonds to pupils' mathamatical inguage exprossion as o
sharad public resourec for cluss teaching, Sho also 8008 it as providing o
display of mathematical knowledgo, As Pimm {19988) points out, the lat.r
attennion acknowledgos that ofl |, as teasher, have aseess to s the torms, And
Helen poses these questions: of thoy ean say it 'right'. do thoy ktaw 1?2 And
if they don't say it 'right', can [ lot it go? As in Chaptars G and 7, thero is no
smnple cngwwer horo, rather, an mstance of o aeher geappiing with tha ssue os
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vigibility and invisibility is intertwined with using longuage both to explore
mathematics and as a display of knowledge, with developing bath educational
and oducated discourse.

8 CONCLUSION

Just as from Thandi and St wo have seen that using main languages in the
classroom as a resource is a complicatod matter, and that a more. participatory-
inquity approach creates dilommas of mediation, so from Helon, we soe that
- explicit mathematies languago teaching, while beneficial, is not a straight
forward 'good thing'. ft brings a language-related dilcnyna of transparency
with its dual charactoristics of visibility and invisibility. From Holen we can seo
Lave and Wenger’s argument that talking about a practice fromt putside the
pragtice can lead te scoguestration from, rathier than aecoss to, the prai}tic@..
And we must remembor that Helen's pragtice is not restricted to explicit
languago toaching and thus in eonstant ang perpetual danger of moving outside
the practice. She works an har pupils’ expression, on what thoy bring as a
rosult of thoir talking within their practice - thoir mathematics classraon,

Helen's porticular questions, roflections and theo discussion thay provoke in tho
wirkshops reflect the 1oa! werrios of teachors 18 thay try to thount somaothing
now and difforont in their girgumstangos whieh, particularly at the more seniar
fevels, include passing oxtornal oxaminations in o wider gontext where
traditional toaching practice remains deminant.' From Holan we toarn the voluo
of oxplicit mathomatics language toaching seme of the time,  This 3 relation
to both pronungiation and to the diiomma of trenspoarene - in practice whore
attempts to make mathematical fanguage visiblo gan actually obscure, 1t is 1ot
simply 0 matter of ‘going on too long' but of managing the shift of focus
betwoen mothematical language ond the mathematical problem (and of courso
these are intertwinod),

282



thare are both political and educational dimensions to this dilemima for Helen.,
If sho 'goes on too fong’, she diminishes pupils’ opportunities to use educational
disgourse and inadvortently obseures the mathomatics at play, 1 sho leaves too
mueh implieit ther sho runs tha risk of Insing or alienating thoss wihio most noed
opportunity for ageess to educatad discourse. She woanders about the possible
effects of leaving in play a shared sonse of trigonometric ratios but a public
display of incorrect mathematical language: ‘if thay don't say it right, can  lot
it go?*.

0f course, thers is a world of difference betweon 'what they arp saying is
wrang' and ‘1 can't get at what thoy are trying to say to me' (Pimm, 1996).
This is tho differonce Sue trigg to got at in tha third workshop when the
teachors are discussing how & pupil san talk abaut sin 40 on one day but not
sin thota the next. Sus says she would ask horself what it is she (the teasher)
is not undorstanding and tty to ask thoe pupil another question, somoething that
would holp Sue understand what the pupil is trying te say. Helon, more
oxglicitly, is working on the ferm of what thoy are saying, and that this forn: is
Wrang.

Insur ary, through Holen we gain further insight into o toacher with 4 strong
and pw awular ot ofF educationd and pt;iitit;al bolicfs about language and
learning  Struggling to understond tho potentigt bonefits for pupils of moro
intoractivo practices and honue morg language in the mathematies elassroom,
Undorpinned hy hor view of mathematies a8 a languago, and deoply cangerncd
with the politics of aceess in Sauth Africg, Helen moves betwouen taking “size!
and 'sidg’, and ‘dopondent' and ‘indepandont' out for seruting - making them
visible, 8he then  rodngents them i ther partiGular mathematieal use in the
legson,  But this is a struggle. 1tis deeply bound with using language {ationding
to pupils' language expression} as a shared publie resource whore, i tho
muthematical problem i to be addrossed, the kinguage nsolf must alse bo
invisible. 1t cannat romain the toeus of eanscious attenton,  This strugpie over
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where she guestions, bringing inte facus the ingorrect uso of the concept and
torm ‘independent’, and finally reformulatos and recaps emphasising what she
§0068 a8 most significant in the description of trigonomaotry that has emergod
fram tho pupils. But thig explicit language teaching is a struggle horo.

Helon's knowlodge helps us idontify a fundamental podagoyic tension botween
impligit and oxplicit practicas with respect to language issues in hor mulilingus
mathematics closs. She harnesses language as a resource in her clagsroont.
As a resourcea in the practice, its transparengy, i.0. its enabling use by learnors,
is rolated to both its visibility and invisibility.  Spoeifically, Holen attends o
pupils' exprossion as a shared public resourco tor cliss teaching. This is Q
gharactoristic of classraoms that is not shived by many other speech settings
(Fimm, 1986). Tho language itsolf bocomes vigible and the axplicit focus of
“attention, It g no longer the modium of pxpression, but the message itsclf -
that to which tho pupils now attend,

Episode 3 shews Helen struggling to moediote the seintific soneopts of sonstant
ratios and dependence and indopendonce as they arise in sehool trige amotry.
She does this in hor multilimgual elassraom whors tho complex three dimonsional
dynamic mtorscots with her edugationat and politieal boliefs as woll ag her view
of mathemotics as languoge. Helen focusos on pronungiation and correct ways
of speaking mathomaticuily, thus attempting to provide aecoss ta English and
to matheomatical disgourse.  Howover, thesg attoopts agcur withint fior
chissroom culture whero language is used simuttangously to explore and display
mathomgtical knowledge. And problems emerge.

On reflection, Helen feelg that lier aitempt ta onable geeess to mathematicul
loducatod) discourso brings tho prablom of ‘going on toe leng'. o axphgitly
making mathematical kinguage visible, i beeomoes opague, ohseuring the
mathematicyl problom. Tho dilemma of transparengy atigas. of whothor (and
when} to mako mathematical language explicit or leave more mpheit.  Agamn
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Helon's working assumptions of a strong refationship botween language and
thought are soriously ehollenged 0s she experioncos ond observes pupils
expressing thoir winking on one day then not the next of pupils expressing
elear and correct mathematical thinking but net boing ablg to discern
prablamatic expression in/ef others; and of pupils saying things 'wrong' but
creating a sense that thoy have some grasp of the mathematics in play. She
alse secs how in her focus on language teaching, in her attontion to their use
of degendent and independont, the pupils lest their focus on the mathomatical
ang tngonometric problem from which this use areso.

7 DISCUSSION

Holon's action rgscargh reveals tha tensiens in whale class interagtion as
attontion is focused both on pronungiotion and on pupils’ mathematical
varbalisations, and highlights the dilemmas this oxplicit mathematies language
LOuching creates for teachers. Thraugh opisodes in Holan's ¢lass and her
raflections wo loarny 19 attend to pronungiation in @ multilingual mathomatics
elass and the rolo it might play in meaning-making. And wo see what wo know
only too woll, that somo mathematics is ditfigult far pupils to say procisely and
with moaning.

The spegifie dilemma for Helon lios in moving back and forth boetwoon
edueational and educatod discourse, betweon languago used tor thinking and
fanguage used a8 o disploy of knowledge, batween talking within and about
niathomaties. ) have argued that in soeisculturg! torms, teaching and learning
mathoniaties ontails this moving back and farth, and that Sup, for gxamplo,
needod 10 ho more oxplic’t in this rogard. Iy gontrast to Sue, Helon doos work
oxplicitly on pupils talking abeut mathematics. Sho provides oppartunity tor
pupilg, amongat themsalves, to claborate and thon ghare their mwanings of
'trigonometey’,  This glicitation of pupils* thinking suggests to hor that thore is
sontusioh and she maves to clarify this through o particuln scaffolding procoss
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And she rovisits her quostion in tho first workshop: i they ean soy it, do thoy
know it? and moreover the rocognition that tathematical exprossion is often
vory diffigult,

e« 1 think that that sentence came out of somothing that the group
was weorking with ... if you actually take a sentence like that
which is supposed to be conelse, and it earries a whole Iot of
meaning there is difficulty ... They can talk to you about it and
they can give you & long explanation of what to do ... 50 its scems
to me 1o be also a problem of expressing a lot of maths in one
clear sentence, For me that is also linked to the issue of how we
transmit maoths to coch other. If you moeko a mathematical
statoment yau arg involved in getting it down t0 o simple, short-
hand languege that we can all share ...

' (W2, 50:-120)

Finally, she poses a central questien on vorbalisation and the dilemma of
fransparency:

e In ratrospoct, when { look at that lesson, [ went on hut much
too long (laughter) on and on and on and ! keep saying the same
thing and I repeat myself, on and on .. and | wateh the video and
I think 1 wonder why they are stifl sitting in their seats and [ am
falling an tho floer falling aslecp,  But the thing is then if you have
@ sensa that there s a shared meaning amangst the group can you
go with It? um ... when the sontence is complotely wrong? ... Gan
you let it go? Cun a teacher use a sense of shared meaning to
move on? I think this is a central guestion in terms of the
verbalisation and discussion,

(W2, 151-188)

Helen also remarks an and remembaers that in her attompr to teach mathomaticat
Ian'guagn explicitly, the mathematical focus of the lesson is lest,  She
remembors boing thrown by a pupil's intorjection: 'it makes a difference to
what?' {seo Episode 3, linos 86-93),



triangles. When Jill and | discussed this we talked about the ane
part where g child put forward what she thinks is going on in
relation ta that /ssue and It Is a questlon of even though lher
language is not clear is there understanding amongst the rest of
the students and It seems like the rest of the students do
understand even though she Is using incorrect language. So we
can watch and think arcund that.
{W‘-l 19"33}

She than plays the vidao from the peint where the student says: the ratio of the
two sides is indepepdent 10 the size of the angles in the twe triangles and she
is writing what is being said word for word on the board for the class to think
about.

Aftar the tapoe has run, she also commaents that this is not a goed studont.
Thus hor concorns about the student’s uxpression interact with her knowlodge
of the student - and that poer oxprossion might indeed reflect a lack of
understanding.

She continuos her roflection:

Just after the seatence is written on the board and ! ask: "What do
you undorstand by this statement?' The one ehild puts forward a
perfect explanation. She talks about the angle being the same in
Loth triangles ana ther she talks about the depth of the triangles
or whatover and 1 pick up on that ... and then this ehild (getting to
the place on the vidoo where a second pupll is responding) now
does it absolutely perfectly. 50, that is twe very good exprossions
of what iz going on. And yot when you ask the elass: ‘Is this
semence correct?’ fPointing to the somtonce she has writton
verhatim fram the Hist student on tho boordj, there is this
complete sifence. So tho question for me is: oven in the minds of
those two children who put forward such eonsistent explanations,
what's going on with them? [} that they eannot ... um ... piek up
incorreatnoss in the sontenee?
{w2, 6080
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reduce her awthoritarianism and control, to¢ allow and encourage on the ong
hand pupils' vaicus and meahings, and on the other provide opportunity for
language as a social mode of thinking, And she does this whout leaving what
eounts as mathematical language, for exampie, being precise, at the level of the
implicit.

in Episode 3 in particular. i—leten asks what the statement with ‘independent to
the size of the angles' means, Inviting rethinking, and further elaboration (lines
10-12}, 8he trios to engage pupils in making sense of tho statement {line 44).
When 57 exprosses a clear explanation Hines 57-60) she focuses on this,
reformulates (lines GG-67), and asks the class to compare the two versions {ling
64). Sho assists by recapping and stressing that the ‘angle mokes the
fundamental diffgronge’ {ling 73} only ta fing that the facus of the methomatical
discussion is lost on tho punils, And su sho roforrulates and recaps again, and
naw, in her view, she has gune on tae long.

Holon's practice has come 1o include periedic fotusing of har and her pupils’
attontion onto how we speak mathematies - educated diseourse (Morger, 1998)
- and on passible languauge/pronunciation cenfusions. This creates what | have
cailed the dilemma of transparency, of language as o rasoured in the classroom
carrying tho dual characteristies of visibility and invigibility, and, as a result,
Holan faces & now sot of challengaes.

8  HELEN'S REFLECTIONS

Opening the scwond workshop, and hefaro showing some of the oxtragt above
to the other teachers, she says:

Qne of the issues was finguistic ... the sound Issue between sides
with an & and size. A lot were hearing size when [ was saying
sidos and we picked up on that issue and then fon what trig is] on
the ratio heing the same for a given angle in different sized
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the end of the word. While sight, size and side are all monosyllabic, with
amphasis at the beginning of a wory, they all come to sound roughly tho same.
Similarly, white and wide, farty and fourteen, multipio and multiply all create
possibilitics for confusion. In thig contoxt, that Hoten oxplicitly distinguishes the
spokon words ‘dependent’ and 'independent' is appropriote.  And Sorg's
ingistence that she monitors pupils’ written records of their mathematieal ideas
in their notabocks makes good practical sense,

| noted further that Melen worled oxp.citly in this lesson with both
pronunciation and corract mathomatica! expression of moanings of
trigonometry. | was aware 100 that as part of her own rasearch, her attention
to language issues wa probably heightened, bringing more emphasis on explicit
language toaching in her practice here than might have beon otherwise,

Both in this lesson, and those videoad and abserved the year previously, Helon
is notably more diroetive than Sup durlng repart-back timo. While Sue invites
discussion from the class after sach report, Helen has all groups report and
then she diroets wholo glags toachor-pupil interaction on what has been
presantad, fdcusing attention on prablems and refermulating and recopping
where necessary. 1t is in this part of the lasson that explieit fanguage toaghing
is vvident.

Nowv, on reflection en my own obsarvations and with tha hindsight braught by
the study s a wholg, | am not sure i this instanca that 'sides' and 'size’
actually caused any confusion of moeaning in pupils. Clegrly, strictly speaking
in athematics, wao do talk of the side opposite or adjacant to ar angle, but we
dn not rofer 10 *sidos of angles®,

What became mere and mare intoresting for me in tho contoxt of the study and
Meolan's views ard concorns was hor intontional shifting of fogus In the
glagsroom onto the mathematica! language at play. She is working hard ta
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