DECLARATION

| declare that this research report is my own ugghigork. It is being submitted for
the degree of Master of Science in the University tbe Witwatersrand,

Johannesburg. It has not been submitted beforanpidegree or examination in any

other University.

(Signature of candidate)

5" day of June



ABSTRACT

This study investigates mathematical knowledgetéaching. One Grade 8 teacher

was interviewed and observed for one week whiletieg algebra to 8 graders. |
focused on mathematical problems that confrontedabeshe went about her work,
the mathematical work of teaching she grappled ,vilte knowledge resources she

called on as well as the algebraic activities #iat presented to her learners.

The analysis shows that she wrestled with explginiepresenting, questioning,
defining, working with learners’ ideas while restturing tasks was entirely absent in
this practice. It was interesting to see that leesrwere exposed to representational,
transformational and reading activities of algelarad not the generalizing and
justifying activities of algebra. The analysis het shows that this teacher drew on
mathematics, curriculum and her experience in a@sustain her practice. Based on
the findings of this study | argue that matheméaticeowledge for teaching in this
practice is empirical, with a strong focus on cartigns as well as terminology; and

is characterized by representational, transformatiand reading activities.
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Chapter one: Introduction, Rationale and teaching &ebra

1 Introduction

Recently, there have been curriculum shifts in maidtics in many countries that are
driven by national policies, and influenced by e¥sb. There is advocacy for a
transition from traditional ways of teaching thatghasize mastery of procedures and
algorithms, to approaches which also foster matiieadareasoning in learners or
learning mathematics as a set of practices e.gfyjng, representing, generalizing
etc. It is believed that these new approachesachteg mathematics would enable
learners to re-invent mathematical ideas, procedarel algorithms when forgotten
hence serve to aid retention of learnt facts. Theseculum innovations are also
found in South Africa. Brodie & Pournara (2005y@ that these shifts are signaled
by terms such asducator facilitator and mediator (p.48) within the South African
curriculum. According to them these terms indicagsv roles for the teacher. The
South African Department of Education (DoE, 200&)gning itself with these
curriculum shifts, advocates that learners shawestigate patterns and relationships
so as to “develop mathematical thinking skills swh generalizing, explaining,

justifying, representing ... predicting and descrifji(p.63).

Curriculum change is not a smooth process. In stppaller (2005) argues that
more often there is a mismatch between the pramniag of in-service teachers and
the intended curriculum. Hence the question: whathematical and pedagogical
knowledge do teachers need to know and know houséoin practice (Adler, 2005)
in order to teach mathematics well? In additiorg algues that new topics that come
with these curriculum shifts pose problems to in#se teachers because they have
no working experience relating to what learners ivdund difficult, which activities
work well and what misconceptions may arise inrlees. | note that in this study, the
topic (i.e. algebra) is not new but it is expectedt it would be taught in the new

ways as advocated by curriculum shifts. Adler ¢ip further points out that the



mathematical knowledge that is needed to implent@atcurriculum is specific for
teaching and so not the same as the kind of maticameased in other fields such as

Engineering, medicine, economics and the work place

Informed by these changes in curriculum and theommggdebate on the mathematical
knowledge for teaching that teachers need to knuhb& able to use in practice, | set
out to look at the mathematical problems that amitfra Grade 8 teacher, the
mathematical work of teaching that she does as she goes about hex; aod

knowledge resources that are called on in thistipa@s well as the nature of the
algebraic activities used. The assumption herehas f we understand what the
teacher does, how and why, and consider how thédeseto the goals of a new
curriculum, we will be able to relate what she nigkeed to know and use that is

currently not in her repertoire.

1.2 Research problem and research questions

This study explores the mathematical work of teaghhat a Grade 8 teacher does as
she goes about her work, the mathematical probldras confront her and the
knowledge resources that she calls on as she udesdalgebra. This study is
therefore located in the broad area of mathemakicaledge for teaching. In order
to gain insight into the teacher's mathematical kvbstudied a teacher in practice.
The following specific research questions guids gtudy:

1. What is the nature of the activities that thader8 teacher uses to

introduce algebra?
2. What mathematical problefndoes the teacher confront as she introduces

Y| use the term Mathematical work of teaching tocdes what it takes mathematically to make
mathematics accessible to learners (see also BBHA$s, 2000, Adler & Pillay, In Press). Ball, Béss
Hill (2004) use the term mathematical problem sajvinstead.

2 In the literature what | call mathematical probters referred to as either learner’s errors,
misconceptions or learning difficulties. These ceinigachers to grapple with mathematical work of
teaching in order to move their learners on henterg misconceptions and learning difficulties



algebra in Grade 8?

3. What mathematical work does the teacher do@agasés about solving
these mathematical problems in her teachiagtjme, specifically in order
to introduce algebra to Grade 8 learners?

4. What knowledge resources does she call on iomtbrk?

Together these questions enable reflection and idenasion on mathematical

knowledge for teaching particularly in relationtb@ new curriculum.

1.3 Rationale

Teaching encompasses both regularities and uncietai Teachers cannot always
predict with certainty what learners know and howyt know it; hence they always
confront problems of practice. According to Ball€3 & Hill (2004) mathematics
teachers often analyze learners’ responses forrserrét times, teachers find
themselvesappraising unexpected claims, solutions and methselect and modify
tasks (Ball, (unpublished work); Badt al. (2004); Kazima & Adler 92006). Setting
up activities/ tasks for learners and implementingm demand that the teacher is
able to use both the language and concepts defsitihat are appropriately pitched
for the grade (Ballet al, 2004). Ballet al (op cit) further argue that teaching
mathematics demands that teachers give and evatxai@nations so as afford
learners to gain access to the subject. 8alll (2004, p.59) refer to these activities
and others which confront mathematics teachershag go about their work as
‘mathematical practices that involve mathematicabjem solving’ (see also Ball &
Bass, 2000, Adler, 2005). Adler & Pillay (in predsve since described these
activities of teachers as ‘mathematical work’ ofadeing. In this study, | use
‘mathematical work of teaching’ instead of ‘matheite problem solving’ so as to
prevent confusion with the notion of problem soytommonly used in mathematics

become problems of the practice that need to heedoResearchers who have done some work in this
area include MacGregor & Stacey, 1996a, 1997; Bxd2d04; Wheeler,1996



as well as the notion of mathematical problems twatfront teachers which is a

focus of this study.

Research that has been carried out in South Alfnigates that mathematics courses
in teacher training programmes appear to be doeunby mathematical demands
that emphasize procedural fluency and compresséidematics (Adler, 2005; Adler
& Davis, 2006). So where then do teachers leadotthe kind of mathematical work
as described above? Furthermore, an emphasis ocadu@l fluency seems to be in
contradiction with what is demanded by the ReviSational Curriculum Statement
(RNCS) for mathematics (DoE, 2002) which requiregrihers to engage with
mathematical practices such as generalizing, axpi justifying, representing,
conjecturing, testing, analyzing, inferring, preutig, describing, and others. RNCS
has redefined the mathematics content and howoildhbe taught and learned by
including these practices which require teachersvook with unrefined forms of
mathematics in order to make the subject accessibleearners. Consequently,
teaching algebra has taken a new form which reguieachers to expose their
learners to more open-end tasks so that learnersteat to recognize the power of
algebra over arithmetic with which they are conaats They would realize that
algebra is a tool for making generalizations ara/gling justifications i.e. it enables

them to talk about calculations without actuallyfpeming any calculation.

The Revised National Curriculum Statement for mauhigcs (DoE, 2002) suggests
introduction of algebra in the senior phase (Gradd. The curriculum states that in
Grade 7 learners should “describe, explain andfyusbserved relationships or rules
verbally” p.74, while the 8 graders are expected to either use “words or eddeb
p.75. We see that the curriculum emphasizes theofidanguage and considers
language to be an essential component of learnatpematics (algebra) as early as
Grade 7. Just like other concepts, mathematicatequis are carried in a language; so
are algebraic concepts. This raises some additi@sales for the teacher. For

instance, in mathematics some words (such as eiifée;, product etc.) take on



specialized meanings which may be a problem forestgarners. This poses new
problems of mathematics for teaching since if tsa&cher is to promote algebraic
proficiency he or she has to listen interpretivédpavis, 1997) to learners’

contributions so as to push their thinking forward.

According to the RAND study Panel (2002) algebraypla gate-keeping role in
school mathematics as it determines who will haseess to higher education and
other career opportunities. They argue that theareéor this is that algebra functions
as a language system for ideas about quantity gades and so serves as a
foundation as well as prerequisite for all brancbemathematics. This could be the
reason as to why the South African curriculum ersp®s the use of algebraic
language as early as Grade 8. Proficiency in madhies) of course, is not restricted
to algebraic language only. Kilpatrick, Swafford Eindell (2001) argue that
mathematics teaching and learning should addresze finterdependent
strands/elements of mathematical proficiency (seetian 1.3.2). According to
Kilpatrick et al. (op cit) adaptive reasoning, one of the five steamsla cognitive tool
which enables one tustify conclusionsmade regarding the relationships among
situations and concepts. They further argue thahowut adaptive reasoning one
would have a problem in deciding about which prared, concepts or solution

methods are useful in a given situation.

School mathematics is divided into different braglsuch as geometry, arithmetic,
statistics, algebra and others. RNCS has redefinese branches as “(i) Number,
Operations and Relationships, (ii) patterns, Fumstiand Algebra, (iii) Space and
Shape [Geometry], (iv) Measurement and (v) Datadiag (DoE, 2002). Algebra is
one of the oldest branches of mathematics. Whe@@96) points out that full
development of algebra took at least a millenniti®.sees algebra as the completion
of arithmetic as it answers some of the questieftsout by arithmetic. Kilpatriclet

al. (2001) argue that algebra builds on the profigetitat learners have been

developing in arithmetic and develops it furtherithmetic deals mainly with



concrete numbers, empirical arguments and the laettecution of mathematical
operations to obtain a result. Algebra on the otieard, is concerned mainly with
making generalizations and justification of argutsefor example, in arithmetic one
may show with examples that the sum of two consezmumbers is odd but to show
that this holds for all numbers becomes impossibles problem is easily resolved
using algebra by representing the problem as fcsliow+(p+1) where pis any

whole number. This simplifies tAp+1which is the general form of an odd number.

Wheeler (op cit) further points out that arithmeticuld not be developed further
without algebra due to its adherence to concretabaus. In the primary school,
learners mainly deal with arithmetic. On enterihg secondary school learners have
to make a significant shift as they move from tbearete in arithmetic to the more

general in algebra which dominates the seconddryadcurriculum.

Bell (cited in Wheeler (1996)) contends that thera multiplicity of algebra, not just
one. These include abstract algebra, linear algéwmalean algebra and elementary
(school) algebra. Wheeler (op cit) argues that elgary or school algebra is
concerned with actions; “collecting like terms, ttazing, expanding, solving
equations, simplifying and others” p. 319. Kilpekriet al. (2001) refers to these
actions as transformational or rule-based actwitiealgebra since their main focus is
to transforming the ‘form of an expression or eguatinto an equivalent form’
through manipulation of the symbols and executidnaoseries of mathematical
operations. For example, simplifying(x+1)+4(2x+3) requires one to replace
3(x+1)and4(2x+3) with 3x+ 3and 8x+ 12 respectively, and then grouping like
terms to getl1x+ 15s an equivalent expression. While algebra buaidarithmetic,

it differs from arithmetic in that algebra as a $pfic system does not depend on
place-value which is central to arithmetic. In duboh, when letters are used in
arithmetic they represent unknowns. In algebra,éw@n, they are variables — letters
that can assume any value. Kilpatriekal (2001) point out that learning algebra is

problematic to many learners although the “pladelevaaumeration system used for



arithmetic implicitly incorporates some of the lgasoncepts of algebra, and the
algorithms of arithmetic rely heavily on the “lawsalgebra™ p. 256. So then, what
mathematical knowledge for teaching do teacherd te&now and use in practice in
order to manage the transition from arithmetic ltgelra and consequently increase

learners success in learning algebra?

1.3.1 Why is studying algebra important?
Generalizing and justification activities of algabafford us the opportunity to

express relationships between quantities. Algebnatfons as a language and a tool
for understanding other branches of mathematics NBRAstudy panel, 2002).
Algebraic methods are used in other branches ohenadtics such as geometry to
solve geometric problems. Algebraic activities sastsubstitution play a vital role in
problems involving calculus while factorization alfyebraic expressions is useful in
solving quadratic equations. Today’s businesseg lnekvily on the generalizing
power of algebra as it enables them to produce enadlical models that can be used
to predict future gains of the business. So knogdednd understanding of school

algebra contributes to mathematical proficiency.

1.3.2 Attaining proficiency in mathematics, specifically in algebra
Teaching mathematics entails exposing learnergtio the mathematical content and

the language of mathematics. According to DoE (20€@ntent in mathematics
consists of knowledgee concepts, operations and procedures, skillsvahas. In
addition, DoE (2002, p. 4) points out that “mathénsauses its own specialized
language that involves symbols and notation forcdleig numerical, geometrical
and graphical relationships”. Hence learners shbalthught this language if they are
to be proficient in mathematics. The debate onrdetionship between language and
mathematics dates back to Pimm (1981) who argues tthe main role of a
mathematics teacher is to assist learners in conwatimg their mathematical ideas.
He further points out that, it is the teacher pssibility to develop fluency in both
spoken and written language of mathematics. Itléarcthat for Pimm (op cit)
mathematics teaching is intended to develop comeatime fluency in the language



of mathematics. The question is; what mathemalkicalvledge does the teacher need
to know and be able to use in practice in ordeeéch the language of mathematics?

Kilpatrick et al. (2001) coined the term mathematical proficiencydéscribe what
mathematics teaching should develop in learnerdewihi school. Mathematical
proficiency as described by Kilpatriokt al. (op cit) consists of five interrelated
elements or strands in their language viz:
e Conceptual understanding— comprehension of mathematical
concepts, operations, and relations
* Procedural fluency- skills in carrying procedures flexibly, accutgte
efficiently, and appropriately
» Strategic competence ability to formulate, represent, and solve
mathematical problems
» Adaptive reasoning— capacity for logical thought, reflection,
explanation, and justification.
* Productive disposition- habitual inclination to see mathematics as
sensible, useful, and worthwhile, coupled with &eban diligence

and one’s own efficacy [p. 116].

A closer look at these elements of mathematicalfipemcy shows that they
incorporate the knowledge i.e. numbers, operatent relationships, skills such as
representing, interpreting, analyzing, descritang others as well as values like love
of mathematics and curiosity which are being adiextdoy DoE (2002, p.4). In
addition, the notion of mathematical proficiencym®ms to bring together traditional
and reform oriented approaches as it picks up 8peds that were ignored or
deemphasized by each approach. For instance, itraalitapproaches emphasized
mastery of procedures at the expense of skill saghrepresenting, interpreting,
analyzing, describing, problem posing etc. (DoEQO20while reform oriented
approaches do the opposite. This notion gives mer& holistic picture of what the

teacher may endeavor to develop as she introddgebra as it includes both the



practices and the procedures. However, this stutpleys these elements of
mathematical proficiency with caution as they dda seem to completely help in
describing this teacher’s practice. For instanbeytdot not say anything about the
acquisition of mathematical language which seem$docentral to this teacher’s
practice as the analysis will show. It should béedahat mathematical proficiency
develops over time and that mastery of one strasdahdirect influence on the other

due to their interdependency.

Kilpatrick et al. (2001) and Pimm (1981) agree that fluency in mattes is
necessary although their perceptions of fluencymathematics seem to differ.
Kilpatrick et al. (op cit) advocates procedural fluency while Pinop €it) advocates
communicative fluency. This study will show anotf@mm of fluency that is required
in mathematics. | have termed tlasisnventional fluency In this form of fluency the
teacher makes explicit meaning of mathematical tiwwta(symbols and operations)
and teaches accepted mathematical ways of writgiggualgebraic language and
notation so as to make algebra accessible andbéerei her learners. The extract
below sheds some light on this issue. The boldgkgtvs how the teacher socialized
learners into the mathematician’s ways of writinging algebraic language and
notation while the underlined text shows how thé&ation was made explicit in this
practice.

Lineo® Ok, traditionally we always put up the numbers before he letter. So N2 is correct butve
prefer to write the number before the letters Also we don't write the times between a numbet an
the letter. When | write2n what are we assuming?... 2 tintes.

The same thing here with thé why did | write the curly ?

Mpho: we do not want a straight x

Lineo: Don'’t call it out.

Thaba inaudible

Lineo: Ok, as Thabo saidf,| were to write that as a straightforward x what does that look like?
times times 2 or xx2 doesn’'t make sense. So guymlgoing to be very strict with you, when you
write your X's, it is the only letter that you have to changel want you to write it as a curly X
neatly. You need to get into that habit. | will take affarks if you don't (Lineo, lesson 1, 07:32 —
09:00)

% Lineo is the name given to the teacher involvethis study. All the names that appear in this ytud
are pseudonyms.



| began this study with the hope that the strarfdmathematical proficiency would
be adequate in describing this teacher’s practimvever, on interacting with my
data, | realized that the strands of mathematioafiggency were inadequate as they
did not explicitly indicate how learners acquire@ehcy (conventional fluency) in
handling mathematical symbols which is highly dedeh in learning algebra as
learners have to perform calculations quickly affigctively. The issue of how
learners gain facility in handling mathematical $pis has also been left out by
proponents of reform oriented teaching. Throughfumher reading on Kilpatriclet
al.’s (2001) work, | found refuge in what they caltiaities of algebra. Kilpatriclet

al. (op cit) point out that when working within algebrthe five elements of
mathematical proficiency are subsumed in the falhgwactivities of algebra;
“representational activities, transformational ¢rblased) activities, and finally
generalizing and justifying activitiesp.256. It is these activities of algebra that |
finally employ in studying this teacher’s practioence it is worth discussing each of

them.

1.3.3 Activities of algebra

1.3.3.1 Representational activities

These activities require one to transform verbaformation into symbolic
expressions (Kilpatricket al, op cit). Since they demand one to engage in
formulating and representing information with algeb expressions or equations,
representational activities facilitate developmehtstrategic competence’. In order
to formulate algebraic expressions, one needs derstand mathematical “concepts,
operations and relations” (Kilpatrickt al.,op cit, p.116) as well as conventions and
notation thereof. = Consequently, representationetivites also enhance the

development of conceptual understanding.
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1.3.3.2 Transformational (rule-based) activities

Due to their rule-based nature these activitiea tor assist in the development of
‘procedural fluency’. Here one engages in transfogr(changing) expressions and/
or equations into their equivalent forms by exeuyta series of operations on the
original expression or equation. Symbol manipulatis central to transformational
activities. This category comprises of what Wheél®&96) terms actions of algebra.

1.3.3.3 Generalizing and justifying activities

These activities enable us to move beyond empiacgiments of arithmetic into
making generalization and justifications. For im&& in arithmetic one can cite
examples to show that the sum of two odd numbegeseés but it is not easy to show

that this holds for all numbers. Algebraically thieuld be generalized agp+ 1
+2x +1=2p+2x+ 2, where the key is recognition thatand p are whole numbers.
The last expression could be transformed into anvatent form 2(x+ p+1)which is

the general form of any even number. So this cayegbalgebraic activities includes

adaptive reasoning. Kilpatriak al (2001, p.258) argue that these activities

can provide insight into, for example, the underyimathematical
structure of a situation... they encourage studemtsdévelop
awareness of the role algebra can play in mathealatiinking. All
strands of mathematical proficiency come together these
activities...

Hence meaning of algebraic symbols resides in gdéimgrg and justifying activities
as they afford learners the opportunity to creagammng for the rules or learn when
to use them and why thus helping novices to “afordetting, unsystematic errors,
reliance on visual clues and poor strategic deessiKilpatrick et al, op cit, p. 259).
The above-mentioned activities of algebra are inguarin this study in that they help
me to realize that as | observe the teacher | nodyimectly see any of the elements
of mathematical proficiency as stated earlier batyrsee these algebraic activities

which encompass the strands of mathematical peoifagi.
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Traditional teaching, also known as transmissi@cheng (Boaler, 1997), of algebra
seems to have been over-emphasizing both représeaiaand transformational

activities of algebra at the expense of generatinadnd justification as it dealt

mainly with symbol manipulation. Proponents of ttesching approach ignored the
apparently most important feature of algebra — gdizéng. On the other hand,

proponents of reform oriented teaching pay morenétin to generalization and

justification activities of algebra. What | findteresting is that both approaches of
teaching mathematics, algebra in particular, sayhing about acquisition of

mathematical language which turns out to be ctitizahis study.

| find these activities of algebra to be critical this study in that they do not only
incorporate the strands of mathematical proficgebat they also include what
Wheeler (1996) termed activities (actions) of sdralgebra such as collecting like
terms, factorizing, expanding, substitution etdgebraic notation and conventions
thereof (Kilpatrick et al, 2001). For learners to be able to engage witsd
activities of algebra successfully they need toehavlanguage so that they can
communicate their thoughts in both written and gpoformats. Language facilitates
learning in that it enables learners to share tt@iughts and also functions as a tool
for thinking. It is through the use of a languabattteachers become aware of their
learners mathematical (mis)understanding. The tacéeities of algebra indicate that
learning and teaching mathematics is about martipglaymbols/numbers (found in
representational and transformational activitieshd aalso about using a
(mathematical) language to represent ideas, toulat® and solve problems (found
in generalization and justification activities). 8ow do teachers assist learners in
acquiring the language of mathematics which seenbe tcritical to their engagement
with generalization and justification activitiesafebra?

12



1.3.3.4 Reading/ Writing activities

In carrying out this study, | found that the algabractivities discussed by Kilpatrick
et al. (2001) do not fully capture this teacher’s praztis they do not deal with how
mathematical language is taught. To bridge this, dajound it necessary to add
another category which | have namm@ding/ writing activities. | had previously
called this category conventional fluency [see p8feThis category consists of all
activities (excluded in the above activities ofeddcp) that are intended to make the
mathematics (algebraic) register explicit to leasneln this case the teacher may
define mathematical terms, explain algebraic nota(symbols and operations) or
endeavor to attach mathematical meaning to the slgmbr operations used in

algebra. For example

Lineo: Looking at numberﬁis it the same asxn?Is that
correct?

What doe¥ mean?
Learner:nxn

Lineo:nx n_that would be perfec{Lineo, lesson 1, 07:21-07:31)

What does that dot mear? (Points at the dot between 2 and 4)
Learners: times

Lineo: times, you have seen that before?

Learners: some say yes, others say no

Lineo: yes, no. those people who possibly have seen it before,
again toprevent confusion instead of writing the times beazse
that might be confused with thexwe just write a dot (writes2+ 4)
as soon as you see a dot, it will mean a times. times 4, 4 times
2, the same difference. (Lineo, lesson 1, 23:2@23:

The underlined text indicates that the teacherx@osing learners to how to read
algebraic notation and write algebraically by inof more than one representation
of a square number. The bold text shows that thehtr attaches an algebraic
meaning to the dot so that learners could read rhaltiplication rather than a dot, a
full stop or a decimal point. Theading/writing activities in algebra incorporates
all activities regarding writing, reading, identiifig, interpreting notation hence it is

about being able to read and write.
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1.3.4 Algebra within the South African school curriculum
In South Africa, algebra is theoretically introddce learners at Grade 8. Teachers

could introduce algebra to their learners througinegalizing number patterns,
functions, problem solving and modeling (Usiskif98&; wheeler, 1996). The South
African Department of Education (2002) encouragectiers to introduce algebra
through number patterns. Osei (2005, p.5) contehds within the South African
school curriculum algebra is made up of “simplifyirexpressions, factorizing,
solving equations, functions and graphs, variablesd problems and others”. At
Grade 8, school algebra consists of “number patesolving linear equations,
graphs, algebraic expression and algebraic vocaul@oE, 2002, pp. 75-79). One
can see that school algebra within the South Africarriculum consists of
representational, transformational, reading/writiag well as generalization and
justification activities of algebra discussed ie fbrevious sections as early as Grade
8. It is therefore important to find out what kneg{je resources are put into use and
the work of teaching that the teacher wrestles witien introducing algebra through

a set of activities.

Curriculum shifts in South Africa require teacheaoschange their conception of
algebra and their teaching strategies. Traditignédlarners were made to be passive
recipients of knowledge in the form of rules aridkis of algebra aimed at getting the
correct answer. While this developed proceduraritty in learners as advocated by
Kilpatrick et al (2001), it de-emphasized the other strands ofhemaatical
proficiency hence products of traditional teachimegre lacking in some aspects of
mathematical proficiency as described earlier. &b learners are expected to take
a more active role in their learning by investiggtpatterns, making conjectures and
justifying them (i.e. learners are to work with gealizing activities) under the
guidance of the teacher. Teachers are expected todpe innovative and creative in
designing learning programmes that will help leasrie attain the expected outcomes
(DoE, 1997).
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1.3.5How isthe notion of algebra developed in schools?
Arithmetic symbols and words are not as manipulatals algebraic variables. The

flexible use of variables makes algebra to be wemyortant to humans in different
spheres of life. Algebra is a powerful tool whidndoe used to express relationships
accurately, clearly and concisely (Arcavi, 1995heTpower and conciseness of
algebra can be seen in cases where one needsdmlian patterns to get a formula
that can be easily applied such as in finding thtaltnumber of league games a
soccer team would play in a league with n teaneadh team has to play with each
other, home and away and hence to find the maximumber of points needed to
win the league if a team gets three points for @, wne point for a draw and zero
points for a loss.

According to Wheeler (1996) school algebra stattemwan attempt is made to find
an unknown number on which a given operation igepred and a given result is
obtained by making use of the symbols or letteeg @so Stacey, Chick & Kendal,
2004 - fruit and salad algebra). Most mathematigbboks use this approach to
introduce learners to equations, in particulardmequations. MacGregor & Stacey
(1997) point out that in Australia, learners fiesicounter algebra in Grade 7 or Grade
8. They argue that at this level learners are ‘hatg use letters to stand for unknown
or generalized numbers, frequently in the contdxtwoting formulas for number
patterns. TheyLearners|[italics added] are given the opportunity to ledwow to
write simple expressions and equations containgtigns, numerals, operation signs
and brackets” P.2. However, to most learners shglglgebra, symbols appear to
have little or no meaning. According to Wheeler @) algebraic symbols are very
important in mathematics, not only as means of &ging generalizations and as
tools for manipulating problems that might be d#ii to solve but also as a means of
thinking and drawing conclusions. It is therefomgoobrtant that learners are assisted
in developing meaning for symbols employed in atgednd seeing their significance
in communicating and expressing mathematical idéagearners investigate patterns

and justify their conjectures i.e. work with gerlmag activities, they construct
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meaning for the symbols. Hence meaning is linketth \generalizing and justifying
activities of algebra. The question that remainsthis study is; what meaning of

algebra are the learners in this study making?

1.3.6 Mathematical problemsin algebra
Research shows that learners experience diffisultidearning algebra. Wu (2001)

attributes these learning difficulties to poor feag of arithmetic in general and in
particular to low levels of understanding of fracts. Wheeler (1996) argues that
these difficulties arise frorfanguage He contends that algebra employs words and
symbols which learners are familiar with from amitktic. He further states that this
encourages the assumption that these variableseéxagtly the same meaning as in
arithmetic. In support, Schoenfeld & Arcavi (1988,420) argue that the concept of
variable is central to teaching and learning eldmmgr{school] mathematics and most
importantly “understanding the concept provides basis for the transition from

arithmetic to algebra...”

MacGregor & Stacey (1997) point out that novicesligebraconjoin terms which
can be linked with addition in arithmetic where $ots are superficially combined
and replaced by another e.§+5= wBich does not hold in algebra. Learners
difficulties in using the algebraic notation cowtso be attributed to analogies used
in other school subjects, everyday life and otreetof mathematics (MacGregor &
Stacey, 1996b, 1997). For instance, in Chem@tyO, =CO, but in algebra
ab#a+b. Ferreni-Mundy et al. (unpublished work, 2006) point out that
conventionsthat come with algebra often pose difficultieddarners until they learn
how the convention is read. Consider the notatifx+ 2) for the function g. Novices

often read this as g times+ . 3o as learners move from arithmetic to algebeg th

have to cope with notational changes.

Pimm (1982) argues that learners’ difficulties sarning algebra originate from

juxtaposition of symbols In arithmetic juxtaposition indicates place valigereas it
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means multiplication in algebra. For instance #2, r =5, q= th@n7pgr means

7295 in arithmetic andx2x9x &n algebra. Pimm (1982) further points out that

within algebra itselsymbol interpretation is context dependent since the symbol 2
is interpreted differently i2x and x*. Taking this point further MacGregor and
Stacey (1996a) argue that novices often interpretas twice x. They named this

kind of errorexponential notation for a product MacGregor & Stacey (1996a)
point out that some learners in their study uabbreviated words in formulating
equations/algebraic expressiofiitalics added]. They argue that this error intksa
that learners have not grasped the difference legtvetters as abbreviated words and
letters as representing quantities or variablessupport, Stacey, Chick & Kendal
(2004) point out that in such case “the teaclesitner [italics added] is viewing
letters as objects rather than variable” p. 82.yTpeint out that in a problem
consisting of T-shirts and Sodas, T and S were aseabbreviations in formulating

simultaneous equations.

The studies mentioned above (Wheeler, 1996; PinB2;,18MacGregor & Stacey,
1996a; 1997) suggest that the road to learningtaadhing algebra is pitted with
diverse mathematical problems hence it is importanine to find out whether this
teacher confronts these mathematical problems@mnuaw ones, and how she works

to solve them.

Both the curriculum and research seem to agreeallgabra is an essential part of
mathematics. However, one can see that attainiggbehic proficiency is not a

straightforward process. It is filled with erroreadamisconceptions that demands
engagement with the mathematical work of teachnmgnfteachers. It is therefore
important for the mathematics community to underdtdne mathematical knowledge
which teachers need to know and know how to usmder to introduce algebra in a

meaningful way to learners. The studies mentiorxV@ help me to be aware of the
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kinds of mathematical problems that may be con&dnby the teacher as she
implements activities so as to introduce algebr@rade 8 learners.

1.3.7 Categorizing mathematical problems that confront teachers of algebra
In section 1.3.6, | indicated that among the matteral problems that confront

teachers as they endeavour to teach algebracarmining and juxtaposition of
symbols Such mathematical problems crop up as a resudashers engaging with

algebraic activities (section 1.3.3).

On the other hand, Wheeler (1996) argues that nrattieal problems that confront
teachers originate from the language used in tagclalgebra [section 1.3.6].
MacGregor & Stacey (1996a; 1997) argue that theskel@ms originate from lack of
understanding of a variable, algebraic notationfrom analogies used in other
symbol systems, for example the Roman numeratistesyin which ix means 1 less
than 10. So we see that in this case mathematiodlgms that confront teachers
emanate from learners’ inability to communicateirttadgebraic thoughts clearly. In
this study, | have categorized such mathematicablpms asalgebraic language
problems. This category includes writing algebriycadefining, meaning of
algebraic symbols, use of letters (variables),rpreting/reading algebraic notation
and identification of terms, constants, coefficiett. These mathematical problems
could also crop up as a result of learners attergpd attach meaning to the new
algebraic notation (symbols and operations). Thedategory igeneralizing. These
arise as a result of learners engaging in more-epeed activities such as showing

that the sum of two consecutive numbers is alwalgs o

Before | conclude this chapter, | would like to qtodut that a lot of research has been
done on this topic [i.e. algebra]. For instancerddevics and Kieran (1980) carried
out a study on teaching algebra and focused onlbamers ‘construct meaning for
the concept of equation’, Schoen (1998) lookedoat tword problems could be used
in ‘teaching elementary algebra’, Pillay (2006)astigated MfT in a Grade 10 class
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learning functions, Blanton and Kaput (2005) stddeeGrade 4 teacher in order to
find out extent to which this teacher was ablentcorporate algebra reasoning into
her teaching. While my study has elements of tlstsdies, it also focuses on the

notion of nature of algebraic activities and math&oal problems.

1.4 Summary

In this chapter, | stated the research problemthadocus questions of this study. |
highlighted current debates that influence mathawmateaching and research in
mathematics education. | pointed out that theretweeviews on how mathematics

should be taught. One view emphasizes teachingulgfs rand procedures — a
‘traditional’ approach; while the other focuses teaching mathematics as a set of
practices — a ‘reform’ oriented approach. | indechthat DoE (2002) seems to be
advocating reform oriented teaching of mathematiésrther argued that Kilpatrick

et al.’s(2001) notion of mathematical proficiency bringe two approaches together.

| argued, however, that | had to shift away fromarstls of mathematical proficiency
in studying this teacher’s practice, as they cawtlexplicitly capture the teaching of
mathematical conventions, what | termed conventidhagency as well as the
language of mathematics which are critical to thiactice. While the notion of
algebraic activities covered conventions, it lefit ceaching of mathematical
language. As a result, | invented another categorgading/writing activities. |

concluded this chapter by categorizing mathemagicatblems.

In chapter 2, | discuss the literature pertinenthis study; in particular | focus on
discussing studies on mathematical knowledge fachieg (MKfT) and knowledge
resources that teachers draw on as they go abaiutatbrk. | also discuss the theories
that inform this study. | then describe the thaoadtframework of this study,

drawing from the theoretical field elaborated ina@ters 1 and 2.
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In Chapter 3, | discuss the methodological orieotadf this study. | specifically
focus on the selected case for this study, theumsgnts that were used in gathering
data and their limitations, ethical issues, rigouresearch and the data collection

process.

Chapter 4 shows how | chunked the data. | alsoribesmy recognition rules while

at the same time providing the data analysis. i thegage in identification of the
nature of activities used, mathematical work otheag, mathematical problems and
knowledge resources. | conclude this chapter bgudsing how Lineo sees her

teaching.

In Chapter 5 | conclude this study by pointing theé major findings of this study in
relation to research questions posed in Chaptethken discuss what MfT is in this
practice. | relate what Lineo does to the goalRNfCS and reform oriented teaching.

| also reflect on the study.
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Chapter two: Mathematics for teaching and theoretial framework

2.1 Mathematical knowledge for teaching (MKfT)

The idea that teaching mathematics requires a @l knowledge dates back to at
least Shulman (1986/1987) and his concept of Pegleajo Content Knowledge
(PCK). Shulman pointed out that teaching requimreswKedge that links content and
pedagogy. PCK is distinguished from other formskobwledge in that it brings
together content and aspects of teaching and tearRedagogical content knowledge
demands that teachers know the topics which lesrined difficult or uninteresting
and whatrepresentationsare most helpful for teaching such problematicasre
Pedagogical content knowledge is general to tegchence it may not address the
specific problems that arise in particular subje€tsr instance in mathematics the
work of teaching that teachers often encounterhat tof choosing and using
representationghat are appropriate to learners in a particuladegrlevel. This may
not be what a history or English teacher does shbr practice. Taking the idea of
PCK further Ball & Bass (2000) argue that mathensatteaching requires a
specialized knowledge which they named Pedagogicblseful Mathematical
Knowledge (PUMK). Unlike pedagogic content knowledghich requires teachers
to anticipate what learners might not understandl drave pre-formulated
explanations and alternatives, PUMK affords teazlar opportunity to do on-the-
spot analysis of errorsin learners’ mathematical ideas i.e. PUMK dealghwi

uncertainties in practice and so cannot be eaklyned for.

Polanyi (1958) cited in Ball, Lubienski & Mewborr2Q01, p. 448) argues that
“knowing mathematics in and for teaching requirese do transcend the tacit
understanding that characterizes much personal ledge”. One has to know why a
mathematical idea or algorithm is important and kimels of situations in which the
idea is applicable. Ball, Lubienski & Mewborn (20Q0argue that research has

previously focused on teachers’ knowledge of matitars to the extent of analyzing
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the courses taken by teachers. This was the rektite assumption that if teachers
have more mathematical content their learners wadth more mathematical
knowledge which would raise their achievement ighhstake examinations. They
further point out that a lot of research has beamedon teachers’ knowledge which
seems to bear very little impact on learners’ admeent hence there is a need to look
more closely at teaching. They argue that it is sudficient to look only at what
teachers know but also to look at how they knoanid what they are able to do in the
course of teaching that would enable them to temathematics well. Informed by
Ball et al.’s (2001) argument on studying teaching, this studgeavors to capture
one teacher’s everyday practice so as to desdnbenathematical work of teaching
that the teacher wrestles with, the mathematicalblems confronted, the knowledge
resources that the teacher calls on as she goes abowork and the nature of the
activities that she uses in introducing algebr&édo learners. So my study hopes to
add a practice based notion of mathematical woeathing by studying a Grade 8

teacher introducing algebra to her learners.

Ball et al. (2001) termed this knowledge which is requiredetmch mathematics well
Mathematical Knowledge for Teaching (MKfT). MKIfT isroader than PCK and
PUMK in that it requires teachers to work with theontent knowledge in its
unprocessed form or unfinished state i.e. teackkoaild unpack or decomprebs
(Ball, et al, 2001, Adler, 2005) their knowledge. The propdseri MKfT argue that
it is not only about how to do mathematics but about knowing how to use it in
the practice of teaching so that mathematics isssible to all learners. Badt al (op
cit) describe the teaching practice in general prmyide examples of the problems
that confront teachers as they go about their wadkter (2005) develops Badlt al’s
ideas further by looking at in-service teacher aggrg programmes in South Africa
and in the following section | focus on her study.

4 Means transforming ones knowledge into simplemfothat could be easily understood by learners.
Adler (2005) uses unpacking as synonymous to dewessmg. It also refers to knowing why a
mathematical idea is important and the situationshich it is valid.
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Adler (op cit) conducted a study in South Africaarder to synthesize a broad and
robust pool of information on how and what mathecsatvas being privileged in
teacher training programmes. The study was conduictehigher institutions that
offered teacher training programmes in five proemcThe focus was specifically on
mathematics for in-service qualifications and Adseth Certificate of Education
(ACE). The survey incorporated the analysis of sssent tasks given to in-service
teachers. The assessment tasks were intended toderinsight into which
mathematics knowledge was being privileged and t{ipe of mathematical and
pedagogical competences which teachers were exptectisplay (Adler, 2005). She
analyzed the courses and assessment tasks with whgervice teachers engaged to
see whetherunpacking was being advocated. She used the tempacking
mathematics to address skills such as explainioigjecturing, justifying, and others
which should be displayed by in-service teacherge Tstudy revealed that
compresset (pure) mathematics (Adler op cit) dominated assess$ tasks in
mathematics teacher education programmes. Unli@&eabiove mentioned study my
study focuses on one Grade 8 teacher in practicerder to understand the

mathematical work of teaching that the teacher dseshe goes about her work.

The above mentioned study suggests that teache toedecompress [unpack]
mathematics while teaching. Decompressing is tyyicet taught to teachers (Adler

& Davis, 2006; Adler, 2005). So it is important anteresting for me to explore how

a Grade 8 teachelecompressesiathematics as she endeavors to introduce algebra.
This would also afford me an opportunity to findt eechether this teacher confronts
any mathematical problems similar to those mentosalier or others and how she
deals with them as she attempts to make mathenzaiessible to her learners. In the
section that follows | discuss the mathematicalknadrteaching which this teacher is
likely to wrestle with as she introduces algebra.

® This is the mathematics which emphases knowlefigeosedures and concepts, it is highly
algorithmic. One does not necessarily need to kwbythe mathematical idea is important but must
master the procedure.
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2.2 Mathematical work of teaching

In the preceding sections | have argued that teaclkkenfront a number of

mathematical problems that require them to engaitje tive mathematical work of

teaching (see chapter 1Ball, Bass & Hill (2004) developed eight categories

describe the mathematical work of teaching thathiees wrestle with on daily basis

and stated them as follows:

Design mathematically accurate explanations th& esmprehensible
and useful for learners
Use mathematically appropriate and comprehensibeliindions
Represent ideas carefully, mapping between physcagjraphical
model, the symbolic notation and the operationracpss
Interpret and make mathematical and pedagogicab@ments about
students’ questions, solutions, problems, and hisig (both
predictable and unusual)
Be able to respond productively to students’ matieral questions
and curiosities
Make judgements about of instructional material amobdify as
necessary
Be able to pose good question and problems thatpewductive for
students’ learning
Assess students’ mathematical learning and takeee step.

(Ball, Bass & Hill, 2004, p.59)

This study draws on this work to analyze the mathtéral work of teaching which a

Grade 8 teacher did when introducing algebra. taz& Adler (2006) used a similar

framework in studying the MKIfT that is needed t@de probability in a South

African context. In order to carry out their stu#§gzima & Adler (op cit) condensed

Ball et al’s (op cit) eight kinds/elements of mathematicalrkvof teaching into six.

They argue that some of the elements in Bakl. (2004) were overlapping and that
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in their study some elements occurred together.aA®sult they ended up with
explaining, questioning, representing defining, restructuring tasks andworking
with learners’ ideas as elements of mathematical work of teaching teathers
grapple with. It is these six elements of mathecaativork of teaching that | employ
in studying the practice of a Grade 8 teacher withi South African context. In
Kazima & Adler’s (op cit) study the categomprking with learners’ ideas entailed
« Interpret and make mathematical and pedagogicagj@ments about
students’ questions, solutions, problems, and htsig (both
predictable and unusual)
* Be able to respond productively to students’ ma#teral questions
and curiosities
* Assess students’ mathematical learning and ta&enéxt stegBall et
al., 2004, p.59).
In this study, it mainly consists of respondinddarners questions and engaging with
learners’ responses. Bat al (2004) and Kazima & Adler’s (2006) work played a
pivotal role in this study by pointing out the kil mathematical work of teaching
that this teacher is likely to wrestle with. Whileese researchers acknowledge that
teaching mathematics often confronts teachers mtthematical problems, for
instance, Kazima & Adler (op cit) indicate thattheir study involving probability
the mathematical problem that confronted the teaslas ‘working with unexpected
answers’ p. 52, they do not explicitly talk aboutai enables teachers to engage with
mathematical work of teaching. Pillay (2006) andekd& Pillay (in press) studied
Nash’s practice as he taught functions in a Grdlleldss. They develop Kazima &
Adler's (op cit) work further by showing that Naslustained his practice by
appealing to a range of knowledge resources thay tballed curriculum,
mathematics and experience In their language Nash drew on these knowledge
resources to sustain his practice. In the sectibasfollow, | discuss each of these
knowledge resources that may avail themselveset¢etficher in this study.

2.3 Knowledge resources
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2.3.1 Experience

As a knowledge resource it availed itself as evayykhowledge (here mathematics is
integrated into the everyday life experience ofriees and the teacher), professional
knowledge and authority (Pillay, 2006). By professil knowledge, | refer to the
knowledge of mathematics that is gained throughmlag and teaching mathematics.
Everyday knowledge refers to that knowledge whishfaund in everyday life

activities.

Unlike the other forms of experience, authdrity dictative in nature and gives the
knowledgeable person (in this case a teacher) powarthe less knowledgeable. S/
he is the sole custodian of the (mathematical) kedge to be acquired. S/he dictates
what is accepted in the community of practice.sloften indicated by the use of
phrases like ‘I want, | say, you should’ etc. Theestion for this study is: does this

teacher call on this experiential knowledge?

2.3.2 Mathematics

According to Pillay (2006), mathematical knowledgeéNash'’s practice availed itself
in the form of rules and conventions, empirical uangnts and definitions in
mathematics. In mathematics, arguments are cleds#s empirical, theoretical and
algebraic (Brodie, 2000). Empirical arguments ugangles or instances of the
concept under discussion to convince oneself aeati. Theoretical arguments are
usually based on a defining property or charadterid the concept under discussion
(Brodie, op cit), for example odd numbers end i8,15, 7 or 9. Algebraic arguments
employ variables, and refer to the general rathan the specific. The questions that
remain for this study are (i) does this teachewdra these mathematical resources or
others? (ii) For what purpose does she call onethesd (ii) what categories does

mathematics has in this practice?

® In this study authority has been placed under gapee for convenience and ease of analysis
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2.3.3 Curriculum

Curriculum as a knowledge resource for this tea@wailed itself in the form of
assessment i.e. tests and exams (Adler & Pillaypress) and teaching materials
(textbooks and worksheets). When teachers dranssesament to legitimate text for
their learners they may talk about not awardingyrhdrks or taking marks off as this
is what is usually done in exams or tests. Wheernefg to curriculum in the form of
teaching materials teachers might refer learnerdetiinitions or examples in the
textbooks. In this case, the teacher fixes meabintglling learners that this is what
it is because it is required in the exam like thrathe textbook says so. Teachers have
considerable knowledge of what is in textbookslaky] examsetc. which they can

call on to fix meaning for their learners.

This study hopes to add to MKfT by applying the-gatt framework in studying the

work of teaching that a Grade 8 teacher does, th¢hematical problems that

confronts her and the knowledge resources thatalieeon when introducing algebra
in a South African context. The above mentionedwedge resources inform me as
to what is likely to come up in this study. | ndtewever, that since | am dealing with
a different teacher, in a different school and gratie teacher might draw on other
knowledge resources. In the section that followtsstuss the theoretical orientation

that underpins this study.
2.4 Theoretical orientation

In this study | employed two broad educational thesonamely situative learning
theory and Bernstein’s sociological theory of pextfg discoursé Situative theory
allowed me to explain that | am looking at a spegifractice. Bernstein’s theory of

pedagogic discourse provided me with the analgiodstto see this specific practice

" This study forms part of a large study on mathémsafor teaching in teacher education and
mathematics classrooms which falls under the QUANThoject directed by Prof. Jill Adler at Wits
University. Hence the analytic tools used in thisdg are borrowed from QUANTUM project. See
Adler & Davis (2006)
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so that | could describe it. In particular, theiootof the evaluative rule was key to
organizing and categorizing data.

The assumption underlying all studies discussedvabis that mathematical
knowledge for teaching is situated in teaching ficac Similarly, an assumption
underlying my study is an orientation to knowledg® situated. This means that
MKITT is specific and situated in teaching pract{éeller & Davis, 2006). It is shaped
by the practice as the teacher interacts with bohmathematics she is attempting to
teach and the learners as they engage with theematits and their learning of it.
According to Lave and Wenger (1991) learning isréasing participation in a
community of practice (see also Lave, 1993, Wen@688). This entails having
access to the resources offered by the commumtynathematics, learners need
opportunities to engage with mathematical actigiteo that they can “talk within
their mathematical practice” and “talk about th@athematics ideas” (Adler, 2001,
p.96). Hence mathematics teaching involves matheatatork of teaching which is
unique to teaching the subject. Situative theongesv mathematics as a set of
practices which mathematicians and users of mattiesn@ngage with. The RAND
study panel (2002) points out that such practieetude justifying, representing,
generalizing, symbolizing, analysing, interpretirdgscribing and communicating
ideas ( see also Brodie, 2000, DoE, 2002). As &arangage in these practices they
develop a deeper and more powerful ways of undeistg and doing mathematics
which could be used beyond the classroom (Boa8937)L So it is therefore clear that
teaching mathematics is about affording learnensodpnities to engage in these
practices. Hence the teacher’s teaching practioaatébe studied in a vacuum. It has

to be studied within pedagogic practice.

As this study forms part of the larger QUANTUM proj and is shaped by its
methodology, | draw on the recontextualization efristein’s sociological theory of
pedagogic discourse from the QUANTUM project in eleping my analytic tools

(Adler & Davis, 2006). Before | turn to Bernsteihwish to discuss my research
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questions and some theoretical constructs thatised in this study. First, it is clear
that | am trying to answer questions about the neatd activities. | have discussed
this in section 1.3.3. They are representatiomahsformational, reading/writing and
generalizing and justifying activities. These fopart of my theoretical framework.
Secondly, in sections 1.3.6 and 1.3.7, | discussedhematical problems that
confront teachers in algebra classrooms. | categdrthese mathematical problems
as either manipulating algebraic symbols probleahgebraic language problems or
generalizing. Thirdly, | also need to talk abowg thathematical work of teaching that
this teacher grappled with as she introduced adgdtor this part of my framework, |
drew on Ballet al. (2004) and Kazima & Adler (2006) [see section 2LZstly, one
can see that as teachers endeavour to teach altfeyaneed to convince learners as
to why it is important that they learn what is lgeitaught. In order to do these
teachers appeal to some authority or what Adler Rildy (in press) have since
termed knowledge resources [section 2.3]. All thibs®retical constructs form the
lens that is used to look at this teacher’s practiic order to study teaching practice,
one needs a theory of practice. As mentioned abiovihis study such a theory is
drawn from the QUANTUM project which recontextuatz Basil Bernstein’s

sociological theory of pedagogic discourse.

According to Bernstein (1990, 1996) pedagogic disse is composed of three
interrelated rules viz. distributive rules, recotitelizing rules and evaluative rules.
In this study, | find the notion of evaluative rsi®® be more illuminating and relevant
in that in every instructional communication teash&énd themselves evaluating
learners’ responses and contributions in order aerexplicit the legitimate text to
be acquired and to move them on. Singh (2002, p.5A3support argues that
“evaluative rules are concerned with recognizing idwunts as valid acquisition of
instructional (curriculum content) text’Pedagogic discourse is relayed through a
‘specific code’ that encompasses specialized costesuch as mathematics
classrooms (Morais, 2002). In these classroomshégacendeavour to equip their

learners (acquirers) with recognition rules andization rules (Bernstein, 1996).
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These rules enable the acquirer to produce thérege text. A text in Bernstein’s
(1996, p.32) language is “anything that attractal@ation”. Adler & Davis (2006)
drawing on Bernstein (1996) points out that evadumatcondenses meaning and
transmits the criteria through which learners dbotions and responses are judged
in a pedagogic communication. In a way evaluatioorke to control both the
transmission and acquisition of valid knowledgealdation by the teacher alerts us
to what is regarded as valid knowledge to be aeduirence in a pedagogic practice,
teachers transmit criteria to their learners of wdwunts as valid text or knowledge.
In order for teachers to do this, they make judgasidrom time to time. So
according to Bernstein’s theory of pedagogic disseueachers convey to learners
what is to be learnt, and the key into attaininig i evaluation. Evaluation helps
teachers to ground or fix meaning (Adler & Davif08) for the knowledge to be
acquired. In this way teachers communicate (imgficr explicitly) to learners as to
why they are to learn what is being taught. My mtiten here is not to elaborate on
Bernstein’s theory of pedagogic discourse as thidone in the QUANTUM project
but to point out that it forms the broad lens iaised in studying this practice and to

show that | am not using the entire theory but mioem the centrality of evaluation.

As pointed out earlier, my study demands thateintdy the nature of algebraic
activities, mathematical problems, work of teachamgd knowledge resources. So
what this demands of me is that | chunk the cadiéaiata into evaluative events
(Adler & Davis, op cit). An event consists of adkar attempting to transmit or teach
some knowledge and grounding or legitimating thadvidedge. In this study, what
the teacher wanted learners to know was conveyedigh algebraic activities. This
implies therefore that in an evaluative event thisrat least one algebraic activity
involved in the transmission of knowledge. In order manage these activities
teachers engage with the mathematical work of tagcfsection 2.2] and call on
various knowledge resources [section 2.3]. Sorntifled instances where the teacher
evaluated her learners. These marked the end advalyative event, i.e. my unit of

analysis. In the section that follows, | presesmttiteoretical framework for this study.
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2.5 Theoretical framework

In the previous sections, | engaged in discussiothe theoretical constructs that |
use in this study. Figure 1, illustrates the thioaé framework that is used in this
study. Central to this framework are mathematicabfems that are confronted by
the teacher as she went about her work, the matieahevork of teaching that she
grappled with, the knowledge resources that sHedccah and the algebraic activities
which learners were exposed to in relation to #eearch questions posed in section
1.2. I would like to acknowledge the partialaf/this theoretical framework. While it
enables me to study this teacher’s practice wisipeet to the research question, it
conceals the complexity of the teaching practioe tuits linear nature. A closer look
at this theoretical framework shows that for evafgebraic activity, the teacher
confronts mathematical problems, engages with tlekvof teaching and makes
appeals. Practically, this is not the case sineetéfacher may choose to ignore an
emerging problem in which case s/he may not wresitle the work of teaching and
does not call on any knowledge resources for thethematical problem. Although
the mathematical problems, work of teaching, knogke resources and algebraic
activities are distinct in this theoretical framaWwothey are contained in an event.
The theoretical framework also does not to show ifttae teacher grapples with the
work of teaching s/he ends up drawing on the kndgéeresources to fix meaning. In
other words, the interdependency and connectedrigsathematical problems, work
of teaching and knowledge resources and the cyaiare of the practice are not
explicitly shown in this tool. So this tool is apresentation of what happens in
practice and is used to examine particular questi@mce it is partial.

Theoretical framework for this study

Pedagogic device Mathematical problems
- Manipulating algebraic symbols
- Algebraic language
Evaluatior - Generalizinc

Nature of algebraic : )
Mathematical work of teaching

activity TE It
v - Representational - Explaining - Defining
Event - Transformational »| - Representing .
> - Reading - Questioning - Restructuring
- Generalization and - Working with learners’ ideas

iustificatior



Figure 1, Theoretical Framework

2.6 Summary

In this chapter, | discussed MKIfT. | indicated thKfT dates back to Shulman’s
(1986/7) notion of PCK. | also discussed one sty KfT which | found pertinent
to this study. | highlighted its importance andevance to my study (see section
1.2). Studies in mathematics education have a yhmat informs them, so too this
study. This study assumes that mathematical kn@eléaor teaching is shaped by the
interactions of learners and the teacher hencéntwetical lens used in this study is
provided by Bernstein’s sociological theory of pgogic discourse. Lastly, |
embarked on describing the theoretical constructeaognition rules that | used in
interrogating the data. In the following chapter,discuss the methodological
orientation of this study, the selected case, umsémts and the data collection

process.
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Chapter three: Methodology

In this chapter, | discuss the research methodsimstduments that were used in
gathering data for this study. | also deliberatettua sample that has been used and
ethical issues. The limitations of both the reseapproach and instruments are also

discussed.

3.1 Methodological orientation

Taking into consideration the research problem umueestigation and the research
questions, this study would best be classified utieinterpretive paradigm (Opie,
2000, Cohen, Manion & Morrrison, 2000, Merriam, 199&ccording to Merriam
(1998) researchers within this paradigm are intecesin the experiences,
interpretation or in discovering factors that digtiish people rather than testing
hypotheses. Coheat al. (2000) argue that

the central endeavour in interpretive paradignoisriderstand the subjective
world of human experience, to retain the integafythe phenomena being
investigated, efforts are made to get inside thesgreand understand from
within p. 22.

The purpose of this study was to gain insight iit® Mathematical Knowledge for
Teaching in use in introducing algebra to GradeaBriers in a South African context.
This was done by investigating the mathematicalblgms that confronted the
teacher, the nature of algebraic activities udsel pathematical work of teaching that
she grappled with as she went about her work at agethe knowledge resources
called on by the teacher. A qualitative approaets found to be the most suitable
approach as it assumes that meaning is entrenohgebple’s experiences (Merriam,
op cit). In this study | looked at the actions (Wwivas said and what was done) of one

teacher as she introduced algebra to Grade 8 Isarne
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The research method which seemed to best suiteppoach was the case study.
Merriam (op cit) argues that “a case study desigrused to gain an in-depth
understanding of situations and meaning of thogelwed” p. 19. She further defines
a case study as “an intensive description and aisabf a single unit or a bounded
system such as an individual, program...” p.Opie (2004) elaborates this point
further by arguing that a case study can be vieagean in-depth study of interactions
of a single instance in an enclosed system. Indthidy, the case is the teacher being
studied while the Grade 8 classroom and algebra fbe boundary within which the
teacher and the learners interact. In support, Y. €8897) would argue that my study
is intended to collect an extensive amount of vieda#a from a small number (one

Grade 8 teacher) of participants hence it qualifielse a case study.

As mentioned earlier, this study is qualitativenature. It focuses on one Grade 8
teacher in a particular school. Merriam (1998) wloatgue that this study seeks to
provide a ‘thick and rich description of the teasheactions’. Merriam (op cit)
further points out that the descriptive data caéidcwould be “used to develop
categories or to illustrate, support or challerge theoretical assumptions held prior
to data gathering” p.38n this study data is used to illustrate the mathiseral work

of teaching that the teacher did as she introdaggebra.

Although this study is qualitative, |1 quantifiednse of the data in relation to the
aspects of mathematical work of teaching descrimgdall, Bass & Hill (2004),

mathematical problems [see section 1.3.7], knowdedgsources that the teacher
draws on (Adler & Pillay, in press) and activitiesalgebra (Kilpatricket al, 2001)

that were used to introduce algebraic concepts#a&8 learners. This quantification
illuminates dominant trends in the mathematical kwaf teaching the teacher
wrestled with, and those that were absent, the ledye resources that were put to

use and the activities of algebra that were likelppe enhanced.
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In this study, | looked at the actions of the teacfwhat she did and said) when
introducing algebra so as to assist Grade 8 lemrimermaking a transition from
arithmetic to algebra. This study was not mearitriplement changes as a result of
its findings but to help the researcher to undedstadescribe and explain the
mathematical work of teaching that a Grade 8 teadj@ppled with when
introducing algebra. This study is therefore aimad shedding light on the
mathematical knowledge for teaching employed bg teacher when introducing

algebra to Grade 8 learners.

3.2 Limitations of case study

Advantages of case studies are also their disadgast While they have depth, case
studies lack breadth (Ary, Jacobs & Razaveih, 1990us the dynamics of one
individual [one teacher in one class in this casely bear little, if any at all,
relationship to dynamics of others in different mxts. This study could also be said
to be limited in terms of sample size [involved yowine teacher observed over a
week] hence its findings cannot be generalized tteeroteacher or even to this
teacher’s overall practice as | only observed loerohe week [four lessons in all].
However, Opie (2004) warns that a case study issefull form of research
particularly to teachers. Opie (op cit, p.5) substdes this point by citing Bassey
who argues that the value of any educational rebeisr “the extent to which the
details are sufficient and appropriate for a teaaherking in a similar situation to
relate his/her decision to that described”. Merrid@®98) argues that although a case
study is a rich, thick description and analysisagfhenomenon and might influence
policy, it “may be too lengthy, too detailed or towolved for busy policy makers

and educators to read and use” p. 42.

3.3 The selected case
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Another characteristic of a qualitative approachttiwvas used in this study is
purposeful selection of participants (Leedy, 199He sample (teacher) can be seen
as opportunistic angurposive samplingCohenet al, 2000, p.103). According to
Cohenet al (op cit) in purposive sampling, the researchesusis/her judgement to
handpick the sample that is typical to his or Imenest. In support, Merriam (op cit)
argues that this sampling strategy is used whenréeearcher wants to discover,
understand, and gain insight into a phenomenon ffgegteacher’s teaching practice).
Patton (1990) cited by Merriam (op cit, p.61) aguleat “the logic and power of
purposeful sampling lies in selecting the inforrmaatrich cases for study in depth.
Information-rich cases are those from which one lesmn a great deal about the
issues of central importance”. The sample is oppistic and purposive because |
was linked to this teacher by a PhD student at &lsity of the Witwatersrand (Wits)
who happened to know my interest and that of theher. In addition, | wanted to
‘gain insight’ into the nature of algebraic actieg that this Grade 8 teacher uses in
introducing algebra, the mathematical work of téaghshe grapples with, the
knowledge resources she calls on as well as thieamettical problems that confronts
her as she introduces algebra (without necesggailgralizing to other teachers). It is
important to mention that this teacher is competeighly qualified and works in a
highly respected school. These characteristich®ft¢acher constrain generalization

as teachers would have to be matched in almostsgkcts.

Moreover, the teacher was willing and interestediamking with me in exploring her
typical teaching of algebra to her Grade 8 learneusthermore, the school in which
this teacher works was easily accessible to theareber as it is closer to the
researchers’ residence and school. As it has begrioned earlier, the main purpose
of the study is not to evaluate her teaching bue#wn from it by making analytic
judgements of what mathematical work of teaching tdacher wrestled with when
teaching algebra. | observed her for one week amdiucted three interviews with

the teacher.
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Merriam (1998) argues that in order to use purpos@mpling one must determine
the selection criteria. Cohezt al. (2000) expatiate this point further by arguingttha
the quality of any research writing is not onlyntad by the exactness of
methodology and instrumentation but also the prati®f the sampling strategy
employed. In the light of this and taking into agobthe purpose of this study and
the motivation of the QUANTUM project, of which thstudy is part, | designed a
selection criterion that was to assist me in haic#lipg the ‘information rich case’.
The criterion entailed; qualification [at least @gdee with mathematics as a major],
teaching experience of at least 3 years at thisl levillingness to participate and the
teacher was to be currently teaching Grade 8 mattesn Grade 8 was included
because that is where at least theoretically algbbgins (Department of Education,
2003).

Participants in this study came from a secondahpaicin Johannesburg. Data was
collected from one teacher, in one class at a yittioning, reputable private
secondary schoolThe selected case for this study consisted of ahenadtically
qualified teacher. Linéohas a B.Sc. degree in Mathematics and Chemist§¢.B
(honours) in Chemistry, a teaching diploma, a @eatie in Adult Basic Education
and she is currently furthering her studies in Bdwmh of Commerce. Lineo’s
qualifications reveal that she is more qualifiedGhemistry than in Mathematics

though she has been teaching Mathematics for tagsy In regard to this Lineo said:

[TT = Interviewer]

TT: Why are you not teaching Chemistry then?

Lineo: It's funny; many people ask me that becatsam more
qualified in Chemistry than in Mathematics. Chenyiss a subject
only in my head. | haven't figured it out. If sonoely may come now
with a question | have to think, but if somebodymeo with a
Mathematics question | will be able to do it. (€@ post-teaching
interview, L72 — L78)

8 Lineo is the pseudonym of the teacher involvethis study.
° The interview transcripts extracts that are usethis study are reference by name of interviewee,
title of interview and lines, for instance, (Lingmst-teaching interview, L111 — L119) means that t
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The excerpt indicates that for one to teach a stibppualifications alone are not
enough. One should have understood the subject thaneother users of the subject
or in Lineo’s description one must have ‘figuredt’ othe subject. Teaching as
described by Adler (2005), Ball &Bass (2000) and| B4 al (2004) demands that
one unpacks the mathematical knowledge so thate@ormnes accessible to the

novices.

Lineo is a White female teacher who speaks Engissher first language. Lineo is an
experienced teacher who believes that she usesr@&fivented teaching. In her five
years of teaching, Lineo has taught MathematicsnfrGrade 8 upwards and
Additional Mathematics from Grade 10 to post Mateeel. She teaches in a private
boys’ school. The language of instruction and comigation in this school is

English. The school can best be described as raliliral. There were 24 learners in

Lineo’s class.

Lineo’s class is highly resourced. She has a coenpan overhead projector and a
white board. Lineo also has access to curriculucudents, recent textbooks both
local and international, for instance; she has gapmtextbook and an algebra
textbook from the United States of America (USA)addition to these, Lineo seems
to be a creative teacher. The walls in her clagsra@re decorated with posters for
polygons, trigopnometric identities, etc, what skuey attention most on the first day
of data collection was the sequence: “Thursd&yMay, the time and date will be 01:
02: 03: 04 /05 /06 this will never happen agdinheo, classroom posten) asked

Lineo what led her into thinking about this sequenshe explained that they were
doing sequences and she thanked her boys for tagdter statement by indicating

that this would happen in the next millennium.

extract comes from the post-teaching interview cmted with Lineo and that the extract was taken
from line 111 to line 119. in using these extrattemphasize certain points in Linoe’s practice by
underlining, italicizing, bolding or by using arbination of these to mark the illustrative text.
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The data collection process took place in the sg&¢éerm of the school calendar, from
the 11" to the 14 July 2006. On the first day | interviewed Lineoid®; before
observing her and after the lesson. During the fessthing interview she indicated
that in the school each teacher was expected tprb&ctive and that they work
independently most of the time (see section 4.bnsequently, the findings of this
study cannot be extrapolated beyond this case.

3.4 Instruments

Qualitative approaches usually usmngulation (Opie, 2004) i.e. use of more than
one instrument in collecting data. This study was axception as it employed
interviews with the teacher, two of which were coctgéd on the first day of data
collection while the third (follow up) interview waconducted when all the data had
been collected. | also observed this teacher foeak. Interviews were audio-taped

while all classroom observations were videoed.

3.4.1 Interviews

Opie (2004) argues that the kinds of interviewsilabs®e to researchers lie in a
continuum ranging from structured to unstructuretkrviews. Coheret al (2000)
elaborate this point further by saying that intews differ mainly in “degree of
structure, which, itself reflects the purpose o thterview” p.270. In this study a
semi-structured interview was employed due tol@gilbility as it would enable the
researcher to probe for more insight in an ideae@gp cit), in support, points out
that a semi-structured interview allows for depthfeelings to be ascertained by
providing opportunities to probe and expand therinewee’s response. He further
points out that the main advantage of semi-strectunterview is that it allows the
researcher to clarify questions or change the wgtdio deviate from the pre-
arranged questions depending on the intervieweesponse. Moreover, a semi-
structured interview provides the overall shap¢hefinterview and prevents aimless

rambling (Opie, op cit).

39



Cohenet al (2000) argue that interviews are conducted fonerous purposes, such
as “to evaluate or assess a person in some respégtgather data as in surveys or
experimental situations” p.268. In this study, tperpose of interview was
multifaceted. First, interviews were conducted mdev to probe the teacher on the
mathematical problems that confront her, the mattima work of teaching that the
teacher wrestled with and the knowledge resourhescalled on when introducing
algebra to Grade 8 learners. Secondly, Interviewsevalso aimed at finding the
teacher’s interpretations of the activities suiabdr introducing algebra. Thirdly,
interviews were used to collect biographical infaton of the teacher. Lastly, the
information gathered through interviews was to aborate my interpretation of what

| observed.

The pre-teaching interview provided me with infotima about the activities that the
teacher was going to use, in particular what sheteeato achieve by engaging her
learners in these activities and how she was tdhesa. In addition, the pre-teaching
interview was to probe the mathematical work otck#ag which the teacher could
have tackled and the knowledge resources that cdoaleg been called on by the
teacher in anticipation of learners’ errors. Durthg pre-teaching interview, | asked

her, “what do you think will be interesting or cleaging for the learners?” She said,

... today is about differentiating betweerand x*. They get confused
what the 2 resembless®is xtimesx. There are two lots ok and |
will clarify today so that these boys do not stheggvith these
concepts. Thex”versu2x. And the other goal is to try and make
them understand thakywill bethesameasyx (Lineo, pre-teaching

interview, stanza 8).
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Lineo’s response indicates that she anticipatetl ld#mners would have problems
with what MacGregor & Stacey (1996) have termedosenmtial notation for a
product and also the commutative property of mlitiition. Hence she seems to

have preformulated ways of explaining or clarifyagshe puts it.

| also conducted a follow up interview (after detdata was collected) with Lineo.
This was aimed at probing Lineo on the issues (e&sg.of definitions, misconception)
that | found critical during observation and anaysf the collected data so that she

could clarify thus refuting or confirming and inpeetations of what | observed.

3.4.2 Observations

This study investigates MKfT with specific focus thre mathematical problems and
mathematical work of teaching which Lineo grappleidh as she went about her
work. Since knowledge is situated in practice amdhaped by human interactions
and context, | had to observe the teacher whilehieg. | thought that this would
afford me an opportunity to gain more insight intat mathematical knowledge
came into play as the teacher interacted with ¢aeners. In support, Patton cited in
Cohenet al. (2000) argues that observation affords the rebearthe “opportunity to
look at what is taking place in situ rather tharsetond hand” p.305. Cohen al.

further point out that observation

enables researchers to understand the contenteos$itiation [own
world]... to see things that might otherwise be urstously missed,
to discover things that participants might not liyetalk about in
interviews... p.305.

Observation was corroborated with the pre-teacmitgyview (section 3.4.1) which
might have been too artificial on its own sinceisgyis one thing and doing is
another. In actual fact, my experience as a tedwaeitaught me that what transpires

in the classroom is a socially constructed realiggotiated by the participants and
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the environment. Thus, in this study, observatioaswegarded as the main
instrument as it was able to gather unrefined data.

Cohenet al. (op cit) indicate that the kinds of observationattcan be carried out by
a researcher lie in a continuum ranging from “wnstired observation to structured
observation” p.305. They further point out thagihighly structured observation the
researcher knows in advance what is to be obseara has pre-formulated
categories. This study therefore employed strudtureservation in collecting data
since the categories had been formulated in advaooe the literature. Hence the
observation schedule was developed in advance Afpendix 1). However, | was
aware that the categories formulated using thealiiee might not be exhaustive or
could be too specific, so | was open to new ideamfmy further reading of the
literature or from the data itself. Also these ndeas could emerge from the piloting
of instruments and from observing the teachersctmra. | constructed the
observation schedule in such a way that | coul# tlee mathematical work of
teaching which the teacher grapples with in eachitlute interval. This gave me the
opportunity to see which elements of the matherabtork of teaching were more
dominant in each lesson. During the observation dden comments on the
mathematical problems that confronted the teachértlae knowledge resources that

she called on.

In order to carry out the observation successfuthad to assume a certain position
during data collection. Cohest al. (2000) suggest three roles which might be taken
by the researcher. They argue that these roles Iee continuum from “complete
participant ... to complete observer” p.305. OpieO@0classified these roles into
two main categories namely; participatory and nartipipatory roles. Opie (op cit)
further warns that a non-participatory role is idifft to maintain in a familiar
environment. | found this to be the best role fa& because firstly, | wanted to be as
less intrusive as possible and secondly, the sairodronment was unfamiliar to me

as | was there as a researcher only. So my rotkerdata gathering process could
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best be described as non-participatory-1 had “rteraction with the participants
during data collection” (Opie, 2004, p.128). Thidergave me the opportunity to jot
down incidences (mathematical problems, mathematieark of teaching and
knowledge resources) as they occurred during tegote Assumption of this role
seemed to have been facilitated by the fact thahdhe learners were allowed to
appear on the video which led the teacher into ntaki new sitting arrangement. In
addition to this there were extra desks. This esdlvhe to sit at the back of the
column with the fewest learners and apart fromle¢laeners. My sitting position at the
back helped me to avoid being engaged in the @assgities. Moreover, | did not
show interest in what was going on in the classstMmportantly, | evaded eye
contact since | believed that if I do not look arxdu might not be involved. When |
was talked to | politely referred the learner te teacher. Merriam (1998) argues that
“knowing when and how to intervene is perhaps tlstnperplexing ethical dilemma

facing qualitative investigators” p. 215.

Apart from using a structured observation schediiech was mainly used to help
me focus attention during the lesson as | startehtifying (analyzing) the teacher’s
actions, | video recorded all the lessons (fousdes) observed. In support of video
recording, Opie (op cit) argues that video recagdioffers the researcher the
opportunity to make sense of the non-verbal behavidoheret al. (2000) point out
that

Comprehensive audio-visualch as video-recordinftalics added]
can overcome the partialness of the observer's wéwingle event
and can overcome the tendency towards only reaprtii@ frequently

occurring events. p.313.
Over-and-above, | felt that video recording wouftba me the opportunity to see

the events as they occurred long after leavingsiige Hence re-analysis of the lesson

would be possible which | thought was essential dbecking my interpretation,
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explanation and description of the MKfT neededntraducing algebra to Grade 8
learners. In this way, | endeavoured to ensurebgiiy and trustworthiness of the
results. Also using a video helped me to capturestnod the interactions and
conversations that went on between the teacheremrder(s) which I might have

missed during observation as | focused more oricpdat events, for example, the
mathematical work of teaching as these were alrgaallydefined from the literature.

Observation mainly sought to identify the matheoatwork of teaching (refer to

Appendix 1) wrestled with as the activities werénggmplemented. The observation
was also focused on whether the teacher was aloigplement the activities in a way
that promoted the development of algebraic acéigsiin learners, and if so how this

was done and if not what mathematical (and oth@f)lpms constrained this.

3.4.3 Piloting instruments

Having developed the instruments, the next step twasheck whether they would
work as anticipated. According to Coheh al (2000) the purpose of piloting
observation schedules is to ensure that “The catgdor the observation are
discrete, i.e. there is no overlap between ther80f. Opie (2004) adds that one
should carry out a pilot study to weed out any auibies in the questions and to
check the length of the interview. Cohehal. (op cit) takes this point further by
arguing that as there would be many categoriesetedanned very quickly during
observation, “the researcher needs to practice &img the schedule until he or she
becomes proficient and consistent in entering @@’dp.306-07. | could not carry
out a full study to pilot the instruments as thigplied finding another school with
similar conditions. However, | piloted the obseiwatschedule by watching videoed
lessons from past studies which were kept at theaMpCentre for Mathematics and
Science Education. | observed two different lessmveral times. One lesson was on

Angles on a straight line while the other was agehtaic expressions.

The teacher in both lessons could be describedsiag uneformed teaching because

she encouraged learners to explain their methodsive reasons for their responses.
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In fact these lessons were more of a discussi@r@s-centred) rather than ‘chalk
and talk’ (teacher-centred). It was during thesseobations that | realized that | had
conflated ideas which should have been separatedngtance, | had categories such
as ‘interprets and responds to learners’ ideas’ gmavides and evaluates
explanations’which | broke into four simpler statements whichuicb be easily
observed. Interview schedules, on the other hasre wiloted by interviewing one of

my colleagues.

Piloting the observation schedule was helpful iat th indicated where | needed to
make some modifications prior to collecting dataatldition, piloting enabled me to
see that the categories in the observation scheldutet overlap. Further, the algebra
lesson enabled me to think about the questionsltbatild include in the interview

schedule.

As | was not able to operate the video recordersapervisor assisted me in finding
a knowledgeable person to operate the video. Heddbe video recorder with the

sampled teacher a day before | came for data tliec

Piloting the instruments helped me in ensuring #tlathe equipment was functioning
properly; in identify potential questions for thaterview and to improve my
interviewing skills. In addition, it helped me teeswhether the interview questions

were related to the specific research questiongtendesearch problem.

3.4.4 Advantages and disadvantages of instruments

Since the study uses observations, the presenite eésearcher might influence the
results particularly if the researcher is new ia #nvironment and stays for a short
period as the subjects could have been on guanthaf they say and do. In support
to this, Opie (2004) argues that “peofda/ners [bold adde$l consciously or
unconsciously, may change the way they behave wieng observed” p.122.

According to Cohen and Manion (1980) the main athg of observation is that the
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researcher “can discern ongoing behaviour as iturscand is able to make
appropriate notes on its salient points” p.103. the other hand, videoing has
technical problems of focusing and quality of sauhdndicated earlier that to

minimize these videoing problems we asked a knogdalile person to operate the

video.

Interviews on the one hand, present challengeshé researcher in terms of
interviewing and listening skills as potential inftation may be missed due to poor
guestions or listening skills (Opie, 2004). Moregvimterviews demand that the
interviewer is able to maintain control of intemieto probe gently, be able to
manage personal space and be non-judgmental (Opieit). Interviews are time-

consuming to transcribe due to too much data ibneded. The advantage of using
interviews is that both verbal and non-verbal b&mavcan be noted which cannot be
achieved with a questionnaire. In addition thervieaver may rephrase questions or
probe the interviewee to get a clear understangimgh cannot happen when using a

questionnaire.

3.5 Data collection process

As | mentioned earlier, three interviews were cantedd. The pre-teaching interview
with the teacher focused on how and why the a@w/itvere selected. After this the
teacher was observed and videoed when implemetiiengctivities. The purpose of
the observation was to see what the teacher daksays in relation to the activities.
Another interview was conducted with the teacheerathe lesson. This interview
was intended to provide insight into the mathenadtproblems that confronted the
teacher during the lesson and the way forward. ke interview was conducted

when all the data had been collected.

Classroom observations were conducted for one wWkek lessons). These were

enough for the teacher to cover at least one ursubtopic. The assumption here is

46



that the activities designed or selected by teacbBect what she understood or
considered to be important in learning algebraCasnbleth, (1990) has argued that
what teachers do in classrooms communicates messdgeit their conception of

curriculum and meaning of knowledge.

Prior to my data collection | checked all the caonis®rms to ensure that | was
allowed to video record all the learners. | disgedethat only one parent objected. |
made Lineo aware of this. When | arrived at theostliineo informed me that she
had changed the seating arrangement so as to acanatereverybody. Each learner
had his own desk. The desks were arranged so lagvid six columns. The middle
four columns were paired. The other two columnsewagainst the opposite walls of
the classroom. Two boys were seated right in fadrthe teacher’s table. | realized
that the learner who was not to be captured onowdss seated in one of the columns
alongside the wall. This seemed to be his new iocatince when he entered he went
straight to this side. | sat at the desk behind tbarner. This was a precautionary

measure which indicated where the video was nbetdirected.

3.6 Data analysis procedure

Data analysis is an on going cyclic process cartstitin all phases of a qualitative
research (Hatch, 2002). This process entails tiedgcategorising, synthesizing and
interpreting the data. All the data collected freideoing and audio-recording were
transcribed by the researcher. Both inductive gpdlbgical analysis (Hatch, 2002)
were used in this study. In order to do this | utwal literature, for example the 8
kinds of mathematical work of teaching by Batlal. (2004) and experience gained
on continuous interaction with the data (Hitchc&kughes, 1995). | analyzed the
lessons inductively by carefully reading and redieg through the data in order to
formulate themes or categories. Interview transsnpere analysed inductively. The

emerging themes were then used to provide a déscripf the work of teaching that
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confronted a Grade 8 teacher when teaching algeudl. details of how | chunked
and analyzed the data are given in chapter 4.

3.7 Rigour in research

The issues of validity of the explanations madeemensured by either providing
evidence from the transcripts [This is what Opi@0@) calls evidence based process]
or by using the literature. In support, Opie argtneg claims that are made should be
backed-up by refereed source from journals andeamadbooks. Another tool that |
used is argument (Opie, 2004) based on either dkee itkelf or statements from the
literature. In using the literature one tried ascmas possible to use data from the
original sources i.e. avoiding citing sources citgdother researchers since different
people interpret the same information differently.

Reliability refers to the extent to which an instrent gives consistent results under
similar conditions. In contention, Opie (2004) veeveliability as the property of the
whole data gathering process. While reliability awalidity are often used in
quantitative research as measures of quality imeeepof research, LeCompete and
Preissle (1993) in Coheet al. (2000) argue that qualitative research approwiate
selectively the tools of quantitative research. samuently, issues of reliability,
validity and generalizability turn to be unworkabie qualitative research. In
qualitative research credibility is used insteadsalidity, confirmability as opposed
to reliability and transferability instead of geakzability. As indicated earlier the
study uses triangulation by procedures (Opie, 2084)a means of ensuring

credibility of the research.
3.7.1 Transferability

This study is qualitative in nature. It seeks toyule a thick description of a case.

Therefore the issue of generalizing the findingsumsvorkable. Lincon and Guba
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(1985) cited by Cohenet al(2000) point out that in qualitative research
generalizability is interpreted to mean compargbgind transferability of findings to
other individuals working within similar condition§&suba & Lincon (1983) argue
that “some degree of transfer is possible if enotigitk description’ is available
about both the sending and receiving contexts t&kema reasoned judgement
possible”. It is therefore important that a resbkarcprovides a clear and detailed
description of the phenomenon so that others candeehe extent to which the
findings of the research may apply to their situagi Opie (2004) draws on the work
of Bassey to argue that the value of qualitativeeagch lies in the adequacy,
appropriateness and extent to which the descripti@ale would suite a teacher
working in similar conditions to relate his or hagcision making to those described.
| am therefore aware that the outcomes of thisarebemay not be generalized even
to the overall practice of the case itself [thectes] but | am optimistic that they
could possibly highlight the mathematical problethat confront teachers as they
endeavour to introduce algebra to Grade 8 lear@asequently, it may open up
new directions for curriculum developers, textbooksthors and the research

community in mathematics education at large.

3.7.2 Confirmability
Cohenet al. (op cit) draws on the work of LeCompte and Preig4993) to argue

that the ‘canons of reliability in quantitative easch are impractical in qualitative
research’. Lincon and Guba (1985) cited by Coéteal. (2000) take this point further
by indicating that in qualitative research reliapils construed as dependability as it
involves member checks or confirmability. Alignimgyself with Lincon and Guba
(op cit), I conducted follow up interviews with lan after all the data had been
collected. This interview was to confirm or refuty assumptions and interpretation
of Lineo’s teaching practice. For instance, | neticthat Lineo’s explanations
emphasized mathematical conventions i.e. ways dfingrusing algebraic notation,

reading this notation and she defined terms. Thabsene into describing her practice
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as teaching algebra as a symbolic language sydtarao illuminated this point
further during the follow up interview when shedséyour attention is drawn to the
bold text);

. they need to know that umrour terminology in mathematics is
important, umm when | am talking about umm a constant thesdrto know
it is a number, it has got a role and they neekhtaw umm thamathematics
language is important and that it will be to theirown detriment in future
if they do not learn to speak mathematics properly Umm | will always
emphasize the definitions and terminology and whethey give me back
an answer if they are not saying it correctly | wil correct them... (Lineo,
follow up interview, L189 - 1197)

In addition, the interview shed more light on whaiad observed and amplified my
observations as | was able to explicitty commumicahy assumptions and
interpretations with Lineo. | was aware that myermptretations of what | observed
might change as | re-analyze the data or as |vieeed the teacher as she might

agree or disagree with some of my assumptions.

3.8 Ethical considerations

Cohenet al (2000) argue that carrying out research demahds the researcher
obtains consent and cooperation of the participants the institutions that provide
research facilities. In this study two institutiose involved; Wits University under
whose name the study was conducted and a secosdhopl in Gauteng whose
teacher and learners were actively involved in shaly (see section 3.3, p. 36).
Cohenet al. (op cit) further point out that the issue of ascaad acceptance is very
crucial in pursuing a study. As the study was catelll under the name of Wits
University, | requested permission from the Witsearch ethics committee by
submitting a proposal which was to provide the allgricture of the study. As the
study was conducted in a private secondary schamught permission to conduct

the study from the principal of the school concdriewrote and submitted a letter
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accompanied by a consent form to the principahefdelected school requesting his
permission to involve his Grade 8 teacher and dwsnlers in my study. Two more
letters were written: one to the teacher while dtieer was for the parents of the

learners (see Appendix 2). These letters wereaalsompanied by consent forms.

The letters indicated the research topic, purpdgbeostudy and explained the need
for videoing of lessons. Letters also addressaesaround confidentiality of results,
anonymity of school and participants, privacy, ffee of participation, respect and
fairness (Cohert al., 2000). In this regard, | decided to use pseudueasafor the
teacher and learners involved in this study. Thaehaf the school is not mentioned
in this study as | only refer to it as a private@adary school in Johannesburg. | also
provided the principal with copies of letters amhsent forms which were sent to the
parents of the learners and the teacher regartimgame issues. The consent forms
were to be completed by the principal, teacher @arénts. The consent forms were

to be returned before the study commenced.

This study used interviews and observations asgktteering instruments. Hence one
needed to address ethical issues regarding eatchnrent. Ethical issues concerning
observation were dealt with in the preceding paplgs. It is important to note that
this study focused only on the teacher therefoegd¢hcher was the only person to be
interviewed. Coheret al (2000) warns that interviews can be biased du¢héo
characteristics of both the researcher and resmbnieale in Coheret al. (op cit)
identified informed consent, confidentiality andethonsequences of interviews as
problematic areas that need to be addressed irvimtes. Oppehein cited in Opie
(2004, 112) argues that bias in interviews can l@mized if “the interviewer...
maintains control of the interview, to probe gentiyt incisively and present a
measure of authority and assurance of confidetytialfuckman (1972) cited in
Cohenet al (2000) exemplifies the problems of interviewsdaying that
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... The interviewer should brief the respondent aghe nature or

purpose of the interview (being as candid as ptessithout biasing

responses) and attempt to make the responderdtfeakse. He should
explain the manner in which he will be recordingp@nses, and if he
plans to record he should get the respondent’'snasaeall times the

interviewer must remember that he is a data caleahstrument and
try not to let his own biases, opinions, or cutipsiffect his behaviour
... p.279

| indicated to the teacher that the purpose ofitkerview was to confirm or refute
my assumptions and interpretations of what | obextim the lessons and to assist me
in understanding the mathematical problems thaesiteuntered when selecting and
implementing the activities as well as to inform agto what mathematical work of
teaching she wrestled with and which knowledge usses she called on to solve

these problems.

| further asked her to allow me to tape recorditherviews as this would enable me
to re-listen to the interviews during data analySise had no objection to this and |
tape recorded all interviews (Appendix 3). Tucknwated in Coheret al. (op cit)
argues that interviews could be both threatenird) siressful to respondents as they
often do not know in advance the contents of therwew and the interview
environment is usually unfamiliar. In responselhs i conducted interviews in the
teacher’s classroom with the hope that she wowdtifere comfortable. | also began
the interview with broad questions funnelling te tmore specific questions. This
afforded us time to settle. | tried as much as Uld¢do be non-judgemental while

being sensitive.

3.9 Summary

| began this chapter by indicating that the redeargestions and problem locates this

study within an interpretive paradigm (Merriam, 899 also indicated that the study
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uses case study as its research methodology. Ifwehér to show that interviews (3
in all) and classroom observations (over a weekiewamployed in collecting the
data. | highlighted the limitations of both the medology and instruments used in
the data collection. Over-and-above, | indicatedv Hopiloted my instruments and
how piloting helped me in sharpening the instruraehastly, | indicated that the
collected data was analyzed inductively as welltgsologically. Although the

collected data is qualitative, | quantified it elation to the research questions.

With respect to issues concerning rigour in redearcpointed out that tools of
quantitative research (reliability, validity andngealizability of findings) cannot be
applied directly on qualitative research. To thisdel concerned myself with
credibility instead of validity, transferability stead of generalizability and

confirmability instead of reliability.

In the chapter that follows, | provide an overviefsthe lessons observed during data
collection by indicating the main ideas of eachstas Most important, | embark on

the analysis of the data.
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Chapter four: Analysis and data interpretation

4.1 Introduction

In this chapter, | present the analysis of the dalkected. As | indicated earlier, |
used three interviews and four lesson observataena window through which to
look at Lineo’s teaching practice so as to identtig mathematical problems that
confronted Lineo, the mathematical work of teachimat Lineo wrestled with during
the four lessons, the knowledge resources whichcsiled on as she worked to
legitimate meaning of algebra to the boys as welh& nature of algebraic activities

that were presented to learners.

A crucial point in this study concerns a Grade &cher’s classroom activities and
how she used such activities. Through a numberctViges, representations and
definitions, Lineo endeavoured to provide learragportunities to develop algebraic

concepts and to learn the language of algebra.

Conducting this study has required that | desctilbeo’s practice. This inevitably
involved making judgements about what Lineo didthe four lessons which |
observed. = These judgements are analytic, not atredu In effect they are
descriptive statements about the mathematical vesrcted in Lineo’s teaching.
Such judgements were not intended to describe lsneaching practice as ‘good’,
‘bad’ or lacking in some ways. | have tried to leakis evaluative form of judgement
aside so as to describe and analyse Lineo’s peadticrelation to my research

questions (section 1.2) and theoretical framewsektfon 2.3).

In this chapter, | am going to discuss the follogvin
% Background to the lessons observed
% An overview of the observed lessons

% Chunking of data
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« Mathematical problems, mathematical work of teaghirand knowledge
resources used

% How Lineo describe her teaching
4.2 Background to the lessons observed

In what follows | present first the seating arramgat in Lineo’s class and a brief
overview of the lessons observed. | observed Live@ne week. During this period
she was teaching Grade 8 learners algebra, incpkmtialgebraic expressions. The
observation commenced on Tuesday" July and ended on Friday, the™auly,
2006. Each of the lessons | observed was 45 mirates (Table 4.1). Altogether,

they translate to three hours of teaching per wAtkhe lessons were single periods.

During the Post-teaching interview Lineo pointed that there were six Grade 8
classes in the school which were taught by diffeteachers. She further told me that
all the Grade 8 learners were taught mathematidbeatsame time. According to

Lineo, teachers in this school work independentbstof the time. She explained

At this school we pretty much work by ourselvegjol by my own pace; |
know that by the end of the term | need to haveeoed so much. | might be
ahead or behind other teachers, umm, we don’t shaoh of the resources...

so we pretty much work independently. (Lineo, pesiching interview)

However, she indicated that they do share someestiag or important materials.
When asked how they work in relation to test anahex Lineo said: “we set our own
tests... sometimes we have standardized tests whete arade 8 are writing the
same test at the same time... other than that wewebwn tests” (Lineo, post-
teaching interview). Here Lineo emphasized thathees in the school are expected
to be independent. She indirectly acknowledges ttherte is collaboration amongst

the Grade 8 teachers. In fact, she had indicatdibiethat the worksheet which she
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was going to use had been made available to henbyof the teachers. The above
quotes indicate that while Lineo finds herself ivexy supportive environment she
also does a lot of work individually. This also hlights the limitation of this study in

that Lineo’s practice cannot be extended even dohters working within the same

school.

Lineo had at her disposal a white board for writtemmmunication, graphing
calculator, an overhead data projector, a comparer other supporting equipment.
As | have mentioned earlier, Lineo was teachinglalg (e.g. collecting like terms,
expressing as a powers, and expanding) during bisereation week. In the next

section, | provide an overview of what Lineo dideiach of the four lessons.

4.3 Overview of lessons observed

The lessons observed focused on teaching of tetagpdsuch as coefficient, term,
constant, monomial etc.), conventions (e.g. writimgmbers before letters) and
concepts such as variable and like and unlike tefithis could be understood to be
the result of introducing a new topic with its siiec mathematical language,
concepts and skills. The analysis will show thateld drew on various knowledge
resources to ground what algebra is and to devalgpbraic proficiency. She
introduced algebra by recapping what they had dom¢umber patterns. She begun
with ‘guess my rule’. In this activity Lineo toldthé¢ learners that she has a rule in her
head and that they were to give her numbers onhmMacapply the rule. Learners
randomly gave her numbers and Lineo gave back tireegponding answers.
Learners wrote the numbers and their corresponalisgvers in their answer books.
Lineo then asked the learners to write down thesrut each case. The three activities

under ‘guess my rule’ are summarized as follows

25 |49 | 9 1
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12|16 |14

10| 8

expression 2n+ 4

expression A°

1 |2 6 3|0
-3 |5 |-13| -7 -1
expression=2x - 1

Lineo used ‘guess my rule’ to lead learners intceating and using letters other than

n to represent numbers. After these activities diresked the learners “what is

algebra?” She employed various representationslo learners visualize or make

some sense of algebra. These representations \geresed to introduce learners to

collecting like terms. Lastly, Lineo defined terthat are used in algebra.

Table 4.1 gives the overview of all the observesdas.

Date Duration Topic/ Main ideas comments
of lesson| subtopic (concepts/skills)
-Number -Formulating Lineo begins the lesson by recapping numper
patterns expressions patterns. She uses ‘guess my rule’. She asks
Tuesday 45 -algebraic -collecting  like | learners to give her numbers which she seens to
11/07/06 minutes | expressions | terms be substituting into her rule to give back the
-definitions answers. Learners are then asked to write the|rule
in each case. Lineo asks, ‘what is algebra?’ pne
learner responds, ‘using letters to symboljze
numbers’ she uses this definition to enaple
learners to appreciate the use of letters in agebr
She then projects Italy’'s soccer jerseys, caps,
socks, gloves, bags, flag and balls on the bogard.
She asked learners, ‘how many of the sgme
things are there?’ she then continued with other
representations to introduce the language| of
algebra.
Wednesday 45 Algebraic -expression vs| Lineo starts by recapping the previous lesson.|she
12/07/06 minutes | expressions | equation clarifies the difference between an equation and
definiions expression. She write®x® +3x? —2X +8
-collecting  like
terms on the_board. she then engages Iea_rn_ers n a
discussion of the terms constant, coefficient etc.
she then gives notes. The emphasis is|on
mathematics vocabulary. She defines mononyial,
binomial, trinomial, and polynomial. She asks
learners to give examples. She asked learnefs to
start working on the worksheet. She goes round
and explains to individuals.
Thursday 45 Exponents: -| -simplifying Lineo talks about the structure of the exam. $he
13/07/06 minutes | expressing | expressions then corrects the homework by reading out the
as powers | -expanding answers while learners mark their own work. $he
-expanding | powers then gives the following spot test.
Simplify
1) 3x% =5x + 2x? — X
(2)8x -3y + Xy
3)(4x)(2x)(x)
@X.X% X
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4.3
(- 2xy)x*y?)
Lineo explains the difference between expanding
and expressing as a power

x® = xxXx - expanding
xxx=xX -expressing as @

power
Friday 45 Simplifying | -Simplifying Lineo starts by asking learners to read their
14/07/07 minutes | algebraic expressions homework answers aloud in turns. She confiims
expressions | -expanding some and corrects others. She defines the term
-expressing as product. Lineo asks the learners to continue with
powers the worksheet and she goes round explaining to
individuals.

Table 4.1 Overview of observed lessons

4.4 Chunking data

In order to identify the mathematical problems thaere confronted, the
mathematical work of teaching which Lineo grappl@h and the knowledge
resources that were called on by Lineo, and workiogn an orientation of analyzing
pedagogic discourse, | needed to chunk lessonsevdtuative events — my unit of
analysis. The end of an evaluative event/ unitralysis was marked by the teacher
establishing some ground for legitimating meanimgtiie ideas under discussion. For
instance, in order to differentiate clearly betwéss multiplication sign and the letter

x used in algebra Lineo said;

. if 1 were to write that as a straightforward xhat does that look

like? times times 2 or xx2, doesn't make sensel &m going to be

very strict with you when you write your x’# is the only letter that

you have to change. | want you to write it as dycurneatly You

need to get into that habltwill take off marks if you don’'t (Lineo,
lesson 1, 08:40 — 09:03, emphasis in bold)

This extract marks the end of a discussion arowttit is algebra?’ in which Lineo
as the old-timer in the practice concluded thewdison by using heauthority [see
underlined text] and assessment (marks)cuericulum knowledge [see bold text]

in socializing the learners into the Mathematicsaways of writing. It is important to
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note at this juncture that Lineo used various keolge resources (see section 4.8) to
legitimate meaning of algebra to her learners.

Just as an event has an end marked by the teaghitmhting meaning so it has the
beginning marked by the introduction of a new s, concept or activity. For
example, in the extract below Lineo was explairttbguse of x and y in mathematics

and decided to move on to define a constant. | gi@w attention to the bold text.

| think, but | stand to be corrected, for me theand they are used

more often because when it comes to plotting yaimtp what do we
use? The x-axis and the y-axis, so we will be d®yab ... where we
have everything in terms of the axes. So | thinkhie forefront of my
brain | am always thinking x’s and y’'s but therenis reason from
stopping me from using the p’s and the g’s. Ifl®ien here if | say x
is 3 then you have to stick with that 3, if | sayyou hold on x is 3
you can’t work with it as a variable and say | ganmake it 10. If |
give it to you as a value you need to stick to ttzdtie ... What do we

call the numbers (writes 1, 2, 3, 4, 5 ...) withoutry attachment to

the x or the y, the p’s and the g's? what do we dathose? It start

with a C. those guys who have done algebra last ye@.ineo, lesson
2, 32:47 - 33:20, emphasis in bold)

The extract marked the end of the discussion drable (underlined text) and also
shows how Lineo initiated discussion of a constdhe sentences in bold indicate a
new concept which is introduced through questiotipghe teacher hence a new unit

of analysis begins.

4.5 Using the analytic framework for data descripton and analysis

In this section | am going to present the overaklumitative and qualitative analysis
of the lessons | observed. In order to do thithatsame time | show how | have done
the analysis. | use extracts from the transcripth® data | collected for this study to
substantiate my identification of the mathematijgadblems that confronted Lineo,

the mathematical work of teaching that she wrestiéth and the knowledge
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resources that she called on as she introducetiralge her boys. The extracts are
further used to point out the nature of the algebaativities that the‘%graders were

exposed to in this practice. In order to do thifitst recap by presenting the analytic
framework (see figure 2, p. 59) that summariesléhs which is being employed to

look at the data.

I have indicated earlier in section 2.2 that mylgsia of Lineo’s practice is informed
by Ball et al's (2004) 8 types of mathematical work of teachihgt mathematics
teachers wrestle with during their teaching. Oreratting with my data | realized
that Ballet al’s categories are problematic in that they turhtowe too specific thus
distinguishing what appears to be the same consitnupractice. For instance the
categories “interpret...students’ solutions” and ‘dide to respond to students’ ...”
(p.59) are practically the same since one does tingeas a result of the learners’
contribution to the discussion. Other researchKezima & Adler (2006), Pillay
(2006) and Adler & Pillay (in press) have also fduBall et al’s characterizations of
teachers’ mathematical work of teaching problematias leading them into
condensing the 8 kinds of mathematical work of h&ag into 6 types as follows:
defining, explaining, representing, working with learners’ ideas, questioningand
restructuring of tasks. As | indicated earlier, it is these six categsrief
mathematical work of teaching that | finally employ studying Lineo’s practice.
Bernstein’s (1996) theory of pedagogic discoursetigularly the point that meaning
is condensed in evaluation was critical to thisdgtas it pointed out a way of

chunking the data. The analytic framework for #tisdy is shown below.

Analytic framework

Mathematical problems
- Manipulating algebraic symbols
- Algebraic language
- Generalizing

A 4

Nature of algebraic
g Mathematical work of teaching

activity o .
- Representational - Explalnlng. - Defining
i - Transformational »| - Representing :
Evaluative » - Reading - Questioning - Restructuring
event - Generalization and - Working with learners’ ideas

justification

Knowledge resources



Figure 2: Analytic Framework

This analytic framework is used here to interrog#déa so as to find answers to the
research questions posed earlier in section 1.2 es/e indicated above, extracts
from the transcripts have been chosen to show hevanalytic framework was used
in interrogating the data. The extracts also séovélustrate that Lineo confronted

diverse mathematical problems simultaneously, ghatdid not wrestle with the same
mathematical work of teaching and that she drewarous knowledge resources to
work with these problems. | also use this extracttémonstrate how | broke down
the lessons. It is through this chunking that Irtsth to see more clearly the

mathematical problems and the mathematical worteathing that Lineo wrestled

with as she went about her work. Chunking the drathis way has also helped me to

see the nature of algebraic activities which Lisgaresented to her learners.

Table 4.2 shows a chunked transcript extract froenfirst lesson which illustrates
how | used the analytic framework. It is essent@lnote that time is given in
minutes and seconds as 10:39 which means 10 miante89 seconds elapsed i.e.
into the lesson. It is important to note that myleative events or units of analysis
are indicated by time intervals which show the begig and end of the event, for

example 06:04 — 06:47 shows that the event orafrahalysis began 6 minutes and 4
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four seconds ago and ended anihutes and 47 seconds later. Table 4.3 illustrates

how the transcript extract was quantified.

Table 4.2 (on p. 64) shows that concepts weredntred through different algebraic
activities. In order to pick the categorgpresentational, Lineo would have to
introduce the concept through a verbal statemanidom distribution of terms [see

page 17 and 95] or questions [such as simpliky+4y—-3x+11y] which learners

have to transform into an equivalent algebraic eggion. If she defined or explained
the concept then | categorized that concept as gbemroduced through
reading/writing activities. For concepts to be introduced \ganeralization and
justification, the activity would have to allow learners to ergag either empirical,
theoretical or algebraic arguments where learnegage in mathematical practices
such as conjecturing, generalizing and justificati©ne should realize that this
category includes the other activities of algelmd that in one event we may have
more than one activity in use to drive the samecepnhhome. in order to pick the
categorytransformational activities Lineo would give her learners an activity that
demands them to manipulate and change algebraiessipns into their simplest
forms. The extract below illustrates how Lineo ugehsformational activities in
teaching like and unlike terms and also to intredexpressing as power.

Lineo: ok question 1 (writes on the board)
Simplify
1) 3x® —=5x + 2x* — x
2) 8x—3x+ Xy
You don’t need to write out the question, just graight to the answer
3) x.Xx*. X
4)(ax)(2x)(x)
5) (2xy)(x2 y? )
3, 4 and 5 | haven't taught but | want to see whayou can make
with them.
Learners work individually on the tasks
Lineo: | will give you one more minute (Lineo, less3, 07:17 —
08:23, emphasis in bold).
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Here Lineo gave learners activities to solve irlinally. She explicitly points out that
3, 4 and 5 have not been taught (see bold texi$. Mkans that she was using them to
introduce a sub-topic (expressing as powers) anddraw learners’ ideas for
discussion. We see that the activities are arraingettreasing order of difficulty and
that the activities demand understanding of mathieaianotation (e.g. when brackets
are placed against each other meaand that there is between a coefficient and a

variable) for successful completion.

The above activities demand knowledge of algebnmaitation for successful
completion. | categorized the knowledge resourdéedteon in such activities as
mathematics,specifically ‘rules and conventions’ (Pillay, 2006)

Tables 4.2 (p. 64) and 4.4 (p. 75) indicate thatebi employed various knowledge
resources to fix meaning for the algebraic concéging taught. The excerpt that
follows shows how Lineo fixed meaning for the matiagical concept - coefficient

...what is the coefficient of x in the following It is the stuff before
the variable
In 3x is 3
In —15x is -15
In__10ax__is__[10a]
(Lineo, lesson 1 34:06 — 37:03, emphasis in

bold)

| categorized this appeal asnpirical mathematical knowledgebecause examples
of what a coefficient could be were used in theuargnt. The above example
indicates that Lineo was not able to find a staddtefinition that could cater for all
cases thus she opted for empirical cases/argumesrder to convince her learners.
The difficulty in finding a general definition ofoefficient arises from the fact that
coefficient is best defined in context as it cobéla constant, a variable or both as the
excerpt above illustrates (see underlined bold &dadve). Here, Lineo picks three
different examples to illustrate what a coefficiesntlt is important to note that at this
point Lineo’s teaching focused on reading/writirgdiaties as it provided cues in a

form of question for identifying or determining asfficient. The extract also shows
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that although Table 4.4 indicates that Lineo usefthahg frequently, her definitions
were not necessarily mathematically robust. In la@otinstance, Lineo wanted
learners to generalize the commutative propertynaftiplication which forms the

base for collecting like terms. When she realizhdt tsome learners could not

recognizexy as being the same gz she asked them what is happening between the

letters and then asked them to substitute numevadakes (e.g. 3 for x and 16 for y
were used) and to multiply out. This also is an ieicgd mathematical knowledge.
The activities in this evaluative event are clasdifasreading/writing activities as

learners are only required to identify the coeffitiin each scenario.

For Lineoto be drawing on heexperience which may either be professional,
everyday or authority Lineo would have to use statets like (attention is drawn to
the bold text)

...S0 guysI'm_going to be very strict with you, when you write
your x’s, it is the only letter that you have to chanbevant you to

write it as a curly x_neatly... | will take off marks if you don’t
(Lineo, lesson, 1, 08:50 — 09:03)

...that’s why in South Africa we use a comnm#. want a decimal
place | will put a comma (Lineo, lesson 1, 24:23 — 24:30)

Traditionally we always put up the numbers befdre letter. Son2

is correct but we prefer to write the number befdhe letters
[emphasis in bold] (Lineo, lesson 1, 08:04 — 08:10)

The underlined and bold text in the above excergicates that Lineo drew on her
authority to instill a way of writing the x in mathematicedhalso for explaining the
use of a comma in mathematics. In addition, Lingpealed to theurriculum in a
form of assessment, in particular, tests or exaas pold text above). In this case
Lineo talked about not awarding marks. The exthacther shows that Lineo drew on
mathematicsin the form ofconventions (see italicized and underlined text). She

describes these conventions as the tradition ofiemaétics. Drawing on conventions
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afforded her the opportunity to legitimate a pante writing style (i.e. writing
numbers before variables [letters]) to her learnémsthe above extracts, Lineo
explains the style of writing used in mathematicgl ahe use of a comma in
mathematics, in South Africa. | classified the wardkteaching that Lineo wrestled
with asexplaining (08:04 — 08:10 and 08:50 — 09:08)d working with learners’
ideas(see 24: 23 — 24:30).
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Transcript Knowledge | mathematical | Mathematical | Nature of What's the
= resources | work of Problem algebraic mathematics?
o in use teaching confronted activities
Ll

06:14 | Lesson 1 Questioning Reading variable
_ Lineo: ok now we are not doing number patterninthwhis new unit. We
06:47 | have done number patterning but this was a nigedattion to the algebrg Defining

""" | What is algebra? Themba? Working with

Themba: using numbers to symbolize numbers learners’ ideas | Language of

Lineo: Thaabe, using letters to symbolize number..S with question 1 . algebra

with the issue that was raised. Lisebo sxigverybody said nooo... it has tdlathematics

ben, we have always done finding the-th term. Why is now that Lisebp(definition)

comes up with his own letter, surely it must be ngroHello, you have put )

your hand up, Thabo? Curriculum

Thabo: it is because it does not matter what Iétier it does not change its (books &

value worksheets)

06:52 | Lineo: ok, perfect remember with this letters, tisay represent any number Mathematics Language of Reading variable
_ in the whole wide world and for the algebra we alsvahoose little letters a,| (empirical) Explaining algebra
07:21 b, c, d ...the whole alphabet to choose from. Yolehgot 26 letters, | could | Experience
' have come up withj X 2+ 4 because | think j is for Jacob and Jacob rules(EVeryd_ay &
the world and that would be my choice of the Istt&fou could have had anyprof§35|onal)
letter. Curriculum
(tests &
exams,
worksheets &
books)
07:22 | | ooking at number 2n2is it the same a8 N, is that correct? What dogdVlathematical , _ Reading Mathematical
- 2 (rules & Working with Language of convention
07:31 | N"mean? conventions) | learners’ ideas | algebra Representationall

Learner:NxXn Experience

Lineo: NxX N that would be perfect. (professional)

07:32 | Back tracking, sorry (circlesn2 in the expression) is that how wéViathematics Mathematical
- traditionally write out the notation? Thabo? (rules & convention
08:26 | Thabo: no conventions) Reading

Lineo: no, how do we traditionally write it.

Thabo: we write n times 2 plus 4.

Questioning

Language of
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Lineo: (writes2XN+4) now which way is neater? That way (points
N2+ 4) or that way (points &X N+ 4)

Learners: the first one

Lineo: the first one, | really prefer that methgubipits atn2 + 4) of writing
it but

Learners: 2 timeR plus 4

Lineo: (writes2 X N+ 4). Which way is neater? That way or this way?
Learners: the first one

at

Working with
learners’ ideas

algebra

Lineo: Ok, traditionally we always put up the numtbéefore the letter. Sp Explaining
N2 is correct but we prefer to write the number beftire letters. Also we
don’t write the times between a number and thedeWhen | write2n what Reading
are we assuming? 2 tim@as
08:27 | The same thing here with theé why did | write the curly ? Mathematical
- Mpho: we do not want a straight x Manipulating convention
09:03 | Lineo: Don't call it out. Mathematics algebraic symbols
Thabo: inaudible (rules & Questioning
Lineo: Ok, as Thabo said, if | were to write thataastraightforward x what | conventions)
does that look like? times times 2 or xx2 doesrdgkesense. So guys I'm
going to be very strict with you, when you writeuyX’s, it is the only letter | Experience Explaining
that you have to change. | want you to write iaasirly X neatly. You neat | (professional Reading
to get into that habit. | will take off marks if yalon’t & authority)
Curriculum
(exams &
tests,
worksheets &
books)
09:06 | Lineo: next thing, question number 3 which one hsréhe problem oneP Mathematics Language of Generalizing
- (points ath2+4, xx2+4 and n—2-1) Out of these 3 choices, 1,|Arules & Working with algebra Reading patterns
09:40 | and 3 which one is the problem one? Thabo? conventions) | learners ideas
Henry: n minus 2 minus 1 .
Lineo: (draws a rectangle around- 2 —1) Ok he is the problem. What was Expener_lce
. . . . . (professional)
the person trying to say? This is turning out torbminus 3 (writeg) — 3)
N minus 3 is different to sayinfl times minus 2 minus 1.
09:41 | Now I like the way it's written (points at 2X —1) how do we write this one ?/Ialthegatics Questioning L?n%uage of Reading Generalizing
- ; 1Y " rules algebra patterns
09:52 (points anx —2 —1) in a neater way, John?~ conventions)
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John: minus 2 time@ minus 1
Lineo: (writes— 2n —1) hundred percent.

Working with
learners’ ideas

09:53

14:10

Are you guys getting a feel of algebra? Ok you farailiar with this from
your patterning. | want to explore further, keepulyscrap papers out. | a
going to switch on my data projector. Wily switcHf ihe lights there.

Lineo: projects the Italy soccer kit

What have we got there? Italyyy... | must admit twaen | prepared this
had Italy and France in mind just in case but... Eeagot defeated. Ok 0
your piece of paper, my question to you is and htwsu to answer this,
want you to count how many of the same thing they Blow many of the
same things are there? Not similar, same.

Lineo: Have you added? Look at my question, howyrafithe same thing
are there? You count how many they are.

Lineo: have you finished? Ok Paul, | haven’t hefaodn you today. Give mé
the answer. What have you come up with?

Paul: 4 hats

Lineo: 4 hats, do you agree with that? (Learnergeg)gso hats are in orn
category. Then?

Paul: 3 socks (interrupted)

Lineo: correct, carry on

oY

1)

Experience
(everyday &
professional

curriculum

Questioning

Representing

Questioning

Manipulating
algebraic symbols

Representational

Transformational

Collecting like
terms
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Paul: 5 shirts, 1 cap, 2 balls, 1 ball, 1 flagaf m4 shorts.

Lineo: 4 pairs of shorts, did everybody get the sagea? Did anybody do
differently? Khau?

Khau: | also added the badges (unclear) the badgethe shorts, sock
(others make some noise)

Lineo: Ok, no no (unclear) thinking out of the bdxagree with you, that i
another way of looking at it and then how many kesddjd you get?

Lineo: you could nothing is stopping; | gave youogoen ended question, a
pretty arbitrary kind of pre-school exercise. Whdtie whole point of it?
Yeah, all | am reminding you is that Italy won.

—

7]

14:11 | Lineo: projects
15:10 a X
X X
y y X y Mathematics | Representing Manipulating Representational| Collecting like
(rules and algebraic symbols terms
X y conventions) Transformational
y y a
Do the same exercise as we did. Some are becorastgrfthan other.
Mahomete, tell me what the answer is.
Mahomete:6y
Lineo: yeah
Mahomete: 5x pluga...
Lineo: Everybody got the same answer.
15:11 | Ok, now my question is they are all letters, whatdm you distinguish the Mathematics | Questioning
- a’s apart from theX's and apart thy 's, Hilda? (rules and
15:53 | Hilda: They are different letters conventions) _
Lineo: ok they are different letters. Mahomete, wheuld be a cleverey Reading
answer than that? _ Language of _
Mahomete: they look different Experience algebra variable
Lineo: they look different, Kele? (professional)
Kele: different shapes
Lineo: different shape of letters, now in termsabgebra, | ask you the o
question again, why did you classify them diffelghtWhy did you put Questioning
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thea’s in one group and th¢’s and they 's in another, Lethabo?
Lethabo: they have different values

15:54 | Lineo: correct, th¢y 's and thea’s will represent different numbers. | am | Mathematics | Working with Language of Variable,
= using letters two letters at the same time; | asu@ng that those values will (rules & learners ideas | algebra _ collecting like
16:20 | pe different.a could be 10, X could be 5 any could be — 100 , ok differeny conventions) ¢ Reading terms
, Explanation
values, any question so far.
16: 22 | Let's see the next thing, projects
16:56 X2 X >
X
X 2 .
2 X Mathematics
X (rules and Representing Representational| Collecting like
X2 conventions) terms
X
L Experience
IF‘QmS_C)];.Ok’ Rob? d olus th (professional) Transformational
ob: five x squared plus three x Manipulating

Lineo: so you have fivex squared and thre¥ (WritesSX2 + 3X) in other
words what | have written there,XSquared, you are talking 5 lots
X squared, agreed? And continue Robert why did yassdly the X squared
and X differently?

Curriculum
of

Ln RN SOE \Izm’\ﬂlﬂﬂ A rmrtmalh A HimaAaA AR AnA A AaAnmA A el A

Table 4.2 shows a chunked transcript extract fressdn 1
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The transcript extracts (Table 4.2) show that arsbtige concepts treated by Lineo in
the first lesson were ‘variable’ and ‘collectindkdi terms’ or ‘grouping terms’ as

described by Lineo. | have chosen this excerptlistrate the kind of mathematical

work of teaching which Lineo tackled, the mathegwsltiproblems that confronted

her, the knowledge resource that she called on edlsag the nature of algebraic
activities she engaged with as she endeavored ttodiuce algebra to Grade 8
learners. One would like to acknowledge that tHecsed extract is not complete in
illustrating these constructs or even to fully shoow | used the analytic framework.
However it captures a larger continuum of conc€pts more details see Table 4.4
and Appendix 4).

In the above extract (Table 4.2) | identified ‘digg” as the main concept with no
sub-concepts. | begin by showing how this concegt imtroduced. During the period
06:16 to 07:28, we see Lineo posing the questiohatws algebra?” this indicates
that the concept ‘algebra’ is introduced througlading/writing activities as the
question does not demand learners to formulatebedge expressions or manipulate
algebraic symbols. This underscores the fact thetmathematical work of teaching
which Lineo wrestled with at this point in time @uestioning Lineo’s question
suggests that she wanted learners to define oaiexphat algebra is hengefining
and explaining mathematical concepts are other elements of matieahaork of

teaching that Lineo grappled with during her teagtof algebra in a Grade 8 class.

Algebra is also encountered througkpresentational and transformational
activities as Lineo projected a number of activities on thartd for learners to work
on. In this case the mathematical work of teachimgt she grappled with was
representing The excerpt that follows sheds more light on thissees.

Let’s see the next thing.
Lineo: projects

19 Mathematically speaking algebra is a branch ahemaatics just like geometry, statistics and
others.
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Do the same exercise as we did. Some are becomsitey than other.
Mahomete, tell me what the answer is.
Mahomete:6y

Lineo: yeah

Mahomete: 5x pluga ...

Lineo: Everybody got the same answer (Lineo, les&pnl6:18-

17:29).
This extract, in particular the conversation bemvemeo and Mahomete shows that
learners were to collect like term&rapsformational activities) and were also
expected to write an algebraic expressiogpiesentational activitieg from the

given random symbolic distribution of terms.

Lineo drew oreveryday knowledge anexperienceto fix the meaning of algebra to

the boys. She argued that “.ouwhave got 26 letterd;could have come up withx2+ 4

because | think j is for Jacob and Jacob rulesmbid and that would be my choice
of the letters. You could have had any letter” @on lesson 1, 06:52 — 07:21).
Lineo’s choice of letters (choice of j) is probletican that while she endeavoured to
make mathematics realistic, relevant and meanindfer explanation obscures
mathematics, asetters are used as abbreviated word¢MacGregor & Stacey,
1996a) as opposed to variables. In support, Statey. (2004) would argue that in
this case Lineo views letters as objects which a¢deidd to learning difficulties in
future instead of understanding of the underlyingtmematics. While Lineo’s
explanation about the choice of letters might Ipaitéd, it is synonymous with the
use ofacronyms such as SOHCAHTOA, FOIL, BODMAS etc. intineanatics which
are often used to assist learners in recallingasegrocedures, where each letter is an
abbreviation and not a variable i.e. does not sreany number. In addition to this,
Lineo being an English language first speaker icstthe choice of letters to the 26

73



letter English alphabet. This could inhibit futdearning since in mathematics letters
from other alphabets e.¢.and® from Greek are used.

It is essential to note at this juncture that Lirssems to be teaching algebra as a
symbolic language system (Wheeler, 1996) with & grammar. In which case her
main mathematical work was to ensure that learaersable to read and write using
algebraic [mathematical] language. In this regaideo engaged with two different

elements of working with learners’ ideas in herstes These arénterpreting
learners’ ideasandanalyzing errorsas illustrated in “Looking at number &7is it

the same asxn, is that correct? What do@g mean?... Back tracking, sorry (circles
n2 in the expression) is that how we traditionallyiterrout the notation?” (Lineo,
lesson 1, 07:22 — 07:31). This quote makes itrdlest Lineo prefers a certain way of
writing. In this case | have categorized the knalgkeresource that Lineo employs to
legitimate the style of writing asathematical conventions In support Lineo argues

Traditionally we always put up the numbers beftweletter. San 2s
correct but we prefer to write the number before lgtters. Also we
don’t write the times between a number and therdewhen | write
2n what are we assuming? 2 tinmesThe same thing here with the
why did | write the curlyk ? (Lineo, lesson 1, 08:04 — 09:40)

Again we can see that Lineo embarks explaining. She further engaged with

another mathematical work of teachinagrking with learners’ ideas (appraising

learners’ solution'sanswers) as she acknowledges thatis 2orrect. | have identified
and classified the mathematical problems that cmftineo in the above excerpt as
she attempts to introduce algebra to her Gradea®hdes adanguage of algebra

specificallywriting algebraically and reading algebraic notatio

When | write 2n_what are we assuming? 2 tinmesThe same thing

here with the x why did | write the curly x? ... If | were to write
that as a straightforward x what does that look lite? times times 2
or xx2 doesn’'t make senseSo guys’m going to be very strict with
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you when you write youx'’s, it is the only letter that you have to
changel want you to write it as a curlx neatly You need to get into
that habit.I will take off marks if you don'tLineo, lesson 1, 08:40 —
09:03)

The above quote shows that Lineo confronted twoheraatical problems namely
language of algebra problems, in particutaeaning of algebraic notatiorfsee
underlined text) and manipulating algebraic symbalsove allsymbol conflicti.e.
multiplication sign versus the letter(see bold text) in algebra. Algebraic notation
compels Lineo to decompress or interpret each edgefmathematical) statement. In
order to address the manipulating algebraic symtablem (symbol conflict) Lineo
appealed taauthority and thecurriculum in form of tests and exams(see the
italicized text). She told the boys that she wartbesin to write theik’s as curlyx’s
andshewould deduct marks if they do not do as she wartiako resolved language
of algebra problems by unpacking algebraic notati8he pointed out that the
absence of a mathematical operation be symbols dvendan multiplication is
implied [see underlined text in the above extratt].this interval the algebraic

activities are mainly reading/writing activities.

The interval 10:46 to 15:55 indicates another eggstaken from lesson 1. During this
period | identified the main concept to be collegtlike terms with sub-concepts like
and unlike terms. Lineo projected Italy’s socciroa the board and asked learners
to count how many of the same things are thererrieza were given some time to
work on this activity individually before it was siussed. This shows that Lineo
wanted to work with learners’ ideas. The activigelf shows that Lineo attempted to
make mathematics relevant to learners by integyatiathematics and everyday in
her teaching. In a follow up interview Lineo indied that this activity helped some
learners and not others. She further indicated tthetactivity helped to narrow the
gap between arithmetic and algebra and to coneratgebra as it is too abstract for
her learners. | have classified this activity asformational [procedural] in nature

because learners were to come up with a proceducgteria which will be used in
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identifying the same things. Also, Lineo focusedintyaon the outcome by asking
guestions such as “What have you come up withéhd.then how many badges did
you get?” | identified the mathematical work of¢beng that Lineo engaged with in

this case agepresentingandguestioning The knowledge resource that Lineo uses

to drive the concept of like and unlike terms igpe&xence particularlyeveryday
knowledge because her first activity (soccer kit) is closeblated to everyday
activities such as packaging as it involves puttihg same things together and
knowing how many of those things are in each p&gice again we see that activities

in this interval are representational and transtiromal in nature.

In the interval 15:55 to 17:41, Lineo drew on sfiecnumbers to argue that two
variables can only take on different values “Wheml using letters, two letters at the
same time; | am assuming that those values witlitferent acould be 10, x could

be 5 and/ could be — 100, ok different values, any questiofias ...” (Lineo, lesson

1, 15:54 - 16:20). This [i.e. use of specific numnsheenabled me to categorize the
knowledge resource that Lineo drew on emapirical mathematical knowledge
While the quantitative analysis (Table 4, p.74) wfiahat Lineo grappled with
explaining most frequently the above quotation gs¢gthat such explanations were
not always mathematically robust and could leaditficulties in future learning or
misconceptions. Again here we see that the matheahatork of teaching that Lineo
grappled with isexplaining. In this interval, | have identified and classifi the
mathematical problem that confronted Lineo as laggu of algebra [reading
symbolic algebraic language and interpreting le@'ndeas]as Lineo finds herself
reading aloud algebraic notatioffter writing an algebraic expression on the board
Lineo said “(write$x® +3x) in other words, what | have written therex $quared,
you are talking 5 lots ok squared, agreed?Lineo, lesson 1, 16:22 — 16:5®)ere,
Lineo teaches her learners how to read algebrdiation. Lineo also engaged in
representing the learners’ verbal responses algalisa So in this interval Lineo
attempts to develop conventional fluency by reading interpreting the algebraic
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written language. | identified the activities inighinterval asrepresentationd,

transformational andreading/writing activities.

So far | have shown that Lineo drew on her authi@# the teacher, curriculum and
mathematics and that she used transformationakgeptational and reading/writing
activities in introducing algebra to her boys. Tpmblems that confronted Lineo
were language of algebra and manipulating algelssaitbols.

4.6 Quantification of data

Section 4.5 provided an outline of how | used thalgic framework to look at
Lineo’s practice. In order to get a clearer pictwfethe mathematical work of
teaching that Lineo wrestled with, the knowledgeoregces that she called on and the
mathematical problems that confronted her durirgftiur lessons that | observed. It
was necessary to quantify all the lessons. Table below shows the overall
quantification of the lessons. Table 4.4 (page &)ows that in Lineo’s practice
algebrais not introduced through generalizing austifying activities and that
restructuring of tasks is entirely absent. It ferttshows that Lineo’s practice is
dominated by mathematical demands that requirethh@ngage with mostly with
questioning, explaining and working with learnddgas. the table reveals that Lineo
introduced alegebra mainly through transformaticaradl reading/writing activities
and grounds meaning by appealing to mathematicstlynio the form of rules and

conventions.
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Construct(s) # of occurrences

Nature of alaebraic activities
Renresentation: 17
Transformationa 48
Generalization & iustificatior 0
Readin/ writina 45
Mathematical problems
Manipulatina alaebraic svnols 20
Lanauaae of alaeb 84
Generalizinc 0

Mathematical work of teachinc

Explainina 44
Definina 13
Workina with learner Renons 38
Restructurina tasl 0
Representin 12
Ouestioninc 87
Knowledae resources in us
Rules & conventior 30
Mathematics Empirical 16
Definition 21
Everyday 6
Experience Professiona 9
Authority 8
Curriculum Tests & Exam 9
Textbooks & workshee 5

Table 4.4: Overall quantitative analysis of olsdrlessons.

In the preceding sections | described how | churtkeddata and illustrated how the
analytic tools were put into use. Chunking the dethped me to have smaller units

which could be interrogated. Through interrogatdrdata | was able to identify and
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quantify the activities of algebra that were likétybe developed in this practice, the
work of teaching which Lineo engaged with and thewledge resources which she
employed. Table 4.4 above provides an overall giadive analysis of the data. As |
have indicated earlier, quantification of data kedlpmne to see which elements of
mathematical work of teaching were most prevalenLineo’s practice as well as
those that were absent. | noticed during the gfieation of data that the elements of
mathematical work of teaching that Lineo wrestlathwccurred in varying amounts
in this practice [see Table 4.4]. The reason f@s tlould be that in the first lesson
Lineo was introducing the concepts and the terrogywlwhich demanded more
mathematical work of teaching than in the fourtssten where she was consolidating

concepts learnt in the previous lessons.

Table 4.4 shows that throughout the observatiorkviigeeo afforded her learners an
opportunity to gain access to the language of aigahd the techniques of algebra by
engaging them in reading/writing and transformadloractivities of algebra
respectively. However, these activities on theirnomay not enable learners to
develop meaning of ‘underlying structures’ as adgig Kilpartricket al (2001) who
associates meaning with generalizing and justifyatyities which are absent in this
practice [see Table 4.4]. The absence of genamngliand justifying activities denies
Lineo the opportunity to confront generalizing gevhs which in turn does not allow
her to wrestle with restructuring of tasks for  Wueek as learners are not exposed to
algebra as generalizing (Usiskin, 1998). In ordemainage these reading/writing and
transformational activities which demand learnerskmow algebraic notation and
conventions thereof for successful engagemented.idrew mainly on particular
aspects mathematics to unpack algebraic notaticsh @nventions hence the
mathematical work of teaching that Lineo mostly ppl@ad with is questioning,
explaining and working with learners’ ideas [sedl€a4.4, p.74]. | note that what
Lineo calls on at the moment seems to be adeqaateef current practice. However,
if she is to incorporate generalizing and justifyiactivities into her practice she

might have to do more.
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It is essential to note that the six elements ahermatical work of teaching do not all
occur in Lineo’s practice. Table 4.4 [see p.74] vehathat in Lineo’s practice,
restructuring of tasks is entirely absent. This@ surprising because Lineo used
closed tasks focusing mainly on developing fluemcyalgebraic language. Her
activities were highly structured and organizedasao lead learners into particular
ways of writing and also to distinguish like andiki terms. As discussed in section
2.2, in a similar study conducted by Adler & Pilléyn press) it was found that
restructuring and working with learners ideas wetally absent. This led them to
conclude that mathematical work of teaching isordy a function of a topic but also
a function of the teacher’s pedagogical approacaziida & Adler (2006) also
working within Mathematics for Teaching (MfT) insaudy of Probability reported
that there was restructuring of tasks but otheeetspor elements of mathematical
work of teaching were not present. They point bat probability was new in the SA
curriculum hence it posed problems for both thechea and the learners hence
restructuring was inevitable. They further arguattthe teacher’'s approach was
activity based thus affording learners the oppoatyuto wrestle with a variety of

tasks.

It is worth mentioning at this point that restruatg tasks according to Kazima &
Adler (op cit) entails “scaling down of the tasktifs too difficult or scaling it up if is
not challenging enough for the learners” p.51.Bédl et al.’s (2004, p.59) language,
restructuring is about “making judgments about timathematical quality of
instructional materials and modify as necessar{iese definitions of restructuring of
tasks indicate that restructuring is dependent lom ¢ognitive demands of the
tasks/activities as set up by the teacher. Itesetfore not surprising that it does not
happen in Lineo’s class as she seems to have sattiyities with graded varying

cognitive demands.

In the sections that follow, | set out to find amess/ to the following research

questions which guide this study:
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Research questions
1. What is the nature of the activitidgmt the Grade 8 teacher uses to

introduce
algebra?

2. What mathematical problems does the teacheramirdis she introduces
algebra in Grade 8?

3. What mathematical work of teaching does thehteado as she goes about
solving these mathematical problems in herhig@cpractice, specifically

in
order to introduce algebra to Grade 8 learners?

4. What knowledge resources does she call on iomtbrk?

Together, these questions will tell us and reveathematics for teaching in Lineo’s

practice.

4.7 ldentifying mathematical problems, the mathematal work of teaching and

algebraic activities

Table 4.4 shows that in the four lessons obserniado_grappled wittexplaining,

defining, questioning representing andworking with learners ideas It should be

noted that these elements of mathematical workea€ting do not occur equally
across the lessons. The most prevalent elememsibfematical work of teaching in

Lineo’s practice werexplaining, guestioning and working with learners’ ideas

(Table 4.4). Whiledefining andrepresenting are completely absent in lessons three

and four (this cannot be seen in Table 4.4 asv the overall quantification), | see
them as critical in Lineo’s practice hence theyl Wwi¢ discussed. As | pointed out
earlierrestructuring of tasks (see Table 4.4) does not occur in Lineo’s pracilde

variation in the presence of these elements of emadical work of teaching could be
linked with the nature of activities presenteddarhers. The activities presented were

mainly reading/writing and transformational actiest and were closed. Successful
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completion of such activities demands learnersndeustand the algebraic notation
(symbols and operations) and conventions theretiis Temanded that Lineo
wrestled with questioning, working with learnerdeas and explaining most of the
time so as to afford learners access to algebaaicapts, procedures and language by

unpacking algebraic conventions.

| have identified extracts from the four lessons to exemplify the work ofdeiag
that Lineo wrestled with as she introduced algebr&rade 8 learners. The excerpts
also serve to illustrate the mathematical problémas confronted Lineo as she went
about her work and the nature of algebraic ac#gitihat she used to introduce
algebra to the boys. Over-and-above the quotatitmesn different lessons
demonstrate that Lineo does not confront the samiematical problems and that
she does not deal with the entire work of teachingne episode or lesson. | have
also noted that within a lesson there are instamtese they occur in large numbers

and also where they do not occur (see Appendix 4).

4.7.1 Explaining
In the late 1980’s Shulman argued that teacherdete® know more of their subject

since they were to transform such knowledge intsmfthat could be comprehended
by learners. In line with this, Badit al. (2004) argue that teaching entails providing
explanations as to why the mathematical idea iomapt and valid. They point out
that “knowing mathematics for teaching demands...l@RrRmg the basis for an
algorithm and showing why it works” p.52. So explag has mathematical
entailments. Table 4.4 shows that in Lineo’s pcactexplaining is the second
frequently used with a count of 44 in four lesso@e may ask; what does

explaining in Lineo’s practice entail? | use thédaing extract to illuminate this:

1 The extracts that are being used here are the aartt®se that | have used before or those that are
used later. The reason for this is that some otttwsen extracts could shows more clearly more than
one of the constructs that | am using to analyietéacher’s practice hence they are repeatedobut t
illustrate a different construct or dimension of #tudy. Most importantly they are repeated foeexds
reading as one could have referred to the pagaicomy the extract.
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Lineo: Ok, traditionally we always put up the numbers before he
letter. So n 2is correct but we prefer to write the number beftire
letters. Alsowe don’t write the times between a number and the
letter. When | write 2n what are we assuming? 2 tinrme$he same
thing here with thex why did | write the curly ?

Mpho: we do not want a straight x

Lineo: Don’t call it out.

Thabo: inaudible

Lineo: Ok, as Thabo said, il were to write that as a
straightforward x what does that look like? times tmes 2 or xx2
doesn’'t make senseSo guys I'm going to be very strict with you,
when you write youx'’s, it is the only letter that you have to chanige.
want you to write it as a curly neatly. You neat to get into that habit.
| will take off marks if you don't  (Lesson Imnghasis in bold, 08:04
—09:00)

The excerpt above shows that in responding to éeareonventional way of writing
Lineo grappled wittexplaining. Her explanation is based on stating the conventions
Lineo focused not only on the correctness of tispaase but also on how the answer
is to be presented. So she is enculturating hemées into the mathematicians way of
writing. It is essential to note that while Lineo&xplanations focus on the
conventions in mathematics, they are likely noasgist learners to realize that they
[learners] are moving from the arithmetic repreaganal system [which has place
value] into an algebraic system [which does notehplace value]. This is because

she does not explicitly demarcate the two represemal systems.

The extract further demonstrates that Lineo wasdawith two mathematical
problems vizlanguage of algebrareading algebraic notation, writing algebraichlly
and manipulating algebraic symbols (symbol conflict). To resolve these
mathematical problems Lineo engaged in explanatitret focused more on
conventional fluency One notes that Lineo’s explanations were focusetow to
read and/ or write hence they were aimed at prorgogiading/writing activities of
algebra. The extract which follows demonstrates anothemesision of Lineo’s

explanations.
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Malawi: you always do the numbers then the vargble

Lineo: correct, the way | traditionally do the mplying, Kori, Oscar
you need to have a look at the board the processidlly do,l first
look at the signs, is my answer going to be negagéiwr positive?
Then 1 look at my numbers, and then | look at my vaables
(writes signs—numbers—variables). First thing, is my answer
going to be positive or negative? Then | look at # big numbers
and then | look at each of the letters separately(Lesson 2,
emphasis in bold, 28:09 — 28: 54)

While Table 4.4 [p.74] shows that Lineo employebbtaof explanations during her
teaching, the above excerpt sheds some light h@aature of these explanations. In
responding to a procedural question from Malawnela explains a procedure that
she normally follows when simplifying exponentiatrms. The use of arrows shows
that Lineo wants her learners to execute the stéipstively and efficiently therefore
this explanation is procedural in nature. Fromehkeerpt above, it becomes apparent
that Lineo explained in order to promai@nsformational activities of algebra
(Kilpatrick et al, 2001) [bold text].

Lineo also explained when learners seemed not\e geasped the concepts. In this
case Lineo’s explanation came as repetition whiclmy view does not mean that
learners would understand the concept better. Heryegpetition afforded Lineo the
opportunity to consolidate what was said, and #darers a second chance to hear
and possibly reflect on the concept. Repetitiontlhy teacher works more like
chorusing which turns to favour instrumental unterding as opposed to relational
understanding (Skemp, 1976). Instrumental undedsignis only knowing how
while relational understanding is about knowing howmhen and why. Lineo’s

explanations are tied to her questions. | now labguestioning in Lineo’s practice.

4.7.2 Questioning

Pillay (2006) points out that in his study of Naslpractice both questioning and

defining were less dominant. This is interestinghiat in Lineo’s practice questioning
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was the most frequent element of mathematical wbitieaching that was dealt with
in the four lessons. Could this be the functionLfeo’s pedagogical approach as
Adler & Pillay (in press) argue? The data shows Liaeo employed questions when
introducing a new concept, alerting learners of ethimg as well as when probing

their mathematical understanding. The extractftibiws sheds more light on this:

Ok, now my question is they are all lettenshat made you
distinguish thea’s apart from the x’s and apart they'’s, Hil?

Hil: They are different letters

Lineo: ok they are different letters. Mahomete, whauld be a
cleverer answer than that?

Mahomete: they look different

Lineo: they look different, Kele?

Kele: different shapes

Lineo: different shape of letterapw in terms of algebrg | ask you
the question againyhy did you classify them differently? Why did
you put thea’s in one group and thex’s and they’s in another,

Lethabo?

Lethabo: they have different values

Lineo: correct, thg's and thea’s will represent different numbers.
When | am using letters, two letters at the sammetil am assuming

that those values will be differenacould be 10, xcould be 5

andy could be — 100, ok different values, any questofias. (lesson

1, emphasis in bold, 15:11 — 16:27)
The above extract indicates that Lineo wantecetowghether thiearners understood
the mathematical reason behind putting the a’s,axid the y’'s in three different
groups. While learners were able to give correstnanms, these in Lineo’s view were
void of mathematical understanding hence she didtaiee them as answers. This
shows that Lineo foregrounded mathematical meahingerstanding rather than
everyday knowledge in her teaching. We see thahiginterval, Lineo attempts to
attach a mathematical meaning to the symbols {&ttesed in mathematics, thus the
activities in this interval areeading/writing activities. The excerpt also shows that
the mathematical problem confronted by Linedaisguage of algebra particularly
variables as generalized numbehs.order to combat this problem Lineo engaged in

an explanation which drew on empiricahthematical knowledge to assist learners in
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conceptualizing letters as representing numberg. &tiract below illustrates how
Lineo used questioning to develop common understgnaf mathematical symbols/

notation in her class.

What does that cot mean” (points at the dot between 2 and 4)
Learners: times

Lineo: times, you have seen that before?

Learners: some say yes, others say no

Lineo: yes, no. those people who possibly have seen it before,
again to prevent confusion instead of writing the times hseathat
might be confused with the we just write a dowrites2e+ 4) as soon

as you see a dot, it will mean a times. So 2 tiebtimes 2, the same
difference (Lineo, lesson 1, 23:20 — 23:49)

Here Lineo posed a question to draw learners’ aterio the dot between 2 and 4
[see bold text above]. She immediately proceedsexplain that it means
multiplication. In so doing, she embarked on dep&lg a common understanding of
the mathematical notation. She pointed out thatrt#eson for using a dot is to
prevent confusion of x and the multiplication sigmderlined text]. This turns to
undermine the fact that the mathematical probleam tineo confronts at this point is
manipulating algebraic symbols in particularsymbol conflict Symbol conflict goes
beyond mathematics since in everyday speech the skamis interpreted as a full
stop which marks the end of a statement. as a @aelecher, | have found the use of
a dot in mathematics to be very problematic forioew as it could be interpreted in
two different ways, as an operation (multiplicajion both algebra and arithmetic
and also as an indicator of place value in aritien&Vhat | can infer from Lineo’s
explanation is that learners bring different megsainf notations (symbols and signs)
into mathematics which may differ from those fouimd mathematics hence the

teacher has to address them.

These excerpts show that Lineo engagedesding/writing activities in order to
attach a mathematical meaning to a dot as usedathematics and to the letters

(variables) used in algebra. Again one can seelfing@b’s questions are focused on
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transformational and reading activities because they provide cues as to what
learners should do when they see dot [i.e. learsteosld be able to read it [dot] as a
multiplication sign and be able to execute the edoce i.e. calculate the product].
Boaler (1997) refers to this cue-based teachinpa®’ transmission. Through her
comparative study at Amber Hill and Phoenix ParalBr (op cit) argues that ‘pure’
transmission method employed by teachers at Amiderddulted ininert knowledge
[i.e. knowledge that did not transfer to contexéyydnd where it was learned], in
contrast, the problem solving approach used at ftkgeark resulted inflexible
knowledgeli.e. transferable knowledge]. | do not intend dichotomize Lineo’s
practice but to indicate that these dichotomiedenttiey describe the end product of
learning (knowledge gained) they do not tell usthimg about the work of teaching
that occurred in the two schools, the knowledgeus=es that the teachers drew on or
the mathematical problems which the teachers cotdtb In addition, the
dichotomies do not say anything about developingrfty in mathematical language

which seems to be critical in Lineo’s teaching lgjedra.

The previous extract further shows that Lineo pogeestions in order to automate
the execution of certain procedures in the presericthe dot. in doing this, she
endeavoured to provide the learners with the retiognrules (Bernstein, 1996) so
that they could produce the expected text in thesgmce of a dot. Consequently,

Lineo assisted her learners in mastering both foamstional and reading activities.

Lineo did not only use questioning for teaching meatatical notation. It was also
used to teach properties of basic mathematical atipes as illustrated in the

following excerpt

Lerato:6xy, (others laugh)

Lineo: You said there were six pairs of xy or yx. Let’s bek track,
when | say xy, let's back track even further, when | say twon in
guess my rule, what were you meaning, Henry?

Henry: 2 multiplied by n

Lineo: 2 multiplied byr so when two things are next to each other
with no sign, no plusing, minusing, multiplying,valing, we are
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assuming timesing, 2 timas. Now if | havexy what am | meaning?

x timesy , yx what am | meaning?

Learners: y timesx (chorusing)

Lineo: so now isxy and yx the same thing as separating the y’s from

the x’s? ... | separated them out. No because itisggto be the same
answer. If | say 10 times 2 the answer is 20, & §at nothing to do
with adding the 2 and the 10, | can’ break themQ@ig? But now let’s
put in some numbers, umm Mthetwa give me a number.

Mthetwa: 16

Lineo: ok let's make youx 16. Mathe give a smaller number
Mathe: 3

Lineo: let's makey 3, so when | say times y, what is the answer

going to be, whernxis 16 andy is 3?
Learners: 48
Lineo: 48, so this is 48, so all the xy’'s are Bdw let's see ifyis 3

because that's what we said y was aml16, what is 3 times 167
Learners 48
Lineo: 48, so the question is Wily, ig different fromyxor the same?

Wily: the same

Lineo: the same, coming with the same answer, vendtbay 2 times

3 or 3 times 2 it gives the same answer so algeddhaithat (ticks

6xy) is the correct answer. (Line, Lesson 1, 19:23:20)
Here we see that Lineo employed questioning to lclvdwether her learners could
read the symbolic algebraic writing [bold text].eSinen moved on to teach them that
multiplication is commutative. This property is yemportant when simplifying
expressions as it helps one to see things thabappde different as being the same.
The extract also shows that to drive the commutapvoperty for multiplication
home, Lineo relied on moving between arithmetic clhiearners are familiar with
and algebra. While this could have been helpfuhtise learners who have come to
terms with the use of variables it could have ceatlor created a barrier to others
since xxy=xy but 2 x10# 210 . However, this sheds light into the depth of

Lineo’s pedagogical content knowledge in partictlar knowledge of her learners. It
also suggests that Lineo sees algebra as generalitlemetic. As | mentioned earlier
Wheeler (1996) and Wu (2001) support this conceptid algebra. The above
quotation further shows that the mathematical mwbthat continued to dominate
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Lineo’s practice wasanguage of algebra (reading algebraic notation and writing
algebraically). Questioning in Lineo’s practice was also used irvethgping
mathematics vocabulary and conceptual understandmglLineo defined terms
(product, constangtc) that are often used in a specialized way in nmattes and
mathematical concepts such as variable. One canthsé&uestioning was used in
order to engage learners in boteading/wring activities [see bold text] and
transformational activities [italicized text]. In this practice questioning tied to

defining, | now focus my discussion on defining.

4.7.3 Defining

Skemp (1986) argues that definitions add precistothe boundaries of a concept
once formed and state explicitly its relation tdnest concepts. Vinner & Dreyfus
(1989) argue that most of these definitions an@dhiced to learners at high school or
college though learners do not necessarily use tvben responding to questions.
Thompson (1994) defines concept definition as “astmmary or conventional
linguistic formulation that demarcates the boundafy a word’'s or phrase’s
application”. Ballet al. (2004) argue that defining mathematical concepfzart and
parcel of the teacher’s daily work. They point dbat teachers define concepts
relative to the grade level of their learners. Thagss that such definitions must be
based on concepts that have been defined and wlveaerstood. In support, Skemp
(op cit) would argue that “concepts of higher orttean those which people already
have cannot be communicated to them by definitibns only by arranging for them
to encounter a suitable collection of examples” #rat “since in mathematics these
examples are almost invariably other concepts, ustnbe ensured that these are
already formed in the mind of the learner” p. 3Bkemp (1986) further argues that
‘good’ teachers intuitively back up definitions tvisuitable examples. Badit al.
(2004, p.58) argue that

knowing mathematics definitions for teaching therefrequires more
than learning mathematically acceptable definitiamscourse. Also
needed is being able to understand and work witlnitiens in
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classrooms, with pupils... a definition of a mathep#t object is
useless no matter how mathematically refined ayaeig if it includes
terms that are beyond the prospective users’ krayyele

So there is consensus amongst the researcheris et that definitions are critical
to learning and teaching of mathematics. Reseaschierh as Balkkt al (2004) and

Skemp, (1986) seem to concur that definitions ghdake into account what the
learner already knows with the hope of developinghs knowledge further.

Consequently, defining has become a common practiceathematics classrooms.

Table 4.3 shows that Lineo employed defining in keaching. It is also noted
(Appendix 4) that whenever Lineo defined she drewnmathematical knowledge
This exemplifies my earlier suggestion that Lineerss to foreground mathematics

in her teaching. The extract below explicates ploisit further:

Lineo: Ok, first things first, let's make a note what variables are
(writes on the board variable). Ok, it's the fidgfinition, what do |
mean by a variable?

Lineo: something that can changesll me a bit more. Thabo, if you
can ... now that is English, it's a variable becatlsgre is a variation,
not mathematicallyl gonna still pick onyou Thabo mathematically it
says you can ... give me some more

Thabo: inaudible

Lineo: Ok, Henry

Henry: inaudible

Lineo: Ok all of you are right, let's talk mathencally, in_algebra
when | am talking about a variable | am talking abait a letter of
the alphabet that canassume any valudwrites a, b, ¢, d, ..., X, v,
Z) so_any letter ofthe alphabetand | make you write down your
curly x (lesson 1, emphasis in bold, 30:50 — 31:26)

Here Lineo engaged in defining a variable [see libkl & underlined text]. She
openly rejected learners’ definitions on the grautitat they were not mathematical
[see italicized text]. She pressed learners toomdpnathematically but they failed,
which eventually led Lineo to define a variable gsleold and underlined text].

Lineo’s definition of a variable is accompanied damples of the letters that could
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be variables. By stating these examples Lineo wssstng her learners to
conceptualize a variable. The extract also dematestr that Lineo listened
evaluatively (Davis, 1997) to her learners’ resgsnas she immediately dismissed
most of them. The extract further shows that Lirgrappled withguestioning,
defining andexplaining. The mathematical problem confronting her at tlogmpis

language of algebra (defining) Once again, we see Lineo drawing on empirical
knowledge in order to fix meaning of variable. Téyecerpt also indicates that Lineo
sees herself as the custodian of mathematics coesty she uses her authority to

instil a particular way of writing x.

The extract further shows that Lineo regards thestemg of conventions and
terminology in mathematics as critical as concepésto learning mathematics. In a
follow up interview | asked Lineo about the importa of defining terms and

concepts. She said,

... they need to know that umour terminology in mathematics is
important, umm when | am talking about umm a constant thesdn
to know it is a number, it has got a role and thegd to know umm
thatmathematics language is important and that it willbe to their
own detriment in future if they do not learn to mathematics
properly. Umm | will always emphasize the definitions and
terminology and when they give me back an answehal are not
saying it correctly | will correct them... (Lineo, lfow up interview,
L189 - L197)
Lineo stresses the importance of mathematical laggurefer to bold lines). It is
essential for future learning and communicatiomiathematics. Setati (2005) argues
that “language is not only a tool for communicatamd thinking but also a political
tool that can be used to gain access to educatamthimaterial resources”(p.464). It
is therefore critical that learners are assistedameloping fluency in mathematical
language so that they can have access to the eshalaand political opportunities in
the global market as well as being contributingzeits. So Lineo usedefining to
develop understanding of algebraic concepts andsesdions and also for the

development of mathematics register, in particwiacabulary. We see that Lineo
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considers communicative fluency to be a criticahponent of learning mathematics.
This could be the reason why she engaged leameeading/writing activities. The

extracts above show that MfT in this case is charaed by terminology.

Lineo relied on examples whelefining (Ball et al 2004; Skemp, 1986). This could
have helped learners to visualize and form mentage of the concepts thus
developing a better understanding of the concems tould be achieved with a
definition alone. The use of these mathematicahmgtes indicates that Lineo drew
on empirical mathematical knowledge to legitimateaming for the boys and that for

Lineo meaning of algebraic notation [symbols andrapons] lies in examples.

For Lineo mastering mathematical terminology is t@nto success in learning
mathematics and this is what she emphasizes. Toee dpelow sheds more light on
this:

Lineo: Ok term, what do | mean by a term? Anyone&across that
word before?

Lineo: Ok, let me give it to you before you comehnall your English

definitions An example will be better; (writes on the boatti®y are

separated by pluses and minuses (Lineo, lesson@5 3 37:27)

Here, Lineo makes it explicit that learners’ everydanguage is of no use in
mathematics (see underlined text). This is conttady to well documented view that
learners main language can be exploited in supmgpigarning. One can see that
Lineo confronts a dilemma here. Allowing learnecs participate offers her the
opportunity to work with learners’ ideas; howevet, seems not to enhance
acquisition of formal mathematical language or fantogy which Lineo seems to be
foregrounding as learners are not able to crossbthendary between everyday
meaning of words and the mathematical meaning. P{&881, p.21) alluded to this
challenge by saying “one difficulty facing athathematicdeachers [italics added],
however, is how to encourage movement in theimksa from the predominantly

informal spoken language with which they are préiignt, to the formal language
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that is frequently perceived to be the landmarknathematical activity. In addition,
Lineo seems to regard learners’ Language of Legramd Teaching (LoLT) (Setati
et al, 2002) as an obstacle rather than a resourcediid be harnessed to promote
learning. It is essential to note that mathematioes not have its own words or
symbols but it relies on those found and used iturad languages. This is
problematic in that it blurs the boundary betweeathmmatical meaning and the
everyday meaning of words, symbols and operatitmsupport, Wheeler (1996)
argues that using the same words gives learnensnihression that meaning has not
changed. Hence teachers are to assist learneristingdishing between everyday
meanings of words and mathematical meanings oteeraome learners may not be
able to recognize the speciality of the contexvimch the word is used, consequently
may fail to produce the expected text (Bernste896). So through defining, Lineo
endeavoured to provide her learners with both ¢lgegnition rules (Bernstein, 1996)
so that they could spontaneously produce the tegie text. In the process of

defining, Lineo finds herselfvorking with learners’ ideas or blocking such ideas as

the above excerpt reveals. The mathematical probierinconfronted Lineo in this
case islanguage of algebra (e.g. defining).The next section illustrates how Lineo

worked with learners’ ideas in her practice.

4.7.4 Working with learners ideas

A quick glance at Table 4.4 shows that workinghw@arners’ ideas was the third
most common element of mathematical work of teaghvhich Lineo wrestled with.
Working with learners’ ideas in this study entailethnalyzing errors and
misconceptions, evaluating explanations, interpgeind responding to learners as
well as appraising unexpected claims, solutions aredthods” Ball (unpublished
work). The excerpts that follow illustrate this mkent of mathematical work of

teaching in Lineo’s practice.

Malawi: you always do the numbers then the vargble

Lineo: correct, the way | traditionally do the mplying, Kori, Oscar
you need to have a look at the board. The processdlly do, ffirst
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look at the signs, is my answer going to be negagivor positive?
Then | look at my numbers, and then | look at my vaables
(writes signs—numbers—variables). First thing, is my answer
going to be positive or negative? Then | look at # big numbers
and then | look at each of the letters separately(Lineo, lesson 3,
emphasis in bold, 30:37 — 30:50)
Malawi asked a procedural kind of question regagdhe coefficients and variables
when simplifying exponential terms. Lineo respopdscedurally by saying that she
usually deals with the signs followed by the caméiints and then the variables. She
placed more emphasis on the procedure by indicatitig arrows the sequence that
has to be followed. The fact that Lineo talks aldaihg one thing at a time indicates
that she attempted to develop strategic competascehe advocates that learners
should have a plan whenever they tackle a matheaba#isk. The above extract also
highlights teaching strategies that Lineo employken introducing algebra to Grade
8 learners. She used repetition to foster undetsigrof the procedure (process) that
she frequently uses when simplifying exponentiahte In a similar study of a Grade
10 teacher’s practice conducted by Pillay (2006)was found that Nash used
recapping process through which he provided explamato consolidate what was
done and focus the learners’ thinking. Workinghwigarners’ ideas afforded Lineo
the opportunity to identify and tackle errors anideanceptions that learners brought

into the lesson. The excerpt that follows exemgdifihis point.

Mahomete: mam, if it's like 3x plus 5x plus 2b wduhe answer be
10x (inaudible)

Lineo: let's do that example, you s8ixi+5x+2b=, do that by
yourselves, if you are not certain you can do thgtencil and come
up with your answer. (Silence) August, what do tlwok your answer
could be? It does not matter if it's wrong.

August10xb

Lineo: 10xbtell me how you got the answer

August: umm Mam, x and b can be the same valuerfirted).
Lineo: can they?

August: no

Lineo: Ok, you are happy they are going to beedéit values.

Let’s have someone different, Mohapi?
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Mohapi: 8x + 2b

Lineo: 8x + 2b (writes it on the board)onvince me you are right
Mohapi: we have 3x plus 5x, and 3x plus 5x is 8anthanother term
which is 2b

Lineo: Ok, Mohapi, this is right, th& on the board, remember when
we had thex _and thex_2 or the xand they, the X_you put in one

group and they in one group, the same thing here, thebelong with

each other and how many are they, there areS8snbnd thatgis a

completely different story, he belongs by hims&l.+ 2b, how many
got that one correct? (Lineo, lesson 2, 13:38 27)5:

The above extract typifies the kind of mathematmalblems that confronted Lineo,
what | have described amanipulating algebraic symbols. She confronted a well
known misconception calleconjoining(MacGregor & Stacey, 1997 indicated in
section 1.3.6, that this misconception could be rmult of overgeneralization of
arithmetic operations where novices turn to interpaddition to mean combine
symbols and replace with another. | also indicabed it could be originating from
balancing equations in Chemistry. In support, Nesli£987) argues that
misconception often derive from previous learning experience which is
overgeneralized. MacGregor & Stacey (1997) argw# Home errors crop up as
learners attempt to apply “algebraic manipulatisas'solveformulate equations/
algebraic expressiongitalics added]. For cognitive theorists (NesH&87; Hatano,
1996) misconceptions indicate that novices are toocting knowledge as these are
not explicitly taught. On the other hand situatiheorists see misconceptions as
inappropriate or partial use of the tools in a pcac | note that the activity in this

event istransformational in nature.

In the previous excerpt, Lineo seems not to agrdle August’s response but does

not give the reason for her objection. Earlier lango had said “correct, the's and

thea’s will represent different numbers. When | am gsletters, two letters at the

same time; | am assuming that those values witlifferent. a could be 10,x could
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be 5 andycould be — 100, ok different values” (lesson 1,11516:16).this quote

sheds some light into Lineo’s objection. for hex tlse of different letters implies that
the values of the variables are different hence ustigis incorrect. Lineo’s
explanation and objection to August’s responseois surprising as Brodie (2005,
p.35) points out that “many teachers, when thest fintroduce variables, talk about
different letters representing different numberd same letters representing the same
number.” Whether Lineo dealt with this misconception appiatgly or not is
beyond this study. My study is not aimed at mal@mgluative judgements but rather
analytic judgements of Lineo’s practice so thabuld be able to describe the work of
teaching which she embarks on as she goes abowvdr&r However, the extract
shows that Lineo’s explanations were not always heragatically rigorous. The

excerpt further shows that MfT is transformatioimahature [see underlined text].

The above activity in the excerpt above [see pa@jeaihough set up to engage
learners in transformational activities, it was lempented in a way that enabled
Lineo to assist her learners in developing reagpskills as she asked the learners to
convince her that they are right [see bold texgttiBg up activities to introduce
algebra implies that one has to assist learnemet@®lop mental images of what
algebra is made up of. For Lineo this demandedagng in various algebraic
activities (Kilpatrick et al., 2001). By embarking in these activities, Lineo
endeavoured to assist her learner in developindgy lsoinceptual understanding,
conventional and communicative fluency. In the isecthat follows, | discuss the use

of representations in Lineo’s practice.

4.7.5 Representing

A quick glance at Table 4.3 shows that representjugt like defining is least

encountered by Lineo. Lineo mainly wrestled witpresenting only in lesson 1[see
Appendix 4]. Given that lesson one was taken ttheefirst lesson in which algebra
is formally introduced to the boys, one can undedtthat Lineo intended to help her

learners to conceptualize algebra hence the uskffefent representations. In this
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lesson Lineo used pictorial, symbolic and algebraepresentations. These
representations enabled Lineo to gradually leadldeners from identifying ‘same
terms’ [in soccer kit activity] into collecting l&terms and writing down algebraic
expressions [as in random distribution of term® page 93]. The South African
Curriculum 2005 (C2005) encourages teachers tayriate learners’ everyday into
mathematics. Aligned with C2005, Lineo introducégeara through the following

activity

| want you to count how many of the same thing taey. How many of the
same things are there? Not similar, same.

Khau: | also added the badges (unclear) the badges on tkhorts, socks
(others make some noise)

Lineo: Ok, no no (unclear) thinking out of the baxagree with you that is
another way of looking at it and then how many lesddid you get?

Lineo: you could nothing is stopping | gave you an open ended question, a
pretty arbitrary kind of pre-school exercise. Whathe whole point of it?
Yeah, all | am reminding you is that Italy wofLineo, lesson 1, 09:52 —
10:05)

As the question indicates (see italicized text &dkis activity was not challenging
enough for the B8 graders because for most learners it could berdedaas packing

clothes which has nothing to do with mathematicsarbers were expected to use
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their everyday experiences in grouping same objadtsvever, this could have
misled some learners as there is no specific prppleat could be used. For instance,
Khau separated the badges from clothes. Algebhpicahat Khau did is not allowed
as it changes the form of the given term but thenopss of the activity forced Lineo
to ignore the mathematical sense of the responseeols subordination of
mathematics to the everyday is not unusual. Adteyrnara & Graven (2000) [cited
in Ensor and Galant (2005)] who studied Mrs. Shagigweaching practice argue that
mathematics was backgrounded while the everydaly taer. Sethole (2004) who
studied two teachers in South Africa also made lamabservations and argue that
whenever mathematics is integrated in everydayestsione discourse will dominate
the other. The question is; what mathematical kedgé for teaching does Lineo
need to know and know how to use in order to intoedalgebra meaningfully while
integrating with the everyday? Ensor & Galant @i 291) point out thatonly
when learners have gained mastery over key aspéctathematics can they reach
beyond mathematics to mathematize other areashoAgh contexts such as
everyday help to make mathematics less abstraey, fiay be very problematic for

those learners who do not have the mathematical &yget.

Lineo indicated during the follow up interview theéte purpose of the soccer kit
activity was to refocus the learners’ thinking,ltodge the gap between arithmetic
and algebra as well as to make algebra less abslfrag interesting to realize that
while the activity was aimed at helping learnersctinceptualize algebra Lineo
focused on the answer hence the activity ended eipgbprocedural. |1 have

mentioned earlier that the soccer kit activity lgouup tension in Lineo’s class in
terms of how to identify like terms. The excerpattiollows illuminates this claim

further:

Lineo: Let’s see the next thing, projects
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Lineo: Ok, Rob?

Rob: five x squared plus three x

Lineo: so you have fivex squared and threg (writes5x” +3x) in
other words what | have written therex &quared, you are talking 5
lots of xsquared, agreed? And continue Robert why did yassdly
the x squared and differently?

Tumi: (asks but inaudible)

Lineo: ok | do get what you are saying; now | wgot to start thinking

algebraically. If we gave this exercise to Grade dr Grade 2’s they would
do exactly, what you are saying (all laugh) | agneth you, sorry | didn’t

mean it. Tumi you understand what | am saying (steugh) Ok. No, no,
what | am saying is, is not to put you down Tumprbmise. What | am
saying is | want you to start thinking algebraigalHe is 100% correct |
would give him all the marks at this stage becalkéhave said to you is
classify them and he is saying let's put those2their own category. He is
right. Why can’t they be? But now we are startiodhink algebraically, it's
going to be an issuél._ineo, lesson 1, 16:28 — 1851)

representations seem to have helped Liteoautomate symbol

manipulation as learners were quickly verbalizingtmematical expressions. In

addition, symbolic representations afforded Line® dépportunity to transform verbal

utterances into formal symbolic mathematical exgigss which she wrote on the

board. In this way she taught learners how to wugeng algebraic notation. The

excerpt reveals that mathematical problem whicHrooted at this point Lineo was

language of algebra, specifically interpreting teas’ ideasAs Lineo confronted this

mathematical problem she embarked on mathematiogt wf teaching. Engaging

with the mathematical work of teaching in turn deahed that Lineo made appeals in

order to fix meaning of algebra for the boys. Iis thxtract Lineo drew oempirical
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mathematical knowledgeto explain why x and x*> would be placed in different

groups. She pointed out thatxfwas 3 the value ok® would be 9 and that 9 and 3
would belong to two different groups. In additiowhen responding to Tumi’s
question she explicitly indicated that she pref@gebraic thinking so she expected
learners to draw on mathematics whenever they dr@eee underlined text). Tumi
just like Khau separated the exponents from thaseb to form a group of twos
alone. However, this time Lineo realizes the problen Tumi's response and

attempts to correct it by pressing Tumi to thingeddraically. What | find interesting

here is that Lineo did not ask Tumi whetmeans as she did on previous occasions
which | think could have helped Tumi to see thenewere unlike terms. The extract
further shows that Lineo represented learners’ aledtterances algebraically. This
seems to underscore the fact that the mathematioblem that confronted Lineo at

this point wagepresenting.

So far | have engaged in answering my first, secmdl third research questions. |
have shown that Lineo employed representationahnstormational and
reading/writing activities when introducing algelicaGrade 8 learners. | identified
manipulating algebraic symbolssyimbol conflict conjoining representing and
algebraic languagerdading algebraic notation(signs and symbols)writing
algebraically, defining, and interpreting learners’ ideds as the mathematical
problems that arise in Lineo’s practice. These ematitical problems compelled
Lineo to wrestle withexplaining, defining, representing, questioning and towork
with learners ideas If these are the activities that Lineo uses, nieghematical
problems that occur in Lineo’s practice and the kmof teaching that she grapples
with, then what knowledge resources does she drawhen helping her learners to
make sense of algebra? In the sections that follaigcuss the knowledge resources
that Lineo drew on as she legitimated meaning mcless with the hope that these

would shed more light on Lineo’s practice.
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4.8 ldentifying knowledge resources in use in Linég practice

In chapter two, | discussed Lee Shulman’s (198&/Gdk and the term Pedagogical
Content Knowledge (PCK) in order to describe thevedge that teachers need to
know and use. When teaching, mathematics teacfiers r@ly on their mathematical
knowledge in fixing meaning for their learners. dbgh their study of Nash’s
practice, Adler & Pillay (in press) found that meshatical knowledge had three sub-
categories namely (i) rules and conventions, @frdtions, and (iii) empirical use

of numbers and examplésalics added]. They further indicate that teasheould
also use curriculum knowledge in its various formsswell as their experience which
could either be everyday knowledge, professionabvwkadge or authority in
legitimating meaning. Now, the questions that dfimteresting for this study are;
does this teacher call on these knowledge resowrcethers as she goes about her

work?; What does she use these knowledge resoiarciesher practice?

In the sections that follow, I discuss the knowlkedgsources which Lineo called on

as she went about her work.

Table 4.4 shows that Lineo drew amathematical knowledge curriculum
knowledge and experience It is interesting to see that these knowledgeuees
were called on in varying amounts. Mathematicalvedge was the mostly used
resource. Within mathematical knowledge, | notedl ttules and conventions was
mostly used followed by definitions. Empirical wtee least called on. Curriculum
knowledge was the least used resource. It camelagothrough assessment (test and
exams) as well as in teaching materials (worksheet$ textbooks). In Lineo’s
practice, experience consists of everyday knowlgggefessional knowledge and
authority. In the sections that follow, | discusacle of these knowledge resources

found in Lineo’s practice.
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4.8.1 Mathematics

| indicated earlier that whenever Lineo definede seemed to use definitions that are
mathematical and she rejected responses that lackt#tematics. When dealing with
the notion of a variable, Lineo pressed Learnegite a mathematical definition. To
exemplify this point, | draw your attention to thederlined text in the extract below:

Lineo: something that can change. Tell me a bitan@habo, if you
can ... now that is English, it's a variable becatlisze is a variation,
not mathematicallyl gonna still pick on you Thabo mathematically it
says you can ... give me some more

Thabo: inaudible

Lineo: Ok, Henry

Henry: inaudible

Lineo: Ok all of you are right, let's talk mathencally, in algebra
when | am talking about a variable | am talking @thm letter of the
alphabet that canassume any valudwrites a, b, c, d, ..., X, y, z) so
any letter of the alphabet and | make you write Wowur curly x
(lesson 1, emphasis in bold, 28:07 — 33:16)

Realising that learners are unable to provide demaatical definition, Lineo drew on
her mathematical knowledge(in particulardefinitions) to provide a mathematical
definition of a variable (see bold text). In adalitj Lineo wrote examples of the
letters that could be used as variables. By statwegexamples of a variable, | see
Lineo as defining in ways that are appropriateht learners (Grade 8) as argued by
Ball et al (2004). In this way she represented what a viriab or looks like.
However, this was over-emphasized at the expensdnaf a variable stand for. Here
we see that Lineo drew ampirical mathematical knowledgeto legitimate what a
variable is or looks like as opposed to what ihdgfor. In this way she was helping
learners to conceptualize a variable hence defiomgpled with examples was to
enhance conceptual understanding. In support, SKEd®6) argues that concept
formation requires a number of experiences withommon property. He further
points out that “naming can, also play a usefulmastimes essential, part in the
formation of concepts” p. 23. So by writing letterfsthe alphabet on the board and
naming them variables, Lineo afforded learners apodunity to encounter an
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example of a variable. This shows that she endeadoto develop conceptual
understanding and also to automate the use of iabl@ar(letters in particular) in
mathematics by pointing out that a variable care taky value which implies that

variables could be treated just like numbers.

Introduction of variables (letters) into mathemsticconfronts Lineo with
manipulating algebraic symbolsyimbol conflidt because there is a clash as to how
one differentiates between the letter x and thetipiigation sign. In order to
overcome this problem, Lineo engaged in teachirsg fhaced more emphasis on
conventions that are used in mathematics. The ax#faows that Lineo appealed to
mathematical conventionsto resolve symbol conflict. She encouraged hemkys

to use a curly x when writing algebraically. Linegfers to these conventions as a

tradition of mathematics.

Lineo: Ok, traditionally we always put up the numbers before he
letter. So n 2is correct but we prefer to write the number beftire
letters. Alsowe don’t write the times between a number and the
letter. When | write 2n what are we assuming? 2 tinrme$he same
thing here with thex why did | write the curlx? (Lineo, lesson 1,
08:04 — 08:30)
The excerpt indicates that she engaged in exptaioomventions and mathematical
notation (see bold text). What we see here is lthe#o drew onmathematics, in
particularmathematical conventionsto legitimate a particular writing style (where
numbers come before letters and the multiplicatsdgn is not written). It is
interesting that the only reason given to learnerghat it is a tradition. This
contradicts the fact that most of her explanatiand definitions were mathematical
in nature. At times Lineo could not find preciserd® to demarcate the idea under
discussion (I draw your attention to the bold tegtow) in which case she drew on
empirical examples in mathematicsto elaborate the idea and to fix meaning thus

helping learners to understand as illustrated below
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Lineo: coefficient, have you guys come up with €icednt before?
(Writes, it is the stuff before) bad English. The question is before
what? Let's do an example and see whether it makegnseIf | say
to you what is the coefficient of x in the followgnlt is the stuff
before the variable

In 3x is 3

In —15x is -15

In 10ax is 10«Lineo. lesson 1. 34:C- 37:07)

The above extract also demonstrates that whiled_foeegrounded mathematics she
was not always mathematical as she used wordsslide’'. This is not to imply that
she lacked the correct mathematical language latitstie could have been restricted
by her learners’ knowledge of the subject andatggage. The extract further shows
that defining in mathematics can be very probleondiie to the hierarchical nature of
mathematics. Some terms or concepts are best defimeelation to others or in
context i.e. in relation to the question at handr iRstance, in the excerpts above
coefficient was best defined in relation to the gjimm. Defining a coefficient is
complicated by the fact that one variable couldabsoefficient of another variable.
Ball et al. (2004) working within elementary mathematics arthed teachers should
define concepts in relation to the grade levelh&f kearner. It is assumed that such
definitions would be robust enough to generalizéeamers progress from one grade
to the next. The extract above indicates that waykwvithin algebra presents more
challenges to the teacher in finding definitionattare rigorous enough to generalize

as some terms (e.g. coefficient) are best definemntext.

The work of teaching that she grappled with as isi@duced algebra involved
explaining these conventions i.e. how learners Ishowrite using mathematical
notation. In this way learners were exposed togtia@nmar of algebraic language. In
order to assist learners in making sense of this laaguage Lineo drew on various
examples. For instance, to make sense of the coativeiproperty of multiplication

Lineo allowed learners to substitute numbers fpandyx ) and compute the

products. What the excerpts above suggest is th&f M this practice is
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mathematical and composed of empirical knowledggthematical conventions and
terminology.

4.8.2 Curriculum and experience

| indicated earlier that Lineo sees herself asciltodian of mathematics. She uses
her professional knowledge to dictate which writstgles (numbers before letters)

are acceptable in mathematics.

Lineo: Ok, traditionally we always put up the numsdefore the
letter. So n 2is correct but we prefer to write the number beftire

letters. Also we don’t write the times between abear and the letter.
When | write 2n_what are we assuming? 2 tinme$he same thing

here with thex why did | write the curly ?
Mpho: we do not want a straight x
Lineo: Don’t call it out.

Thabo: inaudible

Lineo: Ok, as Thabo said, if I were to write thataastraightforward x
what does that look like? times times 2 or xx2 ddasake senseSo
guys I'm going to be very strict with you, when youwrite your x's,
it is the only letter that you have to changel want you to write it
as a curly x neatly. You neat to get into that habltwill take off
marks if you don’t (Lineo, lesson 1, 08:04- 09:03)

The extract above indicates that the mathematicalpms that confronted Lineo
were language of algebra (reading algebraic natatwriting algebraically)and
manipulating algebraic symbols (conflicth order to address manipulating algebraic
symbols, Lineo drew on heprofessional knowledgeto unpack mathematical
conventions for her learners (see the underlined above). In unpacking these
conventions Lineo drew omathematics The extract further shows that she used
her authority as an old—timer in this community of practice ahd curriculum in

the form of assessment (test/ exam where learnerspanalized for incorrect
responses) to coerce learners into writing a carflydraw your attention to the bold
text in the extract above). By drawing on this Wiedge resources she also

addressed what | termed language of algebra prablem
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Lineo’s unpacking is not limited to conventionalysaof writing in mathematics [e.g.
X versus multiplication sign]. She also unpackedth@@atical operations. In
responding to Lefu’s question about the use ofrarna and the dot in mathematics,
Lineo drew on her knowledge of the South Africamriculum and said; Ok that’s

why in South Africa we use a commalf | want a decimal place | will put a comma

Ok, it's a good question that's why | wanted youask it (write2+ 4 that would

mean times.” (Lineo, lesson 1, 23:51 24:38). Hereed legitimates meaning for a
mathematical operation by unpacking from the Sd\itican curriculum [see bold
text] andauthority [underlined text]. In contrast, Ball & Bass (200@all et al
(2004) and Adler (2005) talk about unpacking fréma mathematics.

As indicated earlier Lineo confronted a number ohtmematical problemsTo

address these problems Lineo engaged in expli@chiag of mathematical
conventions. Lineo employed hprofessional experienceto teach mathematically
accepted writing styles when using algebraic notatiFor example, while writing

d5+r3 is mathematically correct it is not an approvedywaf writing in

mathematics. In other words, Lineo taught the stingcof algebraic sentences by

pointing out that when writing algebraically numbaiways precede variables.

Lineo’s practice suggests that teaching mathemajmss beyond concepts and
algorithms. There is notation, terminology as wadl rules and conventions which
should also be taught. These may demand that teadh@wv on various knowledge
resources in order to make the subject meaningfid eomprehensible to their

learners.

In section 4.7, | engaged with the identificatiord adiscussion of the mathematical
problems that confronted Lineo, the nature of algiebactivities that she used when
introducing algebra and the work of teaching white wrestled with hence
answering my first, second and third research gquest Section 4.8 focused on the
knowledge resources which Lineo called on to letgate meaning for the boys thus |

endeavored to answer the fourth research quedhiothe section that follows, |
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discuss the interviews | conducted with Lineo relgag her teaching in relation to the
research questions that guide this study.

4.9 How does Lineo describe her teaching?

Observing Lineo while she taught provided a windbrough which her actual work
of teaching could be looked at, it does not shetitlinto how and why Lineo
organized the activities as she did. In order tbiggght into the work of teaching,
knowledge resources called on and the mathematiohlems that confronted Lineo

at this stage | discuss the interviews that | catetliwith her.

It is important to mention that | began this stwdyh an assumption that algebra is
introduced to learners when they get to Grade &ed.iindicated that this is

theoretically true but in practice some schoolsohtice algebra to learners earlier
(i.e. in Grade 7). Introduction of algebra intdngol mathematics is a hotly debated
topic in mathematics education research. Lineocatéid that she was going to
assume that all learners have not done algebranWhsked her what she thought

the boys would learn in the first lesson she said;

Lineo: my goal is to make them familiar with usiagariable,
instead of a numbprumm especially |_wanted to do
terminology, what is a term, coefficient and const&nd then
also ummdifferentiating between like and unlike terms
(Lineo, pre-teaching interview, L14 - L18)

The extract shows that Lineo had planned to teaath@matical concepts such as
collecting like terms and the mathematical termigyl for example constant,

coefficient, term etc. The above extract suggdss$ Lineo wanted to engage her
learners in reading/writing activities of algebs&¢ underlined text], representational
and transformational activities [bold and undedingext]. It is apparent that she

wanted to automate the use of various symbols ithenaatics as she talks about
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using a variable instead of a number. Kaput (199%)d by Breitieg & Grevholm
(2006) point out that using algebra,particular variable[italics added] allows one
to “talk about numbers and magnitudes without datowg anything”and also it
enables “one to describe the calculations thatvear@s to do or get others do” p. 2-
225. It (variable) enables one to generalizes therefore understandable why Lineo
foregrounds familiarity with the use of a variabléneo explicitly pointed out that
she would like her learners to master the mathesaéigister by singling out some
technical terms that they were to learn. Pimm (398@rking from the stand point
that mathematics is like a language, points out thathematics does not have its
own words but it uses the very same words thataned in natural languages but it
attaches specialized meanings to each of them.rAsudt, if learners’ attention is not
drawn to these specialized meanings, the teachgitatlapassed the learners as s/he
may be using the technical meaning of the worddeathe learners use the everyday
meaning (Moschkovich, 1996). Lineo’s explicit teaghof technical terms indicates
that she did not only aim at attaining mathemaicahpetence but also mathematical
communicative competence. Teaching technical tenang help learners in seeing the
specialty of the context in which the terms aredyuseénich in turn might help them in
producing the legitimate text (Bernstein, 1996)riDg the third interview (follow up
interview) Lineo reiterated the importance of knogvithe language of mathematics.

This is shown by the underlined text in the excénpt follows:

I think the boys, especially the boys and alsodinks they need to
know that umm our terminology in mathematics is importammm
when | am talking about umm a constant they neefintow it's a
number, it has got a role and they need to knowuhmm mathematics
language is importanymm and thait will be to their detriment in
future if they don’t learn to speak mathematics prgerly. Umm so

| will always emphasize the definitions and thertigology and when
they are giving me back an ansvifethey are not saying it correctly |
will _correct them | think it's important that they don’t malinger.
(Lineo, follow up interview, L189 - L197)
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The extract shows that for Lineo learning algelwaalbout gaining access to the
language of algebra. Lineo’s emphasis on the laggad mathematics is not unusual
as algebraic ideas seem to connect to all areamtifematics. Failure to master such
a language implies that one has to take anotheragidnal direction. The bold text
indicates that Lineo regards lack of precise mattaral language [terminology] as
the main obstacle in the learning of mathematia @gebra, in particular. To her
learning mathematics also involves speaking mattiesnproperly [see the bold and
underlined text]. In order to address this probkm draws omathematicsin the
form of definitions. The extract above also shows that Lineo opefates the stand
point that algebra is a language hence it hasiateeghat is to be made explicit to the
newcomers. Her teaching of algebra as a languageeresting in that it does not
focus on developing the language of learning aadhieg (LoLT) but the language
of mathematics. Lineo’s explicit teaching of mattagical language is not unusual.
Adler (2001) working in multilingual classrooms fali that teachers working in
suburban schools which had deracialized quicklylube same strategy and claimed
that it benefited all learners. However, this &gat clashes with reformed teaching
which demands that learners should be given oppitiga to investigate and build
meanings which teachers are to work with. Anotledysin a multilingual classroom
conducted by Setatt al (2002) indicates that teachers taught mathemainch
LoLT. These studies, though they were conductechuttilingual classrooms assist
me in situating Lineo’s practice in a broad areaMKfT/ MfT. Hence Lineo’s
teaching of mathematics and the language of mathesniz a normal practice in
mathematics classrooms. In addition, Lineo seerodute organized the activities
SO0 as to address learners’ inabilityread, write and interpret algebraic notation

The extract below exemplifies this point.

About, today is about differentiating betweéx andx®, they get
confused what the 2 resembtéis xtimesx, there are two lots of
x and | will clarify today so that these boys do swtiggle with these
concepts. Thex?versu2x and the other goal is tly and make
them understand thatxywill bethesameasyx. (Lineo, pre-teaching
interview, L62 - L66)
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The quote above shows that Lineo was aware of thielgmatic areas in algebra for
learners. Here Lineo confirms my earlier claim tehé dealt with both anticipated
and emerging learners’ errors and misconceptiona Asathematics teacher, | have

observed that some learners redd$2x 5instead of5x 5which suggests that such

learners have a problem in interpreting mathemlatictation and/ or might have not
understood the meaning of or the difference betvoeetfficient and exponent. Over-
and-above, the extract indicates that Lineo segsbeah as not only a language but a
symbolic language system. This seems to competchensure that her learners are

able to interpret, read and write appropriatelygshe algebraic notation

One can see that Lineo has set up her lessonastioiypar lesson 1 so that she could
address mathematical terminology, concepts andbedge notation which could
enhance learners’ engagement with algebraic aesyiin particular reading/ writing,
representational and transformational activitiassthffording them opportunities to
develop a better understanding of algebraic cosc&ponsequently, her teaching is
centred on developing proficiency in algebra agmatm®lic language system. In order
to attain her goal Lineo sets up closed, shortlgigtructured and clearly sequenced
activities for her learners. It seems that eveplahning Lineo was wrestling with
defining terms such as constant, term, coefficient etc.camtepts like variable. The
extract also suggests that she grappled exiblaining as she wanted to clarify the

difference betweer® and 2x. This implies that Lineo was aware dhe

mathematical problerwhich MacGregor & Stacey (1996a) termed exponeifbiah

of product. The pre-teaching interview indicateatthineo was going to draw on
mathematics, most probably conventions and exantplesake algebra accessible to
the boys as she talked about drawing a distinchietween a coefficient and an
exponent [see extract on previous page]. In omleotthis and expose learners to the
symbolic language of algebra, Lineo employed itigizresponse-feedback (IRF)
approach in her teaching (Brodie, 2005). In thiprapch the teacher takes the

leading role. S/he decides on which ideas are talibeussed. The conversation
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commences with the teacher posing a question @eptig an activity. Learners
then, provide responses which are evaluated byeeher. During this evaluation
process the teacher draws on various resourcegitiniate the intended meaning of
the mathematical concept. | pointed out earliet thiaeo also used repetition in her
teaching. Repetition is synonymous to chorusingléAdt al 1995) [cited in Brodie
(2004)] in that it serves to mark what is importanto draw learners’ attention to a
particular idea. The above excerpt shows thahim practice mathematics is driven
by conventions.

The interview suggests that Lineo sees herseli@gustodian of mathematics and a
mentor for the newcomers [see italicized text meltract below]. Consequently, she
sees her work as involving enculturation of leasrieto the mathematicians’ ways of
writing, speaking and doing mathematics. Lineo etated this further when she said
[I draw your attention to the underlined text],

Lineo: | think the boys, especially the boys ansloathe girls they need to
know that umm.. our terminology in mathematics is importamhm... when

| am talking about umm a constant, they need tawkit's a number, it has got

a role andthey need to know that umm mathematics languagepgertant
umm... andthat it will be to their detriment in future if ¢y don't learn to
speak mathematics properlj]Jmm... so | will always emphasize the
definitions and the terminologagndwhen they are giving me back an answer
if they are not saying it correctly | will corretttem. | think it's important that
they don’t malingefLineo, follow up interview, L189 - L197, my empsia
underlined]

4.10 Summary

In this chapter, | provided a description of theskens | observed. | also discussed
how the data was chunked and illustrated how tladytia tool was used. | provided
both the quantitative and qualitative analysis ofelb’s practice. The quantitative
analysis indicated that restructuring of tasks wasnpletely absent in Lineo’s

practice whileexplaining, guestioning representing defining and working with

learners’ _ideas were present. Through quantitative analysis, |wstb that
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representational transformational and reading/writing activities of algebra were
prevalent in this practice whilgeneralizing and justification activities were entirely
absent although these were algebra lessons andstlasdesired and advocated
practice in reform oriented curriculum Like the RSICI also engaged with the
identification of the mathematical problems thatfconted Lineo and the knowledge
resources that she called on as she went abowtdrkr In this way, | endeavored to
answer the research questions posed earlier ilsekP. In the chapter that follows,
| conclude this study by giving an overview of tetudy, its findings and my

reflection on the study.
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Chapter 5: Findings, Conclusion and Reflections

5.1 Introduction

This study set out to investigate mathematical Hedge for teaching (MKIfT). It
focused mainly on the (i) mathematical problems tomfronted a Grade 8 teacher as
she introduced algebra, (ii) the mathematical wofkteaching that this teacher
wrestled with as went about her work and (iii) km®wledge resources that she drew
on in order to legitimate meaning for her learnasswell as (iv) the nature of the

algebraic activities that were presented to leatner

Algebra was the topic under which the study wasdaooted. This topic was chosen
for two reasons. First, | was interested in thjsicdecause having taugHt graders,
| was aware that most learners find this area prohtic. | thought by studying this
area one would be able to identify the mathemakicaivledge that a Grade 8 teacher
needs to know and be able to use in practice ierdaintroduce algebra to learners
so that they can master this branch of mathematiosh also functions as a language
for all other branches of mathematics. Secondlgelada was the topic which the
teacher was teaching at the time of data collecfitwis afforded me the opportunity
to capture the actual practice of Lineo as shendidhave to alter her schedule to
suite me. This study was guided by the followingstions:
1. What is the nature of the activities that theadgr 8 teacher uses to
introduce
algebra?
2. What mathematical problems does the teacheraurds she introduces
algebra in Grade 8?
3. What mathematical work does the teacher do asgskes about solving

these
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mathematical problems in her teaching pracspecifically in order to
introduce algebra to Grade 8 learners?

4. What knowledge resources does she call on fomtbrk?

In Chapter 1, | pointed out that algebra is an irfggd component of school

mathematics. It provides a language through whibkrdoranches of mathematics are
communicated and learnt. RAND study panel (200d¢)ies that algebra plays a gate-
keeping role for most learners, affording some ss€de mathematics based careers

while keeping others out.

In Chapter 2, | indicated that in mathematics etlanaresearch debates are informed
by theories of learning. This study was no exceptlbused a situative theory and a
sociological theory of pedagogy to guide it. Ballal. (2004) 8 kinds of mathematical
work of teaching formed the base for identifying twork of teaching in Lineo’s
practice. However, these were not used as thefsaeesection 2.2). Kazima & Adler
(2006) condensed Badlt al. (op cit) categories into six kinds of mathemdtivark

of teaching. It is these six kinds of mathematigatk of teaching that | used to study
Lineo’s practice. My analysis of Lineo’s practiceasvilluminated further by Adler &
Pillay (in press) who through their study of Nasptactice argue that as teachers go
about their work they often draw on knowledge reses to legitimate meaning for
their learners. In the sections that follow | ergagth the findings of this study by

looking at each of the above mentioned researchtiquns.

5.2 Findings

5.2.1 What is the nature of the activities that theGrade 8 teacher uses to
introduce
algebra?

In section 4.7, | engaged with identification oé thature of algebraic activities that

Lineo used as she introduced algebra to GraderBdesa Table 4.4 shows that these
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were representational transformational andreading/writing activities. Table 4.4
further indicates that Lineo mainly dealt with tséormational and reading/writing
activities. The table further shows that genemafjzand justifying activities are
completely absent in this practice. While this ntigk disturbing in view of the new
curriculum as this is a prescribed and desiredtipecit is one of the challenges
facing teachers and the teaching of algebra inrmeforiented curriculum such as
RNCS. In chapter 4, | indicated that | only obserileis teacher for one week hence
this absence may not mean that she does not emgéiggeneralizing and justifying
activities in her overall practice. On the othendhathis study shows that this teacher
does an excellent work on assisting learners to fpaility in mathematical symbols
and language of mathematics, aspects of learnirthematics which have not been
explicitly discussed by the proponents of reforremied teaching. In fact, there are
two issues which emerged from this study abouttdasher’'s mathematical work of
teaching. First, is working with mathematical comtvens and reading/writing
activities. This is what this teacher does, anéhdecative of what she needs to know
and use in practice. Secondly, we see that MKfM®bF is about being able to read
algebraic notation and write algebraically. In tliterature, language issues are
discussed quite generally and are not talked atbwatigh learning of mathematical
conventions and reading/ writing activities whicle vearn from this teacher hence
why defining is dealt with so briefly.

| would like to point out at this juncture thattaugh | discussed reading/writing
activities in section 1.3.3.4, they are actually ttutcome of this study. As | struggled
with the analysis, | realized that the algebraitivitees suggested by Kilpatricét al.
(2001) did not indicate how learners gain facilitynandling mathematical symbols
(Pimm, 1992) and language of mathematics which wewee prevalent in this study
Hence they [Kilpatrick et al.’s (op cit) algebraactivities] could not completely
capture this teacher’s practice. This led me imwenting another category of

algebraic activities which | termedading/writing activities.
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Lineo’s practice suggests that Kilpatriekal. (2001) activities of algebra are limited
in describing mathematical proficiency in algebitashows that in algebra learners
are expected to understand not only the concep&satons and relations (Kilpatrick
et al, 2001) but also the conventions that are useded’s practice suggests that
meaning and understanding of what algebra is osistsof or comes from the use of
different representations aimed at helping leart@ferm mental images of algebra,

use of mathematical language and manipulation ribsys.

5.2.2 What mathematical problems does the teacheorfront as she introduces
algebra in Grade 8?

Researchers such as Batlal. (2004) and Brodie (2004) in mathematics education
argue that teaching presents teachers with a nuaflgmoblems which they have to
solve. Some of these problems can be predictedevdiiers cannot be predicted.
Some of these problems arise as learners attemptdoporate new concepts into
their existing knowledge structures. In the presiogection 4.7; | identified the
mathematical problems that confronted Lineo asirsfneduced algebra to"8graders.
These were manipulating algebraic symbols of wisehjoiningis well documented
in mathematics education research (section 1.318)language of algebrae@ding
algebraic notationwriting algebraically defining, etg. It is important to note that
these mathematical problems confront the teacheerasrs or misconceptions
(Hatano, 1996) in the learner's response. By pagntout these mathematical
problems, in particulareading algebraic notation and writing algebraicalivhich |
have categorized as language of algebra problémssstudy contributes to the study
of MfT as these are more likely to occur when idtroing algebra, especially if
algebra is taught as a symbolic language system Aseo’s case. Table 4.4 shows
that Lineo does not confront generalizing probleAs.pointed out earlier, this is a
direct consequence of the activities that wereegmesl to learners. Lineo employed
closed and highly structured activities when intradg algebra with more emphasis
on reading/writing and transformational activitieBhis exemplifies my earlier claim

that in this practice meaning of algebra or algebmaotation (symbols and
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operations) is linked to reading/writing activitiesxd mathematical conventions.
Activities related to mathematics as reasoning d¢i&ro 2000) or algebra as

generalizing and justifying (Kilpatric&t al (2001) are missing in this practice.

In section 2.3, | pointed out that Balt al. (2004) talk about the work of teaching
(mathematical problem solving) that teachers dprexctice. However, they do not
elaborate as to why teachers engage in mathematice! of teaching. Lineo’s

practice sheds light into this as it shows that nvhmeo confronted a mathematical
problem she embarked on mathematical work of tegcts$ection 2.3 below focuses

on the mathematical work of teaching that Lineosttesl with.

5.2.3 What mathematical work does the teacher do ahe goes about solving
these mathematical problems in her teaching practe specifically in order to
introduce algebra to Grade 8 learners?

In section 4.7, | discussed the work of teachiexp(aining, defining, guestioning,

representing and working with learners_ideas that Lineo grappled with. These

kinds of mathematical work of teaching occurredvwamdy across the four lessons

that | observedRepresentingwas mainly present in the first lesson and comjylete

absent in the other three lessons. | also noted rnioa all the six kinds of

mathematical work of teaching were present in Lisgwactice.Restructuring of

taskswas completely absent (see section 4.6). It idlwarentioning here that Lineo
used closed, textbook like activities. She maimgused on how to read and write
using algebraic notation. Mathematical conventiarsl structure of algebraic
expressions (sentences) were over-emphasized. $hggest that Lineo sees algebra
as a symbolic language system. While Bslbl. (2004) as well as Kazima & Adler
(2006) point out that teaching entails engagingnathematical work of teaching;
they do not specify explicitly what enables teashtr do their work. By studying
Nash’s practice, Adler & Pillay (in press) arguetthn the process of teaching
mathematics, a teacher exercises some judgmemisian to legitimate meaning of
the concepts under discussion. Section 5.2.4 bklols at the knowledge resources

that Lineo appealed to in her practice.
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5.2.4 What knowledge resources does she call on tars work?

Table 4.4 shows that Lineo drew aonathematical knowledge, experienceand
curriculum knowledge. These knowledge resources were called upon igingr
amounts across the four lessons. In section 4p8pvided a detailed description of
how these resources were called on by Lineo aswsrg about her work. As |
pointed out earlier, Lineo placed more emphasesviging and reading algebraic
notation as well as acquisition of mathematicamiaology during the observed
lessons. Consequently, most of the work of teachiegplaining, questioning,
defining, representing, and working with learnadgas) which she did was centred
on mathematical conventions, terminology and di&fins. As a result, she mostly
appealed to mathematics [see Table 4.4]. This sdenfgve been driven by her
belief that algebra is a language which learnessilshmaster in order to be proficient
in mathematics. Lineo explicated her belief duttimg follow up interview (draw your

attention to the bold text) by indicating that

| think the boys, especially the boys and alsodinks they need to
know that umm our terminology in mathematics is imprtant
umm when | am talking about umm a constant theyl ne&now it's a
number, it has got a role anihey need to know that umm
mathematics language is important,umm and that it will be to
their detriment in future if they don’t learn to speak mathematics
properly. Umm so | will always emphasize the definitions and the
terminology and when they are giving me back an amger if they
are not saying it correctly | will correct them. | think it's important
that they don’t malinger. (Lineo, follow up inteew, L189 - L197)

Lineo’s practice cannot be classified as eithediti@nal or reform oriented approach.
Rather, it brings the two together by pointing thét both ignored acquisition of
mathematical language which is an essential comgarfenathematical proficiency.
Furthermore, Lineo’s practice shows that gainingeficy in handling mathematical
symbols (Pimm, 1992) is a necessary component tifiengatical proficiency which

has been neglected by reform oriented researchers.
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5.3 Conclusion

5.3.1 What constitutes mathematics for teaching ihineo’s practice?
The discussions in the previous sections indichtd MKfT or MfT in Lineo’s

practice is composed of mathematical conventiogisninology and what Adler &
Pillar (in press) termed empiricalise of examplegitalics added] mathematical
knowledge. As indicated earlier, MfT produced imstpractice is much more driven
by mathematics as conventions and reading writiogvides than as reasoning
(Brodie, 2000; Kilpatricket al, 2001; Ball & Bass, 2003) or what Kilpatriek al.
(2001) have since described as generalizing antifyjang activities. MfT in this
practice seems to be a function of the topic —kakgevhich is highly symbolic and
has a lot of conventions, and the teacher’s béa&febra is a symbolic language
system with its own register which is to be madeliek to learners). Table 4.4
shows that in Lineo’s practice transformational aedding/writing activities are
more prevalent than others. This suggests thdtif@o ‘meaning’ and understanding
of mathematical objects, in particular algebraicmbygls resides in symbol
manipulation [transformational activities] and fronthe use of language
[reading/writing activities]. In contrast, Brodi2q00) and Kilpatriclet al. (2001) see
meaning of algebra as residing in activities thfbrd learners the opportunity to
engage in more open-ended activities which alloavriers to conjecture and justify

observed relationships.

Looking back at Kazima & Adler's (2006) 6 elemem mathematical work of
teaching, we see that some of them viz. explainidgfining, questioning,
representing and working with learners’ ideas aes@nt in Lineo’s practice while
restructuring is absent. | link this absence ofruesuring to the nature of algebraic
activities that were used in this practice. Restmiicg just like generalizing and
justification activities require the use of moreeagended tasks which were absent in
this practice [see Table 4.4]. Lineo introduced eblg mainly through

transformational and reading/writing activities. i§hrequired her to ascertain
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learners’ (mis)understanding from time to time herhdneo wrestled mostly with
guestioning, explaining and working with learnedgas so to move them on and to
make explicit the legitimate text or the valid krdedge to be acquired by the

learners.

| also note that Kazima & Adler (op cit) do nolktabout the knowledge resources
that teachers call on as they go about their wodhle 4.4 shows that Lineo also
appealed mathematics, experience and curriculum vidtit more emphasis on
mathematics. This also could be linked to the matfralgebraic activities used by
Lineo. As indicated earlier, Lineo’s teaching enmgihad transformational and
reading/writing activities [see Table 4.4]. An emapls on these algebraic activities
implies that Lineo had to unpack algebra notatiord aonventions used in
mathematics so as to afford learners an opporttmitgake sense and understand this
new notation and language of mathematics. Unpackilggbraic notation and
conventions demanded that Lineo call on specifieovkedge resource [in this case
mathematics] to ground meaning of algebra and atation. Hence the absence of
both theoretical and algebraic [i.e. principled heghatics] based arguments in this
practice. Engaging in such arguments require opelee activities which were
absent in this practice, as a result of which Lime@s not have to grapple with
restructuring tasks.

Lineo engaged her learners with activities that aeted them [learners] to write
algebraic expressions by either manipulating a rgivexpression [such as

3x+2b—-5x] or a random distribution of terms [like

, @ b
a 2

b
ap a2 ba a

2 ab
(Lineo, lesson 1, 23:51 — 24:48)]
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this largely confronted her with language of algeland manipulating algebraic
symbols problems. Thus, what Lineo does [questmrexplaining and working with
learners’ ideas] seem to be adequate for her dupractice. However, one can see
that if she is to incorporate generalizing andifyisty activities into her practice she
might have to do more as this might bring new maidiecal problems and she might
have to engage with restructuring tasks which seerbs linked with these activities.

5.3.2 Reflections

When | began this study, | thought that the sixdkirof mathematical work of

teaching, the five strands of mathematical proficie and knowledge resources
(mathematics, experience and curriculum) would Beqaate to describe Lineo’s
practice. On beginning my analysis | realized ttie elements of mathematical
proficiency were not as helpful as | thought (seetisn 1.3.2) as they do not
explicitly capture the teaching of mathematical vantions and mathematical
language. | then opted for what Kilpatriekal. (2001) has since termed activities of
algebra. | soon became aware that these activitsge deficient in that they did not
suggest how learners gain facility in the languagemathematics (see section
1.3.3.4). This prompted me to add what | termedirggwriting activities of algebra

SO as to incorporate activities that help learn@rsacquiring the language of

mathematics.

| indicated that piloting of instruments for thisudy was done through observing
videoed lessons from previous studies. This helpedin refining my instruments.

Although interviews gathered data for this studyeyt became a minor part of this
study but important as they indicate that thereoissistency in what this teacher said
and did in the lessons. Conducting interviews heenlkthe most challenging part of
this study in that in my culture looking someonetle eye is discourage as it is
associated with disrespect while this is a desamed encouraged habit in conducting
interviews. So in carrying out this study, | hadléave my old self and become

someone who could look others in the eye. Eye condubelieved to be a sign of

121



interest in what is being said and indicates thatihterviewer is paying attention. In
addition, conducting interviews demanded that idntify important points in what
is being said that needed to be followed up andpaséntial [on-the-spot] questions
that can elicit more information. | found this d@filt due to language issues such as
accent and speed talking. While asking the intergeto speak a bit slow helped me
it seemed to frustrate her as she at time had peatesentences. Carrying out
interviews demanded that one minimized the distdbeteveen the interviewer and
interviewee. Again this clashed with my culture,rtigallarly because | was
interviewing a female. So | found myself being dedl and uncomfortable. This is
the part which | think | need to improve most.

In chapter three, | pointed out that this studyoimes one Grade 8 teacher and that
only four lessons were observed. This implies thatfindings of this study cannot be
extended beyond this sample or to her overall m®aets | only observed her for one
week. In addition, this teacher does a lot of waordlividually, works in a very
supportive environment and well established schoitth only 24 learners in the

observed Grade 8 class which may not be the casthén schools.

As | come to the end of this study | keep on pomdewhether | would have been
able to carry out this study if Bernstein’s socgtal theory of pedagogy was not
there. Bernstein’s theory of pedagogic discoursestesd me in chunking the data into
units of analysis by pointing out that in any pesiig communication meaning is
condensed in evaluation (Bernstein, 1996). | noaize that conducting research is
not a straightforward undertaking. It is an intérae process which demands one to
move back and forth between research questions, al#lysis and the literature.
Lineo’s practice has been an eye opener to in tefm®w to teach algebra. What |
have learnt and found interesting in her practias what in addition to teaching
knowledge i.e. concepts, operations and procedshes taught the language of
mathematics with particular reference to terminglogonventions and notation

[symbols and operations].
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| have realized that curriculum implementation e to different interpretations,
dependent on teacher’s beliefs and their prefeseimceerms of how the content is to
be taught. RNCS and proponents of reform oriemtedting advocate the use of
generalizing activities while Lineo employs tramsfational and reading/writing
activities. It seems that changing the curriculumewnent and availing it to teachers
is likely not to be sufficient in transforming thieaching of mathematics in schools
especially if the implementers are products of heoturriculum. If the change is to
be recognized by teachers it should also occursgsessment as this seems to
influence what Lineo and possibly other teachers Also a mismatch between what
practicing teachers know and what is advocatetdercturriculum document may lead
to partial implementation of the curriculum as vesvsn Lineo’s practice as teacher

may turn to teacher what they know.

| indicated that Lineo is highly qualified and ttsdte believes that she has ‘figured
out mathematics’. However, what this study revesdisut Lineo’s practice when
introducing algebra is that the generalizing povedr algebra which is being
advocated by both the RNCS (DoE, 2002) and cumiouleforms is not apparent in
her practice. In section 4.3, | showed that Linewoduced algebra through number
patterns which seems to have been aimed only dinlgdearners into accepting and
using different letters to represent numbers rathan to lead them into recognizing
the generalizing power of algebra. This study liagsquestion, if the new curriculum
is to take off with all its force or if we want a&ra to be invested with meaning for
the learners, what are the challenges we faceaabde educators and policy makers
to work with teachers like Lineo, who are succedstil may be lacking in relation to
the new curriculum? What form of intervention caa @ffer Lineo and other teachers
so that they can realize this [generalizing] aspéetigebra and be able to incorporate

it into her lessons?

123



REFERENCES

Adler, J. (2005). Mathematics for teaching: Whait @nd why is it important to talk
about it? Pythagoras, 622-11.

Adler, J. (2001)Teaching and learning mathematics in multilingulalssrooms

Kluwer, Academic Publishers: Dordredietherlands

Adler, J. and Davis, Z. (2006). Opening Another dBlaBox: Researching
Mathematics for Teaching in Mathematics TeachercBtan. Journal for
Research in Mathematics Educati@7(4), 270-296.

Adler, J. and Pillay, V (in press). An investigationto Mathematics for Teaching:
Insights from a case.

Arcavi, A. (1995). Teaching and Learning Algebras® Present, and Futudaurnal
of mathematical behavior, 1445-162.

Ary, D., Jacobs, L. C., and Razaveih, A. (199Djtroduction to Research in

Education The Dryders Press, Saunders College publishing.

Ball, D. L. (unpublished). Using Mathematics in Thimg: Seeing Teaching As
Mathematical Problem SolvingP?aper presented at Michigan Council of
Teachers of Mathematics Annual Meeting 2003 - lransi October, 2003.
Retrieved from http://www-personal.umich.edu/~didaCTMOCct03.pdf

Ball, D. L., Bass, H., and Hill, H. (2004). Knowirammd Mathematical Knowledge in
Teaching: Learning What Mattertn Buffer, A. & Laugksch, R. C. (Eds.)
Paper presented at the Southern African Association Research in
Mathematics, Science and Technology Educabamban: SAARMSTE.

124



Ball, D. L., and Bass, H. (2000nterweaving content and pedagogy in teaching and
learning to teach; Knowing and using mathematits.J, Boaler (Ed.),

Multiple perspective on teaching and learning ottimematicsJAI/Ablex.

Ball, D. L., Lubienski, S., and Mewborn, D. (2001research on teaching
mathematics: the unsolved problem of teachers’ amattical knowledgen
V. Richardson (Ed.), Handbook of research on teaghith ed.).. New

York: Macmillan.

Bernstein, B. (1996). Pedagogic codes and theirafitaes of practice. in Bernstein,
B.Pedagogy, symbolic control and identity: Theorgea&ch and critique

London: Taylor and Francis. Pp.17-38

Bernstein, B. (1990)The Structuring of Pedagogic Discourse, Volumedigss,
codes and controRoutledge, London and New York.

Blanton, M., & Kaput, J. J. (2005). Characterizinga Classroom Practice That
Promotes Algebraic ReasoningJournal for Research in Mathematics
Education 36 (5), 413-446.

Boaler, J. (1997)Experiencing School Mathematics Teaching Styles &S&ettings.

Buckingham. : University Press.

Breiteig, T. and Grevholm, B. (2006). The transitivom arithmetic to algebra: to
reason, explain, argue, generalize and justifyNovotna, J., Moraova, h.,
Kratka, M. & Stehlikova, N. (Eds.Proceedings of the 80Conference of the
International Group for the Psychology of MatherostEducation 2, 225-
232. Prague: PME.

125



Brodie, K. (2005). Textures of talking and thinking in secondary meathtics
classroomsUnpublished Ph.D. Thesis, Stanford Universityagtier 1, pp.21-
51.

Brodie, K. (2004). Working with Learners Contritans: Coding Teacher Responses.
In D.E. McDougall & J.A. Ross (Eds.Proceedings of the 36Annual
meeting of the Psychology of Mathematics Educa{iorth America),
Volume 2(pp.689-897). Toronto: OISE/UT.

Brodie, K. (2000)Teaching and learning mathematical reasoni@bapter 2.

Brodie, K., and Long, C. (2004). Pedagogical respaness in mathematics teacher
education. IrH. Griesel (Ed.), curriculum responsiveness irhleigeducation.
(pp. 135-155). Pretoria: South African universitiegice-chancellors’

Association.

Brodie, K., and Pournara, C. (2005). Towards a éaork for developing and
research group work in South Africa mathematicsssieoms. | R. Vithal, J.
Adler & C. Keitel (Eds.). Mathematics Research outh Africa: Possibilities
and Challenges p. 22-72.

Cohen, L., and Manion, L. (198(Research methods in Educatidmandon: Croom
Helm Ltd.

Cohen, L., Manion, L., and Morrison, K. (200®esearch Methods in Education. 5th

edition London and New York: Routledge Falmer.

Cornbleth, C. (1990). Curriculum as a Contextuaizrocess. InCurriculum in

context(pp. 12-41). London: Falmer Press.

126



Davis, B. (1997). Listening for difference: an exnf conception of mathematics
teachingJournal of Research in Mathematics Education. (38p. 355-376.

Department of Education. (1997). Curriculum 2008edlong learning for the 21
century. A Support document issued by NDE.

Department of Education. (2002). Revised NationalriCulum statement Grades R-
9 (School) Mathematigs.4-91.

Department of education, (2008)ational Curriculum Statement for Grades 10-12
(General)Mathematics.Department of Education. Government printer.

Pretoria.

Ensor, P. and Galant, J. (2005). Knowledge andgmgla Sociological research in
Mathematics education in South AfricaR vithal, J. Adler & k.Keitel
(Eds.)Mathematics research in South Africa: Perspectipeactices and
possibilities (pp.281-30&ape Town: HSRC Press.

Guba, E.G. and Lincon, Y. S. (1983). Epistemologarad methodological bases of
naturalistic inquiry. In Madaus, G. F., Scriven, Bl.and Stufflebaem, D. L.
(Eds.), Evaluation models: Viewpoints on Education and Han&ervices

Evaluation Kluwer Nijhoff: Boston. pp. 311- 333.

Ferrin-Mundy, J., Floaen, R., McCrory, R. Burril, &d Sandow, D. (unpublished).
A Conceptual Framework for Knowledge Teaching School Algebra.
Running Head: Knowledge for Teaching School Algebra
http://www.msu.edu/%7Ekat/index.htiate retrieved: 18/03/2006.

Hatano, G. (1996). A conception of knowledge adtjais and its implications for

mathematics education. In Steffe, L., Nesher, PbC P. and Goldin, G.

127



(Eds.).Theories of mathematical learningew Jersey: Lawrence Erlbaum, p.
197-217

Hatch, J. A. (2002)Doing qualitative research. In Educational settinbew York:
Suny.

Herscovics, N. and Kieran, C. (1980). Constructmganing for the concept of
equationMathematics Teacher3(8), pp.572 - 580.

Hitchcock, G., and Hughes, D. (199Research and the teaché&ondon: Routledge.

Kazima, M., and Adler, J. (2006). Mathematical Khedge for Teaching: Adding to
the description through a study of probability nagtice.Pythagorag63), 46-
59.

Kilpatrick, J., Swafford, J., and Findell, B. (2Q0Adding it up: helping children

learn mathematicdVashington DC. National Academic Press.

Lave, J. (1993). “Situating Learning in CommunitegPractices” In L B. Redneck,
JAM. Levine and S.D. Easley (EnB€rspectives on Socially Shared

CognitionWashington, DC: American Psychological Associatio

Lave, J. and Wenger, E. (1991pituated learning: Legitimate peripheral
participation. Cambridge, Cambridge University Press. Chapterdi2an

Leedy, P. (1997) Practical research planning amslgde New York: Macmillan.
Chapter 5. 105- 108.

MacGregor, M and Stacey, K. (1997). Students' wtdading: 11-15Educational
studies in Mathemati¢83, 1-19.

128



MacGregor, M and Stacey, K. (1996a). Origins ofdstts’ interpretations of
algebraic notation: 11-15. In Puig, L. and Guiter&z (Eds.)Proceedings of
the 2¢" Conference of the International Group for the Pmjogy of
Mathematics Educationivolume 3. Universitat de Valencia, Spain. pp. 297
304.

MacGregor, M and Stacey, K. (1996b). Learning tamiglate equations for the
problems. in Puig, L. and Guiterez, A. (Ed®)oceedings of the 30
Conference of the International Group for the P®jogy of Mathematics
Education volume 3. Universitat de Valencia, Spain. pp.-288.

Merriam, S. B. (1998).Qualitative Research and Case Study Applicatioms i
Education.. San Francisco, USA: Jossey-Bass Publishers.

Morais, A. M. (2002). Basil Bernstein at the Midtevel of the ClassroonBritish
Journal of Sociology of Educatip@3(4), p. 559-569.

Moschkovich, J. (1996). Learning math in two langes In Puig, L. & Gutierez, A.
(Eds.). Proceedings of the 3Dconference of the Internal Group of the
Psychology of Mathematics Educatioviolume 4. Valencia: University of
Valencia. p. 27 - 34.

Nesher, P,(1987). Towards an Instructional Thethrg:Role of Student’s
Misconceptiorkor the Learning of Mathematicg(3), 33-39.

Opie, C. (2004)Doing educational researcih.ondon. Thousand Oaks. New Delhi:
SAGE Publications.

Osei, C. M. (2005)Student teachers' Knowledge And understanding gébkhic
Concepts: The Case Of Colleges Of Education In Eastern Cape And

129



Southern Kwazulu Natal, South Afriddnpublished Ph.D. Thesis, University
of the Witwatersrand.

Pillay, V. (2006). An investigation into mathematics for teaching;eTkind of
mathematical problem-solving a teacher does ashieefpes about his/her
work: Unpublished M.Sc. Research Report, UniversitthefWitwatersrand.

Pimm, D. (1982). Mathematics? | speak it fluently.A. Floyd Ed.) Developing
Mathematical thinkingpp. 139-150). Wokington: Addison Wesley.

Pimm, D. (1991). Communicating mathematically. larkin, K. Shire, B. (Eds.).

Language in Mathematical Educatio@pen University Press. Milton Keynes.

Pimm, D. (1992). EM236 Monograph MMathematics: Symbols and Meanings
United Kingdom. The Open University

RAND Mathematics Study Panel. (2002). Mathematpraficiency for all students
Towards a strategic research and development pmogia mathematics
education (DRUM-2773-OERIA). VA : RAND EducatiorgieBce and
Technology Policy Institute. Sectiong. p. 8-11 & 24-35.

Schoen, H. L. (998) Teaching elementary algebrh aivord problem focus. In A. F.
Coxford; A. P. shulte (Eds.The Ideas of Algebra, K-1Rlational Council of

Mathematics Teachers. Reston: VA.

Singh, P. (2002). Pedagogising Knowledge: Bern'steineory of the pedagogic
device British Journal of Sociology of Educatia2i3(4), p. 571- 582.

Schoenfeld, A. H., and Arcavi, A. (1988). On the am@g of variable. In

mathematics teacheNational Council of mathematics: Reston: VA.

130



Skemp, R. (1986 The Psychology of Learning Mathematidsondon. Penguin

Books

Skemp, R (1976). Relational understanding and unsntal understanding.
Mathematics Teachinfy7), 20-26

Setati, M. (2005). Teaching Mathematics in a PrimMdultilingual Classroom.
Journal for Research in Mathematics Educati8@(5), p.447-466.

Setati, M., Adler, J., Reed, Y., and Bapoo, A. @00Code-switching and other
language practices in mathematics, science anddbnigihguage classrooms
in South Africa. In J. Adler & Y. Reed (Eds.Challenges of Teacher
development: An Investigation of Take-up in Southc#® Van Schaik's

Publishers. Pretoria.

Sethole, G. (2004). Meaningful contexts or dead kmeality: which form will the
everyday takePythagorus, 5918-25.

Shulman, L. S. (1986). Those Who Understands: Kadgé Growth in Teaching.
Educational Researcher, 15(2), 4-14.

Shulman, L. S. (1987). Knowledge and teaching: @ations of the new reform.

Harvard educational reviews7(1), 1-22.

Stacey, K. Chick, H. and Kendal, M. (200&he future of teaching and learning of
algebraThe 12" International Commission on Mathematics Instrcti

Kluwer Academic Publishers.
Thompson, P. W. (1994). Students, Functions andUtidergraduate curriculum. in

E. Dubinsky, A. H. Schoenfeld, & JKaput (Eds.)Research collegiate
Mathematics Educatiph (Issues in Mathematics Education. Vol. 4, dp. 2

131



44). Providence, RI: American MathematiSociety.

Usiskin, Z. (1998). conceptions of school algebnal aises of variables. In A. F.
Coxford; A. P. Shulte (Eds.) Imhe Ideas of AlgebraReston:VA: National

Council of Mathematics Teachers.

Vinner, S. and Dreyfus, T. (1989). Images and dkdims for the concept of function.
Journal of Research in Mathematics Educati@0(4), 356- 366.

Wenger, E. (1998). " theoretical frameworks fromygh®logy compared”
Communities of practice: learning , meaning and nittg. Cambridge:

Cambridge University Press. (Short extract pp. 280}

Wheeler, D. (1996). Backwards and forwards: Reifbast on different approaches to
algebra. In N. Bednarz; C. Kieran; L. Lee (Edsa)Approaches to Algebra:
Perspectives for Research and Teachimp. 317-325). The Netherlands:

Kluwer Academic Publishers. Dodrecht.

Wu, H. (2001). How to prepare students for alggBtactronic Version]. American
Educator,from http:/www.aft.org/americaneducator/summer20@iEx.html

132



APPENDIX 1

1.1 Interview 1 schedule

Semi-structured interview conducted with a Gradee&cher in order to

investigate the mathematical problem solving thet does when setting up
and implementing tasks in order to promote devekmumof algebraic

reasoning.

1. Did you choose or design this task?

2. Why did you choose/ design this task?

3. Were there other tasks that that you designed wicgald choose from?

4. What distinguishes this task from the other takks you could use?

5. What makes this task suitable for this lesson?

»

. How did you plan to use this task with your te&as? Why?

\l

. What do you think your learners will learn bygaging with this task?
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8. What problems do you think your learners will exeece when engaging

with this task?

9. How did you plan to deal with such problems?

10.What would you consider to be the features of k sastable for teaching

algebraic reasoning?

1.2 post-teaching interview schedule
1. Were you pleased with the way you implementedalsk? Explain.

2. Did the plan work accordingly? Why?

3. What difficulties did the learners have in erigggvith the task?
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4. What do you think is the source of learnerdficliities?

5. How do you plan to deal with these learnerddiffies in future? Why?

6. What difficulties did you encounter when implartieg this task?
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1.30bservation schedule
Classroom observation conducted on a Grade 8 teacbeder to determine what problems confrontstdaeher and how

the teacher solves them

Duration of lesson in minutes

: N
What is the teacher doing~ 0-10 11.20 21.30 31.24d 4150

Provides explanations

Evaluates learners’ explanations

Uses mathematical definitions

Interprets learners’ ideas

Responds to learners questions

Analyzes learners errors and misconceptions

Modifies tasks

Presses learners to justify

Uses different representations

Poses questions that challenge learners’ thinking
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APPENDIX 2

LGD5 International
House
Wits University
2050
" Kay, 2006
The Principal
St John’s College
Wits

Dear Sir/ Madam

Research title Mathematical Knowledge for Teaching (MKIfT): A fe€ on algebraic
reasoning.

I, T. Talasi request your permission to involve ly@rade 8 teacher and her learners
in my study. | am enrolled for a Masters degree tfMmatics education) at the
University of Witwatersrand under the supervisidfPofessor Adler.

The purpose of the study is to investigate the pratitical problem solving that a
Grade 8 teacher does when teaching algebraic negsdnplan to work with this
teacher and her learners who are willing to paudit@ in the study. The study is
important because it endeavors to understand thieematical problem solving that
confronts teachers as they attempt to teach algetsasoning. It will also shed some
light into what types of task are preferred by teas when teaching algebraic
reasoning. This would be of great help to textbaakhors and resource persons as
they will know what would be of help to teacher.

During the data collection process | will intervig¢lae teacher and observe her while
teaching. The classroom observations will be videbdéope to be within the school
premises for a maximum of one week.

All the information collected in this study will deept confidential and used only for
the purpose of this study. No names or personaildeif participants or the name of
the school will be revealed in reporting the outesnof the study. Participants are
free to withdraw at any time during the study antewe possible information
collected on such participants will not be usedha study. If you require more
information you can conduct me or my supervisoeiail or phone.

Yours Faithfully
Talasi Tatolo cell: 0725252851
Email:talasitatolo@yahoo.com

Supervisor
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Prof. Jillian Adler Telephone: (011) 717 3413
Email:jillian.adler@wits.ac.za

Consent form for the principal

Research title Mathematical Knowledge for Teaching (MKIfT): A feg on algebraic
reasoning.

I (name of principal) (naime of school)

, hereby allow (name of teacher ande=o&learners)

to participdbee study conducted by

Tatolo Talasi. | understand that the aim of thelgts to investigate Mathematical
problem solving that a Grade 8 teacher does whashieg algebraic reasoning.
Please tick the most appropriate response

Yes
No

. Do you voluntarily allow your teacher to panate in the study? [ ]

d

. Do you voluntarily allow your Grade 8 learneygparticipate in the study? [ ]

[—

. Do agree that your teacher could be interviearatiaudio taped? [ ]

. Do you agree that your teacher could be obsemsle teaching? [ ]

e

. Do you agree that a video could be used dullegsmom observations? [ ]

. Do you agree that the information collected frgoar teacher and learners

be used for research purposes only? [ ]

[ ]

7. Do you agree that you are free to withdraw eijfoair teacher and/or

your Grade 8 learners at anytime? ][

[ ]
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8. Do you agree that information collected on tlignevawn participants
will not form part of the study where possible? [ ]
[ ]
9. Do agree that participation in the study shdoddsoluntary and that
no grades should be awarded? [ ]
[ ]
10. Do you agree that copies of learners’ work thiedteacher’s preparation
may be taken [ ] [ ]

Signature of principal

Date

LGD5 International
House

Wits University

2050

Johannesburg

" Klay, 2006
Dear parent

Research title Mathematical Knowledge for Teaching (MKIfT): A feg on algebraic
reasoning.

[, T. Talasi request your permission to involve yohild in my study. | am enrolled
for a Masters degree (Mathematics education) atUhieersity of Witwatersrand
under the supervision of Professor Adler.

The purpose of the study is to investigate the pratitical problem solving that a
Grade 8 teacher does when teaching algebraic negsdrmplan to work with learners
who are willing to participate in the study. Theudyt is important because it
endeavors to understand the mathematical problérmgdhat confronts teachers as
they attempt to teach algebraic reasoning. It &b shed some light into what types
of tasks are preferred by teachers when teachgepedic reasoning. This would be
of great help to textbook authors and resourceoperas they will know what would
be of help to teachers.

139



The study focuses on what the teacher says and dlogsl observe her while
teaching. During these observations a video willbed to capture what the teacher
does and say consequently learners will also appearideo. However, learners’
work and contributions will not form part of theudy.

All the information collected in this study will deept confidential and used only for
the purpose of this study. No names or personaildeif participants or the name of
the school will be revealed in reporting the outesnof the study. Participants are
free to withdraw at any time during the study antewe possible information
collected on such participants will not be usedha study. If you require more
information you can conduct me or my supervisoetail or phone.

Yours Faithfully

TALASI Tatolo cell: 0725252851
Email:talasitatolo@yahoo.com

Supervisor

Prof. Jillian Adler Telephone: (011) 717 3413

Email:jillian.adler@wits.ac.za

Consent form for parents

Research title Mathematical Knowledge for Teaching (MKfT): A fag on algebraic

reasoning.

I (name of parent) ohénaf residence)

, hereby allow (name of learner) to

participate in the study conducted by Tatolo Talbsnderstand that the aim of the
study is to investigate Mathematical problem sajvimat a Grade 8 teacher does

when teaching algebraic reasoning.

Please tick the most appropriate
Yes
No
1. Do you voluntarily allow your child to particife? [ 1 [

]
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2. Do you agree that the information collected sthd»e used for
research purposes only? [ ]
]
3. Would you want your child to appear on the vitieat is used in
collecting the data? [ 1 [
]
4. Do you agree that you are free to withdraw yahld at anytime and

the information collected where possible shoultifaom part of the study? [ ] [

]

5. Do you agree that participation should be vawy® [1 [
]
6. Do you agree that no grades should be awantquhfticipation? [ 1 [
]
7. Do you agree that a copy of the learners wotkd:be taken? [ 1 I

]

Signature of parent

Date

LGD5 International
House

Wits University

2050

Johannesburg

" Kay, 2006

Dear, teacher
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Research title Mathematical Knowledge for Teaching (MKfT): A fag on algebraic
reasoning.

I, T. Talasi request you and your Grade 8 leart@rngarticipate in my study. | am
enrolled for a Masters degree (Mathematics edutptiat the University of
Witwatersrand under the supervision of ProfessdeAd

The purpose of the study is to investigate the erattical problem solving that a
Grade 8 teacher does when teaching algebraic ne@sonhe study is important

because it endeavors to understand the mathemptmalem solving that confronts

teachers as they attempt to teach algebraic reagdbiwill also shed some light into

what types of task are preferred by teachers whaching algebraic reasoning. This
would be of great help to textbook authors and ues® persons as they will know
what would be of help to teachers.

During the data collection | hope to interview ybefore and after the lesson. The
interview will be related to the task(s) which yall be using. | will then observe
you while teaching. The classroom observations bélivideoed. | plan to work with
you for one week.

All the information collected in this study will Bespt confidential and used only for
the purpose of this study. No names or personaildeif participants or the name of
the school will be revealed in reporting the outesnof the study. If you require
more information you can conduct me or my supeniisoemail or phone.

Yours Faithfully
Talasi Tatolo cell: 0725252851
Email:talasitatolo@yahoo.com

Supervisor
Prof. Jillian Adler Telephone: (011) 717 3413
Email:jillian.adler@wits.ac.za

Consent form for the teacher

Research title Mathematical Knowledge for Teaching (MKfT): A fag on algebraic

reasoning.
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I (name of teacher) aohénof school)
, hereby agree to participate in tidystonducted by Tatolo Talasi. |

understand that the aim of the study is to invastigMathematical problem solving

that a Grade 8 teacher does when teaching algeleasoning.

Please tick the most appropriate response

Yes
No
1. Do you agree to be interviewed and audio taped? [ ]
[ ]
2. Do you agree to be observed while teaching éhebed? [ ]
[ ]
3. Do you agree that the information collected $thdne used

for research purposes only? [ ]

[ ]

4. Do you agree that you are free to withdraw ftbemstudy at any time? [ ]

[ ]

Signature of teacher

Date
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APPENDIX 3

Pre-teaching interview
L1-L11
TT: can you describe what you are going to do today
Lineo: | am going to introduce algebra to the boys; thag seen uh some algebra
and some umm number patterns. They are familidr fviling the n-th term. So they
are comfortable with using n umm to generalize th&y haven't been formally
taught algebra, some of the boys might have seentite primary school because
they are coming from different primary schools. rh going to start from the
beginning and assume that everyone doesn’t know.
TT: oohh they do algebra, part of algebra in primahosis
Lineo: some of the schools do
TT: They do, because | was thinking that it beginsnaily at Grade 8
Lineo: theoretically it does and | know that at St.JoRnsp. They do algebra
L11-L18
TT: so what do you anticipate.... Basically what wikytHlearn?
Lineo: in todays lesson only?
TT: yes only today’s lesson
Lineo: my goal is to make them familiar with using a ahle, instead of a number,
umm especially | waned to do terminology, whahis term, coefficient and constant
and then also umm differentiating between like anlike terms.
L19 - L29
TT: I think we should now look in more detail into &tk lesson
Lineo: (takes one worksheet and gives me the other) t®degson | am going to
cover exercise 1, 2 and 3 is the more complicatexicese than 2. Whether they
would start working on it at the end of today’ssies | would cover it
TT: tell me about these activities, did you develagnthyourself?
Lineo: umm Stephen, he took photo copies of a sectionm frGlassroom
Mathematics, because the new syllabus does nattgaletails with algebra and the
textbooks we are using for the Removes do not calgabra like this. This is from
Classroom Mathematics, all that he chose is fothallRemoves, and all the Removes
are using the same worksheet. All of these are f@dassroom Mathematics; | might
develop my own worksheet to supplement dependingvbether they need more
practice.
L30 - L39
TT: do you normally develop them?
Lineo: it depends on the standard of the boys, the lavelhich they are , | find the
lowest boys need more practice but the top boysatoneed to practice but need
more complicated ones to practice. sorry, Steplmdy gives us worksheets like this
only for some of the sections, we usually work friaxtbook and | believe that these
textbooks need to be supplemented and so invarlatidysupplement the text. Have
you seen the textbook?
TT: no

144



Lineo: | will show you

L40 — L45
TT: tell me what makes these ones particularly appatgpfor today’s lesson? These
activities?
Lineo: umm | think what is nice about these activitiethit they are starting off with
all the definitions, what is a variable, coeffidigrmonstant, grouping like terms,
adding and subtracting and all these are not tearazed it will be manageable for
the introduction

L46 — L49
TT: Have you ever used them before or this is théetfitee you use them?
Lineo: These worksheets?
TT: yeah
Lineo: | used this worksheet last year

L50 — L58
TT: what was good about it since you are using ithiersecond time?
Lineo: eeeh, last year | had the bottom six and now #reyin Grade 9, all these
exercises cover different types of questions, timeplifying, what is coefficient,
writing as power so it covers all of the topic ahése are enough for each of the
question to cover all the work so it's a good foathoh and | think most of the
teachers, in my understanding will use nothing,dtsese will be enough.
TT: for the unit?
Lineo: yes

L59 — L66
TT: what do you think the learners will find interestior challenging?
Lineo: about this?
TT: yeah

Lineo: ... about today, today is about differentiating bstw xand x>, they get
confused what the 2 resembié is xtimesx, there are 2 lots ok and | will clarify

today so that these boys do not struggle with tikeseepts. The versuxand the
other goal is to try and make them understand xigatill bethesameasyx.

L67 —L76
TT: what do you think will be the learners’ problens they engage with these
activities?
Lineo | think the biggest problem would be being comfbleawith working with
letters as this will be the first time they do tkisercise, that will be a big challenge
for them, that's why I’'m going to start slowly withhat are like terms, what does it
mean when | sa@x ?
TT: so you are saying that's how you will deal witle throblem, you will start
slowly
Lineo: | think another problem that will arise is withezgise 2(j) where you have
5a — 2a which term does the minus belong to?

L77 - L84
TT: in planning for today’s lesson did you make anguasptions?
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Lineo: my assumption was that they are a bright groiggel myself spending more
time walking around the class helping individuasher than standing at the front
most of the time.

TT: ok

Lineo: | foresee more of the lessons to be more on onenerbecause the boys are
quite sharp, they grasp quite quickly. For youords the Grade 8, start from,AA,,

... Ag

L85 — L95
TT: you told me that Stephen gave you the workshe#t #rink you made your own
decision to include them so | want to know whabinfed your decision to include
them in today’s lesson?
Lineo: this worksheet?
TT: yeah
Lineo:Umm this is past experience of using this workshieletow it works and also
| don’t want to reinvent the wheel, this worksheevers all the work umm... yeah
and | will see from today’s lesson whether | hawveiteate something more and also
is the textbook Classroom Mathematics that we hesesl for years and years... we
know it work so it is reliable.

L96 — L106
TT: | just wanted to know from the curriculum, | triemlread it, it reads like learners
have to learn to reason, | want to know what typeéaeks will enable learners to
reason?
Lineo: From these?
TT: yeah
Lineo: it's the introduction that | am going to put umpefully that will allow them
to reason. You see that | usually cut out a whatl@t pictures which they put up into
different categories for like terms and then thegson as why they put them into that
category. | will be using the data projector tojpch them. | am going to project
pictures on the board and then they can count...aésw by the type of questions |
ask will facilitate the reasoning.

Post-teaching interview

L1-L20
TT: I think this one should be shorter, umm in the mrog basically you highlighted
some of the difficulties you anticipated that tharhers would have, now that you
have gone through the lesson ; what do you thine lheeen their problems, you
know in getting through?
Lineo: umm, | think one thing would be the incorrect ardden they got that one
with xy, yx and they did. | thought | had that saftout until when one boy suddenly
wanted to put everything together and take piendsuanm... | thought | had dealt
with immediately in that slide but they are sti#éiing confused, there was still a
problem to doing their own thing umm... what else?
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TT: Umm it's Ok, it’s fine, it's fine, umm... what coulgbu attribute some of those
problems to? You actually highlighted earlier that tried to clarify some of them
but you still [interrupted]
Lineo: you still have them doing their own thing, | thioke boy answered correctly
| think what | am going to do is [inaudible] andiHow there might still be a couple,
it's difficult when you are teaching and the majpof the class is understanding, you
do not want to spend the whole 5 minutes dealirtg thie one issue like one boy
trying to clarify why he got it wrong, | am going keep my eye for ... when | am
doing
g the exercise when | can do one on one, becdssedifficult dilemma because if |
pinpoint him | might omit others , as a weaker stitdn my class does like to be
highlighted in the whole class so | think | clargégth him and then | will do a follow
up.

L21 - 128
TT: suppose we come to you, you planned a lessonwgoted to implement it did
you find yourself encountering problems as you enpénted the lesson?
Lineo: | did, some of the questions required, sorryepmer enters and talks with
Lineo]... it's a funny question like that ... in terraSthe conceptual umm, problem
umm let me try to think, what could have been trabfems that again that one boy
who tried to combine it, if | had put in values foand b | think that could have been
another way of dealing with the problem.

L29 — L52
TT: this time | would like us to talk about the moergonal information because |
would definitely need it, like for how long havewbeen in this school?
Lineo: this one alone?
TT: yes
Lineo: 2 years
TT: which grades have you been teaching since youveal?i
Lineo: at St. Johns? Grade 8 to post matric.
TT: which subjects?
Lineo: mathematics and additional mathematics grade,al2Zand post matric
TT: how many Grade8 are in this school?
Lineo: they are 6
TT: and how many teachers?
Lineo: they will be 6 because all Grade 8 are taught em#tics at the same time
TT: so how do you work together because you havesSetaand 6 teachers?
Lineo: at this school we pretty much work by ourselveg) by my own pace, and |
know that at the end of the term, | need to haweid these sections. | might be
ahead or behind other teachers, we do not sharh ofube resources we pretty
much independently.
TT: How do you work in terms of test?
Lineo: set our own tests
TT: individually?
Lineo: we do set standardized tests where all tlzel€&8 write same test at the same
time. Other than that we set our own.
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L53 - L61
TT: can you describe your role in the school, perlwaplse department or in sports?
Lineo: previously | was in a girls’ school and | was ifwed in sports and cultural
activities but in this school my role is a matheicgeducator primarily
TT: how does the mathematics department assist yGuiaate 8 teachers?
Lineo: in this department you need to be proactive, if gave a problem, you need
to seek help from other teachers, other than tkeasasgume everyone is working well
and is fine. If you have something to share likecaksheet you can come forward
and say can we share this worksheet.

L62 — L68
TT: you said you have taught in another school, fev lomg have been in that
school?
Lineo: 3years
TT: and which subjects did you teach?
Lineo: maths and additional mathematics
TT: do you teach other subjects?
Lineo: no maths and additional mathematics

L69 —L78
TT: and tell me about the qualifications which youdfav
Lineo: B.Sc in mathematics and chemistry, B.Sc (honsQhamistry, teaching
diploma, and one year certificate in Basic AduluEation and | am currently doing
Become.
TT: why are you not teaching chemistry?
Lineo: it's funny people ask me that because | more fiedlin Chemistry than in
mathematics is the subject easier to explain betntstry it's just a subject in my
head. | have not figured it out. If somebody comvéh a question in chemistry | will
need to think about it but if somebody came withathematics question | would be
able to explain

Follow up interview — interview 3
L1-L16

TT: what do you think went well in the lessons yougtatuwhile | was here?
Lineo: yeah, umm in all the lessons?
TT: yeah, all of the lessons, what do you think weall?v
Lineo: umm for me what went well is that | think | caugheir attention with the
soccer diagram at the beginning, umm | tried to entlat not as umm that irrational
or that conceptual, that move from arithmetic tgeéka, | tried to link it whether |
succeeded or not | am not sure. | am not convirthadis... all | think is that it
helped some and not others. | think some werersitllable to make the connection
between what | was trying to convey and... so umnmhyleam undecided on that,
umm [silence] | think my general style of teachalpwed them to ask (interrupted)
TT: questions
Lineo: questions hmmm... | am happy with their questioniimgugh some boys were
still not comfortable that they could ask questjcergain may be | could address the
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problem from a different point of view and also tpeesentation... trying to do
pictures, the numerical and also my algebra linkiradl in, hopefully it helped some
and also the algebra looking at ...
L17 —L24
TT: Ok, is there anything that you think that this aiiet not go according to my plan
and most probably why you think it didn’t go well?
Lineo: there is one part that | realized afterwards izt | haven't taught correctly
was umm the coefficient (interrupted)
TT: coefficient
Lineo: what does it mean to be a coefficient umm or what coefficient? Umm |
realized then that there were... with the issue gbataised a couple of lessons down
the line which | thought | had dealt with themla¢ beginning. That’s the one thing.
L25 - L35
TT: that's the one thing; can you give me the exampldke issues that came up?
Lineo: when | say what is the coefficient gfin 10xy, they were not certain whether

they should give mdOxy, 10x or 10 whether it was positive 10 or negativeot0

umm | don’t know whether they had an idea of whatoaefficient was or it's role
umm | was talking about the stuff before the they also didn’t know whether to
include the entire expression if | haBe-10xy whether they need to s&y+10x

TT: the 5in front
Lineo: so they ... (interrupted)
TT: did you rectify that later or what did you do?
Lineo: | think | did it later and the boys then becamppiar with the meaning being
clarified

L36 — L42
TT: now the activities for that day, | remember yaartgtd with guess my rule, that’s
the first thing | remember we did. What | want twk is; why did you start with
guess my rule??
Lineo: we did guess my rule first with number pattems,used the letter n, finding
the n-th term, so | was trying to link in, they baused n before and we have
discussed what (unclear) of the n. | needed totlpatin a context, they had seen
before but now we are going to formalize it.

L43 — L53
TT: Ok Ok. So in that case what do you think is gobdua starting algebra in this
way? Like starting with number patterning towartle simplifying, what is what,
what do you think is good about this approach?
Lineo: about the order (pause) | think some of the b@ag done number patterning
in the primary school, a lot of them had seenhigytwere familiar with generalizing
the patterns, the n-th term. Whether or not thegewstood what it means | am not
certain umm so | really needed to start with thetiea which they are exposed to and
then (inaudible) its quite an isolated section witimber patterning, finding the n-th
term is not overwhelming like x’s and the y’s, thegre happy with n-th term.
TT: with only one letter?
Lineo: yeah only one letter, so ... (interrupted)
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L54 — L60
TT: if you were to look at the activities of guess mie, they were 3, what did you
expect the boys to learn from these? Becausewlgyyou did it was give me the
number and | will give back the answer, what wiley have learnt after these
activities?
Lineo: they wouldn’t have learnt anything new becauseg theve done this before,
they know how to generalize in guess my rule, dns Wasn't new. It served as a
reminder
TT: so you were recapping
Lineo: there was nothing new at all

L61 - L67
TT: that is they way you introduced the algebra, aeret other ways which you
know that could be used to introduce algebra?erise] you said you worked from
number patterning, so what | want to find is; dreré other ways that could be used
in introducing algebra to the boys?
Lineo: mm, word problems could also be an introduction tomm that would be
more for equations but could highlight the alggram so word problems could be a
good starting point and they don’t rely on quickaking.

L68 — L96
TT: Ok, let's look at the activities, the activitié$ quoted them very well were 3, the

first one resulted i@n+ 4the other was?®, and the last was 2x— 1So | want you
to tell me about the sequencing, why did you segei¢imem like this?

Lineo: | can’t remember (interrupted)

TT: what happened was that they were giving you nuspeterrupted)

Lineo: Oh for guess my rule

TT: the first expression was this one and then it thassquare number and the last
was this one of negative number

Lineo: Ok

TT: so | was interested in the sequence, did youipkurch that it goes this way?
Lineo: No, it was all spontaneous. | think | might haterted with something a little
bit easier likem+ 5 Umm probably because they are comfortable witimlmer
patterning so | started with this. Umm | wantednth® times and add, and then to

jumble it a bit | suppose | thought, let's #d and that is my logic for thinking and |
was able to judge from their facial expressionshéy were not able to get that one
right, | would have dumped it down a bit | also diot want them to have the mind
set that they are all times and add.

TT: | am thinking about dumping it down, do you hale up as well? When do you
dump it up?

Lineo: | don’t know

TT: because what you are telling me is that if theg peoblems you would have
simplified the expression, when do you decide tfwat | am moving it up?

Lineo: | think by looking at the general response, emmsti@and the physical
expressions when they get it right or wrong. Thaitlve my cue to say Ok we don’t
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want them to get bored, let's give them anotheillehge. Let's keep them on their
toes.
TT: Ok, Ok, so rescaling up would mean putting moralehge to the boys
Lineo: you see this is not a new section. | don't war@nthto go away with an
attitude that ooh number patterning is easy if tiheynage to get them all right. | need
to make sure they are on their toes.

L97 — L106
TT: when you got to the last one you said “tricky ow&” (interrupted)
Lineo: yeah
TT: tricky one now and | asked myself why you are sgyihis one is tricky as
compared to the other ones. What do you think wielsytin this question?
Lineo: because now the numbers | was giving back werativegnumbers and umm
even if they are quite good... given a number | gbigger number, with negative
numbers they were getting exceptionally smaller Iners, so what am | doing? | get
very small numbers so their thought process getsrsed. Umm (silence) they are

so used to then® and the2n+ 4now suddenly when they give me a number, it
suddenly becomes negative and very small, how épeplain what is happening?
L107 - L111
TT: Ok but then looking at the activity to me it hahiar signs, two negatives; it
looked like the first one. Do you think it was @ifént from the first one2n+ Wif
you look at it?
Lineo: umm just in terms of the positive coming out df tegative, | think it would
not be different really. Umm...
L112 - L117
TT: what problems did you expect the boys would havevorking with these
activities?
Lineo: umm... | think the reason probably why | said tramke now is probably to
make the boys feel at ease so that if they dort’'ttgaght it's Ok. It's a difficult one,
let’s give it a thought it's not going to come dklicand let's be patient and umm
take time to think of it. Umm they ... other boys wegay Mam | can’t think of it,
umm | am stupid Mam, what | don’t want them to do s
L118 — L129
TT: the next thing | would like us to talk about willvolve what you see there. Tell
me about the soccer kit activity, why did you psitlae first activity?
Lineo: for visual, for them to umm to have a pictorigb@st in maths so that they can

start to visualize, when | talk abouwt andx®. It gives visual cues. Let’s give them a
visual cue so that they can think that it reallykes sense that we can’t group the
shirts and shorts together in the same group, dneyseparate and the subject of the
world cup was happening at the same time | thirkwiorld cup was on Saturday or
Sunday and this was on Monday.

TT: so basically if you are to look at it are you say[silence] what did you expect
them to learn from this?

Lineo: mere grouping umm and identifying why are thesteidint and they need to
group them into different categories.
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L130-1L138
TT: Ok, did you foresee any problems or any diffi@dtthat the boys would have on
working with this activity?
Lineo: soccer
TT: yeah
Lineo: | have done it before with pieces of paper but uinfound that kind of
activity stupid. So | thought | can do a quick ity on the board so that they don’t
waste their time putting all the pieces togetheyspdally doing that. But | haven’t
used power point before.
TT: OK OK

L139 -L170
TT: If you look at these activities, these activitge quite interesting because | want
us to look at the order of presentation. | tried.td don’t know whether you will see,
they are going this way. They start there, come laed end there. Now why did you
sequence them like this? It was first the soccethidn the linear one, the quadratic,
the numbers, the algebra, numbers and then thebralg&Vhy this particular
sequencing?
Lineo: [laughs] it looks a bit odd but it is my thoughtopess. Starting with the
pictures into the umm the letters makes the linkhgosoccer kit will show the boys
why we put the x’s together and the y’'s togethen that was the reason for the
simplification from the soccer kit into the variabthen the next one was merely to
prompt the question what if we have tkeindividual and thex’s, are they the same
things? So | didn’t want to umm | don’t want to githe answer because the 9 and 3
are obviously different. | wanted them to think abthis before | make it obvious. So

rather than saying andx® are they the same or are they not the same? Umah wh

do we mean by*? May be we don’t know the answer. obvious numbérsourse,
this one was | don’t want them to be straightfordvbecause here they would have

said 3 and 9 of course are different and if | tpatx and x*next , they would have

said; oh nx andx’would be different but | needed them to think ababat is the
relationship with algebra? That’s the reason (iieted)

TT: why you sequenced them like that.

Lineo: like that and then again we have do thandx?, let's see what happens when
we have xy and yx so that was the relationship betwwhy thatx® andx, and then
the xy and then what do | mean by multiplicatiorgaf pre-empting | don’t want
them to have the opposite. They need to think abbmiguestion. xy and yx, why is
that and then numbers, 4 times 2 and 2 times 4hasethe same? | wanted them to
start thinking algebraically before (interrupted)

TT: before they come to numbers

Lineo: had to start with (unclear) oh yeah if | had reeerit they would have said 4
times 2 and 2 times is the same and when | puhamext slide xy and yx, they
would have said it is the same. That's what | viisking (interrupted)

TT: Ok | see
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Lineo: and again mixing them all up just to consolidatethe ideas that have come
through, what do | mean when | haveab and ba?

L171-1178
TT: now after this activity, what do you think the lsoyould have learnt?
Lineo: hopefully they would have learnt that algebraas a bunch of letters where
they can re-create their own rules, there is |dghind it and each letter represent a
number, each letter represent a different numbdrvainy is xy and yx the same
because of ... just for them to conceptually undedstdnat umm letters represent

numbers, that umm what do | mean by like termgrémp and why x andx® would
be different numbers. So | was trying to develop tielationship between the
numbers behind the variables.
TT: Ok, behind,

L179 —L184
TT: do you think the boys experienced the any problemgoing through these
activities?
Lineo: I think they grasped very quickly, whether thegneznbered long enough for
further exercises, it's another issue but | thipkta this point | would say the boys
got it, | think they knew, I think, it's my perceph umm whether or not it had a deep
enough impact | don’t know and that’s why | got oboys that are struggling

L185 - L197
TT: the other part which | would like us to talk abags where you defined term,
you remember the variable the constant and thdicieeit. Actually | tried to put the
whole lesson in because it was interesting. Sont@dato find out from you why do
you think these definitions are important in algebr rather in introducing algebra to
the boys? Why do you think definitions are very artpnt?
Lineo: | think the boys, especially the boys and alsogdinis they need to know that
umm our terminology in mathematics is important umtmen | am talking about
umm a constant they need to know it's a numbédra& got a role and they need to
know that umm mathematics language is importantnuend that it will be to their
detriment in future if they don’t learn to speaktheamatics properly. Umm so | will
always emphasize the definitions and the terminokxgd when they are giving me
back an answer if they are not saying it correttlyill correct them. | think it's
important that they don’t malinger.

L198 — L207
TT: so in this case, do you think this approach ofjlege, definitions helped the
boys?
Lineo: | don’t think it helped them, | think it's justahwhen | started my next lesson
and | start talking about terms, constant and estlike that at least they will know
what | am talking about. | as a mathematics teatchsannot umm for too many
lessons talk about the stuff before theor umm just a number with na They need
to be familiar with it in my conversation with thethat | am talking about the
coefficient they need to know what | am talking abbecause also if | start talking
about the stuff before for too long or the numlientit creates a lazy attitude on their
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part because that is the language they will adbpmselves, then they will start
talking about the stuff before as opposed to coietiit.

L208 — L235
TT: OK, OK that was another... you know | like quotinguy(interrupted)
Lineo: I don’t like you quoting me (laughs)
TT: but basically, in fact to show you exactly whainh going to do so that you get a
feel of (interrupted)
Lineo: how your project is
TT: yeah because | will be quoting you. At some stgge said “are you guys
getting a feel of algebra” | don’t know whether yoan recall that (interrupted)
Lineo: laughs
TT: what did you mean by getting a feel of algebra?
Lineo: umm the boys didn’'t look at me oddly, they weranéartable with my
question, so obviously | have used it in the past they were familiar with what |
am saying, umm for me | am always aware that algébrso obscure for them, |
mean all the way from the primary school up to nevsrade 8 they have been doing
arithmetic really, problem solving whatever... The &hd the y’'s and umm | need to
give them an understanding of, are you guys stattncomprehend the reason for
algebra. What | mean by x’s and y’s. it's not jlstters being uttered out of my
mouth umm are you getting a sense of comfort ratiem apprehension that this is
completely new, are you starting to be comfortablr..me talking about ab, ba are
you feeling Ok? (Interrupted)
TT: ooh, are you comfortable? (Interrupted)
Lineo: yeah
TT: because | don'’t think | got their answer afterttinehat did you expect them to
say?
Lineo: there are a couple of boys that in the past weald no | am not getting the
feel, | am not, what are saying is | am not underding umm and possibly | stand to
be corrected also when | say, are you getting hfteeit? Is not saying are you
understanding because if they say | am not undetstg then they are saying | am
not good at mathematics but if you are gettinged, i¢s | could get it, | am in the
right route, | am there, may be not | am not yetrr¢hbut it's feeling Ok, instead of
saying oh, no no, | am not good at mathematicsothkers are good and they get it
and | don'’t get it.

L236 — L262
TT: the other thing which | wanted us to talk abous e exam performance, how
have the boys performed?
Lineo: terrible
TT: what was wrong? (Lineo laughs)
Lineo: that's my honest response. | will tell you thelgems, the problem was this
was the first exam they wrote and | never had tiongest them on algebra formally
before the exam, some boys are good at writing ex@me are not. The send issue
was the way we structured our exam papers, thegager they wrote was problem
solving paper and it was fairly straightforward foy boys because they are fairly
bright, they did nicely in it. They were doing wédlr in mathematics, so when it
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came to writing the second paper they didn’t doanyk for it because they had this
| am good at mathematics, | don’t need to work \tlida mathematics.
TT: what was the second paper about?
Lineo: the second paper was about skills, the short muesstthe predictable
questions, they all got comfortable and felt goodhie first paper, they did no work
in the second paper umm that was the second igsi¢hird issue was that the skill
paper was the very Last paper they wrote in theane umm so again there was no
motivation to study, it was their last exam, theyé really done well in the problem
solving paper... And | spoke to the boys afterwardenvthey returned and they
admitted, that they don’t know how to study andytdeln’t have the motivation to
study and unfortunately with the algebra beinga section for them, there are rules
build into algebra, like terms. And they messed up
TT: with the rules?
Lineo: mm they did which was (unclear) | am generalizmg not all of them, they
did fine but they could have done better, from wehtrey were before the exam
started they were getting it. They knew what algelwas about but 3 weeks or 2
weeks into the exam session they had lots of pnoble

L263 — L284
TT: | saw this kind of problem where they were conrigreverything, did this kind
of a problem (2a + b =3ab) come up in the exam?dFieel saw in the lesson was on
5x + 3x + 2b (interrupted)
Lineo: Ok and they made it 10xb, yeah
TT: Did it come up in the exam?
Lineo: yeah, question ... (could not find the question) Btitink if it was in the
exam they might have mixed it up.
TT: | also wanted to find out what other approachesyamu using to address that
problem?
Lineo: when we got back in the third term, | discusseel ¢iam and what went
wrong and then | spend a week and half still regslgebra. | needed to make sure
that the results which | thought were not great ev@ot indicative of their
understanding and this confusion did arise umnst ginphasized, | repeated a lot, is
x and b the same? Yes/no | just added a lot moeslrased. | emphasized the rules
more for those who were not getting it if you adeliag or subtracting ask yourself;
are they the same? In case it does not come up Ivdictwas a revision for a week
and half and then | gave them the test, in thisi@@¢a) | extracted some questions
from the exam. | needed to put more for my own dakeake sure that they knew
what is happening in algebra. Umm because theynaeym three, the middle of the
road they need to carry along the stuff. | usedstimee questions and | here | added
my own. They did well here.

L285 — L297
TT: it's like the condition; exam condition has somegto do with the performance
going down
Lineo: | think also if | had said boys come let's haveis®n they could have been
perfect.
TT: this activity here, why did you think that thigiaty is tricky?
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Lineo: it’s a lot difficult (unclear) first they needed tecognize that they need to add
thex’s and then the y’'s. Umm the second thing which diferent for them is to
umm, initially | think is umm the sign like in -3yhat negative belongs to the 3 they
cannot forget about it. It is not positive 3y. Theged to take into account the sign as
well as the coefficient. So that was the big emighasxm because they do turn to
forget about the sign.
TT: so that is why it was said to be tricky.
Lineo: yes

L298 — L328
TT: the other activities, ooh they are there, that lbemB80. Why did you choose
these activities in particular?
Lineo: these ones which were written on the board?
TT: yeah, these ones which were on the board. Whyalidchoose them? And the
sequencing as well, they are quite interesting ghidaughs) you always use
something, | don’'t know what that something is thare is something (interrupted)
Lineo: there is a reason in my head
TT: yeah, why, why this order?
Lineo: Ok, | said number 1 purely from adding and sulitngclike terms and again
emphasizing the negative to be included... Purely thand x*we dealt with in
previous like terms, they were familiar with it atfte second one, umm the reason
why | say it follows from number 1 is that they &a@ly straightforward. Number 2
says hold on we don’t always need to have a nehsamplified answer. It's going to
remain the same and that’'s Ok, it was just to baktcarefully, it's ok not to have a
simplified answer, not always will the answer bmglified. umm number 3 Ok we
have done the adding and subtracting, let’s lookaltiplication umm in number 1

we had x andx?, adding them together, now we haxeandx” in multiplication,
what am | meaning by’times x as opposed txplus x*. So this is the new rule,
new scenario, what is happening wifitimes x. Umm and then number 4 we say

Ok we have done andx, now let’s put in the numbers in the numbers wjtivhat
happens now if | have got 4 and 2? How do they déhl each other and how do |
simplify the coefficient? And then number 5 now ldegawith the number and more
than one letter.
TT: Ok, that's how (interrupted)
Lineo: that’'s my logic (laughs)

L329 — L338
TT: let’s look at this, you know | got interested wHeagot here because to me it was
like there was a change in the meaning of that wsirdplify)
Lineo: mm
TT: so did you expect that the boys would see thatgéa
Lineo: what do you mean there was a change?
TT: like here it was collecting like terms but hers itke you expand and then re-
group. That simplify is no longer collect like tesm
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Lineo: | think they realized that simplify is make smalto they know there is a
process, like the first one we needed to gathertikms, it was a process in getting to
the simplified answer and in number 2 we can't grand that's Ok.

L339 — L349
TT: so basically here, what was the expectation? Wieaie the boys expected to
learn?
Lineo: | think umm primarily umm to distinguish betweem d adding or am |
multiplying? If | am adding, | follow these rules this thought process, if | am
timesing | need to follow this thought process.ohd teach them the rules, | don’t

teach them umm x? times x° is x**umm they need to think about it logically,
think about the rules. | would rather... even nowill get them to work out, what

isx timesx®, how many x’s are being multiplied rather thart gmying (inaudible) so
the first thing was to distinguish between am liagdr multiplying, If | am adding
what do | need to do and if | am multiplying what lcheed to do? And the role of the
numbers in each of those scenarios Like in addimgeld to worry about the negative
sign and when | am timesing what does... how do thebers play their role?

L350 — L362
TT: what | realized when you were teaching which hkhive agreed on earlier was
that you used verification. Why did you use veation? Was there another way you
could have approached that portion?
Lineo: the same (interrupted)
TT: like when you came to xy and yx you used 16 amal ¢heck that xy and yx are
the same. So that every time you give them xy thgy say it's 2xy. To me its like
you were moving between algebra and arithmetic. iay?
Lineo: | think this is because this is their initial umaste of algebra umm they need
to know that again with the number behind andi¢tier that if they are stuck, they
should put in numbers, see if the numbers workylmn and is not only magic
numbers that work, all the numbers work. So umnedded them to make the link
that this is not an obscure concept we need toagl th numbers and experiment to
see if this makes sense.

L363 — L387
TT: suppose you were not using numbers; is there atatyyou could go through
this activity? Is it possible...? (Interrupted)
Lineo: to introduce algebra without number?
TT: numbers
Lineo: without the numbers?
TT: yeah
Silence
TT: is it possible? | was wondering because when kddaat the boys they seemed
to enjoy the activity, it was easy, also | coul@ ¢bkat that was the easiest way of
doing it but | asked myself; is there another whgang it?
Lineo: without numbers?
TT: yeah
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Lineo: possibly, | don’t know, like pictorially, like... don’t know, this is catching
me off guard (TT laughs)

TT: it's quite interesting because (interrupted)

Lineo: because you again with the soccer kit you shdutthn't know. You know

sometimes how | do it as well, | talk about alienslk aboutx andx”being different

aliens. x’s belong to one planet and thé have got growth out of their heads, this
square so they have got this umm growth, now tlaéisas are different from the x
aliens, do they belong to the same planet? No!th8ax’s belong to one planet and

thex®belong to another, that's why they are separatenThe xy | have also done it
in the past umm x is one part of the alien andythe another part of the alien but
they are interlinked, if you turn them around iyis are they of the same object? Are
they not the same alien? Sometimes | refer to & the square is the growth and
the cube would be a different bigger growth.

L388 — L414
TT: 1 am coming to the last part, this is not relai@dhe lesson | observed, | have to
admit that that it is not from own interest. Intfdadid not get it from a Grade 8
textbook. I got it from Grade 10 textbook, in orfetlee new books where they deal
with number patterns. It may not be exactly likes tin the textbook. So it is actually
above Grade 8 (Lineo laughs) but it is believed tis kind of tasks promote
algebraic reasoning or mathematical reasoning. & my interest was to find out
from you is whether you have ever come acrosskihi$ of task or discussed it with
the other teacher?
Lineo: | have come across this before, well nos #xact one but similar one, but
umm honestly | would give it to my grade 9. It wdilde interesting discussion umm,
a nice investigation actually umm (interrupted)
TT: so you think you can give it to the boys
Lineo: mm
TT: what, what do you think the boys would need tdrdorder to engage with this
task?
Lineo: | think what they need is ... for my boys would isnay be your top group |
will leave it like that, for my boys a little bitfscaffolding umm part (a) would be
when n is 1, is 1+ n be odd... when n = 2 if you start the processtént in the
investigation that’'s all | would do. Just to stdrem off because they would say |
don’t know what's going on, how are we to know?y®a train them which we do
with our Removes (and name for Grade 8) with nungaterning we always start
with n = 1 and then build them up. Grade 9 and &0an’t scaffold them. They must
know to try (interrupted)
TT: their own way
Lineo: yeah
TT: with your top boys, you through them in the deeg@ @nterrupted)
Lineo: although | don’t know whether scaffolding wouldwally help, it might spoil
your question. They can try any number they want

L415 — L422
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TT: if you were to give this task to the boys withwathout scaffolding, what do you
think they would learn by engaging with this task?
Lineo: | think they would have learnt that investigatieehniques, sometimes your
answers are not the same and so forth. Everyonédwmed to do some trial and
error umm | think it would teach them some patieimcdoing trial and error umm so
| just want them to explore that umm is the ansg@ma be always even or odd, and
if it is going to be even or odd why. So | think mmit requires a lot of natural
thinking umm, yeabh like this

L423 — L430
TT: what do you think you would need to do so thaytteuld solve it completely?
Lineo: | would leave them to do the work and also | wiled to do is that none may
call the answer, that if they get the answer thmya show me and | would say no or
yes to see what their logic is. Because if they tbair answers some might say aah
man; they call out their answers, now | don’'t havelo it. So | think that will be the
first thing, | don’t need to show my intelligenae them. | think that's what teachers
like to do, they interfere and show the boys thaytclever too. So | will back off and
then prevent them from calling out their answerthimk | would like to give them
this in a test rather

L431 - L439
TT: but now if you put it in a test, it’s like therafito be a total mark and then if
there is a total mark now that portion... and | thitilat justification cannot be
completed by all learners
Lineo: I think the marks would be allocated for the watkiand the thought process
umm say out of 4 marks, 1 mark for your final ansesed the other 3 marks for the
working. Umm if they tried 1 example and came tooaclusion then they get 2 out
of 4 if they have done a lot of examples and ingasibn then you can scaffold the
marks. They also have a tendency... (Unclear) otkeple’s knowledge in a group
environment umm... | think it would be nice to seewheach individual makes
progress and | suggest you could do it in silermzelD minutes or 15minutes. That
might be another option.

L440 — L450
TT: | think | have taken too much time (interrupted)
Lineo: no not at all
TT: | have come to the end of what | wanted to askamthere is something that you
would like to talk about
Lineo: | talked to the other teachers about how theirsbiugve performed in algebra
in the exam and all complaint that the boys didltér so | didn’t take that personally
as a reflection of my teaching, that'’s it.
TT: let me ask, were the problems the same?
Lineo: yeah
TT: 1 would like to thank you for your time and fol@king me to learn from your
teaching. | hope you will pass my special thankh&boys.
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APPENDIX 4

Time

Transcript

Mathematical
Problem
solving

Mathematical
Problem
confronted

Nature of
activity

Knowledge
resource

Concept

00:00

02:06

Lesson 1
Lineo: Put up your hand if you have done some algebraypyour hand
if you have done some .... For those guys who haves gidgebra som

algebra, | am going to assume that the entire ¢tlassot. So just bear with

me umm... hopefully | will be reminding you of somefé May be | will
be teaching some of you some new stuff as well ear with me for
today’s lesson especially.

Lineo: now take out a piece of paper, scrap paper yeumar going to hand

it in, it's going to be rough, or your home workdks somewhere for yo
put some answers. [silently moves towards the dotrns and picks
paper on her desk, returns to her original positiéront of the boys]
Lineo: [standing infron of the middle columns] Ok, rememivhen we
were doing number patterning, we were playing guegsule. | am going

to start today’s lesson with guess my rule. It'stja recap, do you guys

remember how guess my rule worked?... remember gane me the
number, [sits on her desk] and | have got the milewy head and | givé
you back a number, remember, ok, let's see, wejustl do 2 or 3 (points
at a Lerato) number?

Lerato: 4

Lineo: let me first come up with the rule (writes on &ehof paper) Ok
your number?

Lerato: 4

Lineo: ok 4 and | give you back 12. Number, Sithole?

Sithole: 1

Lineo: 1 and | give you back 6. Thabo give me a number.

Thabo: 5

Lineo:5 and | give you back 14. Bheki, give me a number.

Bheki: 3

Lineo: 3 and | give you back 10. Lethabo give me a number

Lethabo: 2

&

Lo

D

| -Explanation

Questioning

Representing

Representationg

Mathematics|
(rules &
conventions)

Generalizing
patterns
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Lineo: 2 and | give you back 8. Ok think of the ruleydu have got it put i
down

Lineo: Ok next rule, | have got the rule in my head. dhgive me a Questioning Representing Representational Mathematics | Generalizing
02:17 number (rules & patterns
Lineo: 5 and | give you back 25. Peter? conventions)
) Lineo: 7 and | give you back 49. Khau?
03:38] Lineo:1and | give you 1. Last one, Henry?
Lineo: 3 and | give you back 9. [learners silently write rule in their
books]
Lineo: ok tricky one now. Last rule. Mpho give me a numbe Representing Mathematics | Generalizing
Mpho: 1 Questioning (rules & patterns
Lineo: 1 and | give you back minus 3 or negative 3. T3'el conventions)
Lineo: 2 and | give you back negative 5. Lisebo?
Lisebo: 6
Lineo: 6 and | give you back negative 13. Benni?
Lineo: 3 and | give you back negative 7. Lefty? :
Lefty: 0 Representing
Lineo: zero and | give back negative 1. Write down thle.r
[learners write silently]
Lineo: ok without shouting out, I will pick on people ethiirst rule. Who Generalizing
03:39 | managed to work out the first rule? Themba? Representational patterns
Themba responds and the teacher stands up and teahles board.
N Lineo: what times 2? (Writes 2 on the board) tell me wmat said before
04:46 everyone told you what they thought you must safiaiMid you say? Ok Working with Mathematics
you said X though, so you said ... learners’ ideas | Use of other (rules &
Themba: x times 2 plus 4 letters (than n) conventions)
Lineo: (writes on the boardd X 2+ 4. Is he right or wrong? Why? Questioning
Lineo: you are saying he is right
Lineo: Thembi, you are saying he is wrong. He is rightywWhy do you
change your mind? Why do you think he might betfigh
Thembi: because x and n | don'’t think, they araiufible)
Lineo: Ok let's have a look. Other people what did yay with then ?
One learner gives the answer in termdof
Lineo :( writes down the answen2 + 4 belowX X 2+ 4. Ok we shall
come back to that
04:49 | Lineo: question number 2, who managed to come up widt thne? Generalizing
_ Themba? patterns
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06:16 | Themba: n squared Mathematics
Lineo: [writesN® 5, the board]how many of you got number two corregt®uestioning Representational | (rules &
(Learners raise up hands) ok most of you. Well d@éearner suggests conventions)
nxn)

Li_neo: orn Xn, Thapo Wrote_n X N. Eeeh number 3, Hilda? Representational
Hilda: n times negative 2 minus one. Working with

Lineo: (writes as the learner speaks¥ —2 —1. Like that? Ok correct, didl learners ideas Writing Reading/writing
anybody write that in a different way? OK the nsirane is correct. Khayi Questioning algebraically

how did you write you thing?

Khau: n minus 2 minus 1

Lineo:n—2-1. Like that? Ok let's talk about that. (another riesa

suggests)

Bongane: | wrote minus 2x minus one . _ _
Lineo: you wrote (writes— 2X —1) like that? Hape? Worklng, with Transformational
Hape: | wrote n minus bracket n times 2 bracketusih learners’ ideas

Lineo: (writes N — (nx 2) —1) Lineo circles then outside the bracket) |l

don’t want to go into too much detail but if yowat it like one of my

examples, this would be causing a grieve, thatspitil it. Other than that

everything would be perfect.

Lineo: ok now we are not doing number patterning witks théw unit. We

have done number patterning but this was a nicedaottion to the

algebra.

06:18 | . What is algebra? Themba? Questioning

— Themba: using letters to symbolize numbers _ ) ) N ] _

06:47 | Lineo: Themba, using letters to symbolize number. So itiaabe's| Defines Variable Reading/writing | Mathematics | Variable
question with 1, with the issue that was raiseds@son as he sai | Working with _ (definitions
everybody said nooo... it has to i, we have always done finding thdearners’ ideas Representational
N -th term. Why is now that Thaabe comes up withois letter, surely it
must be wrong. Hello, you have put your hand umbo?

Thabo: it is because it does not matter what |dtisr it does not change
its value
06:52 | Lineo: ok, perfect remember with this letters, they agpresent any Working with Letters standing Mathematics | Variable

07:20

number in the whole wide world and for the algelveaalways choose
little letters a, b, ¢, d .the whole alphabet to choose from. You have go

26 letters, | could have come up wifrhx 2 + 4 because | think j is for

learners’ ideas
t
Explanation

for numbers

Reading/writing

(definitions)

Experience
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Jacob and Jacob is rules the world and that wosllshyp choice of the

(professional &

letters. You could have had any letter. Representing everyday)

. Looking at number )%is it the same a3X N, is that correct? What o , Representational _ Generalizing
07:21 2 Working with Reading/ Mathematics | patterns
- doesn”mean? learners’ ideas | interpreting Reading (rules &
07:31 | Naughtyboy:nxn algebraic conventions)

Lineo: N XN that would be perfect. notation

Back tracking, sorry (circlesn2 in the expression) is that how we Mathematics | Mathematical

traditionally write out the notation? Thabo? (rules & convention

Thabo: no conventions)

Linea: no, how do we traditionally write it. Questioning N

Thabo: we write n times 2 plus 4. Writing _

Lineo: (writes NX 2+ 4) now which way is neater? That way (points| at ) algebraically Experler_we

244 that way (points a1 2+ 4) Workmg’\{wth _ (professional)

n ) or tway (p learners’ ideas. Representational

Learners: the first one

Lineo: the first one, | really prefer that methaubifits at N2+ 4) of

writing it but

Disky: 2 timedn plus 4 Reading/writing

Lineo: (writes 2% N+ 4). Which way is neater? That way or this way?

Learners: the first one

Lineo: Ok, traditionally we always put up the numbersobefthe letter. Sg

N2 is correct but we prefer to write the number befire letters. Also we .

don’t write the times between a number and therdettvhen | write 2n Eganiation

what are we assuming? 2 tintes

The same thing here with thé why did | write the curly ? Questioning Mathematics | Mathematical
07:32 | Mpho: we do not want a straight x (rules & convention
- Lineo: Don't call it out. conventions)
09:00 | Thabo: inaudible Symbol conflict

Lineo: Ok, as Thabo said, if | were to write that curlgsca straightforward Representational | Experience

x what does that look like? times times 2 or xx2giot make sense. So | Explaining (professional &

guys I'm going to be very strict with you, when yawite yourX’s, it is authority)

the only letter that you have to change. | want yowrite it as a curlyX Curriculum

neatly. You neat to get into that habit. | will éa&ff marks if you don’t (assessment)
09:03 | Lineo: next thing, question number 3 which one here éspgioblem one? Writing Generalizing
- (points atn2+ 4, Xxx2+4 and n—2—1) Out of these 3 choices, 1,/ 2Vorking with algebraically Representational patterns
09:40 learners’ ideas

and 3 which one is the problem one? Thabo?
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Henry: n minus 2 minus 1
Lineo: (draws a rectangle around- 2 —1) Ok he is the problem. What
was the person trying to say? This is turning ouig N minus 3

(writesn —3) Nminus 3 is different to saying times minus 2 minus 1.

09:42 | Now I like the way it's written (points at 2X —1) how do we write thi§ Questioning Writing Representational | Mathematics | Mathematical
. one (points afl X —2 —1) in a neater way, John? algebraically . - (rules & conventions
09:51 John: minus 2 imea minus 1 . _ Reading/writing conventions)
) ) Working with

Lineo: (writes — 2N —1) hundred percent. learners’ ideas

Are you guys getting a feel of algebra? Ok youfamiliar with this from Collecting like
09:52 | your patterning. | want to explore further, keepuiyscrap papers out. | am terms
- going to switch on my data projector. Wily switckf the lights there| Questioning
14:10 | [pause] Ok usually | do this exercise with a whioleof pieces of papers Representational | Experience

but because we have a nice data projector it aileson picking on pieces (everyday)

of paper off the floor. [short pause] it's goingget lighted don’t worry.
Lineo: projects the Italy soccer kit

Ok, What have we got there? [learners chorus |tathlyyy... | must
admit that when | prepared this | had Italy andnEeain mind just in cas
but... France got defeated. So we stick with Italk @ your piece of

D

Representing

Questioning

Recognizing like
terms

Representing

Transformational
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paper, my question to you is and you need you swvanthis, | want you td
count how many of the same thing they are . How ymainthe same
things... how would you group the things [write itvdg how many of the
same things are there? Not similar, same.

[learners write the answer silently]

Lineo: Have you added? Listem to my question,

Lineo: what was my question?

Rethabile: how many [interrupted]

Lineo: how many of the same items are there? Yauntthow many they
are.

Lineo: have you finished? Ok Paul, | haven't heard frpon today. Give
me the answer. What have you come up with?

Paul: 4 hats

Lineo: 4 hats, do you agree with that? (Learners agmedjass are in ong
category. Then?

Paul: 3 socks (interrupted)

Lineo: correct, carry on

Paul: 5 shirts, 1 flag 2 ballsl cap, 2 balls, 1,Faghorts.

Lineo: 4 pairs of shorts, did everybody get the same?dgid anybody dqg
it differently? Khau?

Khau: | also added the badges (unclear) the badgese shorts, sock
(others make some noise)

Lineo: Ok, no no (unclear) thinking out of the box, | egmwith you that is
one way of looking at it and then how many baddds/du get?

Lineo: you could nothing is stopping; | gave you an opaded question.
Ok, a pretty, pretty arbitrary kind of pre-schoréecise. What's the whole
point of it? Yeah, all | am reminding you is th&ly won.

1%

14:11

15:10

Let's see the next thing.
Lineo: projects

Representing

Recognizing like
terms

Representing

Representational

Mathematics
(rules &
conventions)

Curriculum
(teaching
material)

Collecting like
terms
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y

Do the same exercise on that screen. [silence]
Lineo: Some are becoming faster than other. Mahentel me what the
answer is.

Mahomete:6y

Lineo: 6y’'s yeah

Mahomete: 5x pluga...

Lineo: Everybody got the same answer.

Questioning

Transformational

. Ok, now my question is they are all letters, winatde you distinguish th

[}

Visualizing

Variables

15:11 | a’s apart from theX’s and apart thg 's, Hilda? letters as standing Mathematics
- Hilda: They are different letters Questioning for numbers Reading/writing (rules &
16:16 | Lineo: ok they are different letters. Mahomete, what \dobé a cleveref conventions)

answer than that?

Mahomete: they look different

Lineo: they look different, Kele? : )

Kele: different shapes Working with

Lineo: different shape of letters, now in terms of algeldrask you the learners’ ideas

guestion again but start thinking algebra, why giml classify them o

differently? Why were put th&’s in one group and thg's in another and Questioning

the a’s in a different, Lethabo?

Lethabo: they have different values EMmoiri

; e ! - . mpirical

Lineo: correct, they ’s, X’s and thea’s will represent different numbers Explanation

| am using letters two letters at the same tin@nlassuming that those

values will be different. S@ could be 10, X could be 5 ang could be —

100, ok different values, any question so farufed

Let's see the next thing, projects
16:18
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17:28

[learners write the answer silently]

Lineo: Ok, Rob?

Rob: five x squared plus three x

Lineo: so you have fiveX squared and thre& (writes 5x° +3X) in

other words what | have written thereXSquared, you are talking 5 lots
X squared, agreed? Now why did you Roleontinue Robert why did yo
classify the X squared and differently?

2 . .
Robert: X means a number times itself and x means a number.

Lineo: ok when | am taIking(ZI am taking about a different value to the
same oldX

Representing

Working with
learners’ ideas

Questioning
of

u
Explains

Recognizing like
terms

Representing

Representational

Transformational

Reading/writing

Mathematics
(rules &
conventions)

Collecting like
terms

17:29

18:51

Did everybody get the same answer or did anybody sgenething
different? Tumi, you have a question.

Tumi: (asks but inaudible)

Lineo: ok | do get what you are saying; now | want youstart thinking
algebraically. If we gave this exercise to Gradedr Grade 2's they woul
do exactly, what you are saying (all laugh) | agnégh you, sorry | didn’t
mean it. Tumi you understand what | am saying (stheugh) Ok. No, no
what | am saying is, is not to put you down Tumprbmise. What | ani
saying is | want you to start thinking algebraigalHe is 100% correct

would give him all the marks at this stage becallEhave said to you i$

classify them and he is saying let's put thoseir2'their own category. He
is right. Why can’t they be? But now we are startio think algebraically
it's going to be an issue. Just taking up on thhé (projects)

0 Working with
learners’ ideas

|
b
B

Representing

Recognizing like
terms

Transformational

Transformational

Mathematics
(empirical)

Collecting like
terms
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o 3
O
O 3

That's the reason why you put x’s aﬁki differently, if x was 3, what is
the value ofX?[pause] 9 and 3 would belong to different categorg.

Explaining

18:53

23:10

Ok, next exercise, the same question, think aldgeddip this time. | am
forcing you to think in terms of algebra.
Lineo Projects

Xy Xy yX

X
Y X 4 yX

Think algebraically this time | am forcing you tdcture it in terms of
algebra
Lineo: Wily, you had an answer for me last time. Do yavéran answe
for me this time?
Wily: 2xy+ 4yx
Lineo: writes Wily's answer on the board
Lineo: How many got that one the same? Anybody came tipamything
different? Mahomete?
Mahomete:6X + 6y (others: aah...aah)
Lineo: Ok any other different answer?
Lerato: 6Xy, (others laugh)

Lineo: You said there were six pairs of xy or yx. Letack track, when |
say Xy, let's back track even further, when | say tRioin guess my rule
what were you meaning, Henry?

Henry: 2 multiplied by n

Lineo: 2 multiplied by so when two things are next to each other with
sign, no plusing, minusing, multiplying, dividingye are assumin
timesing, 2 timesn. Now if | haveXy what am | meaningX timesy

Representing

r

no
3y Explanation

Recognizing like
terms

Splitting

Representational

Transformational

Reading/writing

Mathematics
(rules &
conventions)

Collecting like
terms
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yX what am | meaning?

Learners:y timesX

Lineo: so now is Xtimesy and Yy timesX the same thing as separati
the y’s from the x's? ... | separated them out [pause because it's going
to be the same answer. If | say 10 times 2 the angw?20, it has go
nothing to do with adding the 2 and the 10, | dar@ak them up. Ok? BU
now let’s put in some numbers, umm Mthetwa giveanmeimber.
Mthetwa: 16

Lineo: ok let's make yourX 16. Mathe give a smaller number

Mathe: 3

Lineo: let's makey 3, so when | sa}t times Y, what is the answer goin
to be, whenXis 16 andy is 3?

Learners: 48

Lineo: 48, so this is 48, so all the xy's are 48. Nowsleee if yis 3
because that's what we said y was #nisl16, what is 3 times 16?
Learners 48

Lineo: 48, so the question is Wily, atéy different from yX or the same?
Wily: the same

Lineo: the same, coming with the same answer, whethar 2gimes 3 or
3 times 2 it gives the same answer so algebraitizlty(ticks 6XY) is the

correct answer.

Questioning

n9V0rking with
z learners’ ideas

tExplanation

Questioning

9
Questioning

Explaining

Questioning

Working with
learners’ ideas

Reading
algebraic
symbols &
notation

Transformational

Empirical

Mathematics
(rules &
conventions)

Commutative
property of
multiplication

23:12

23:18

Ntando: asks a question but inaudible
Lineo: ok | will speak more about that one. Ok ... but hofg who was |
as the teacher to mess up your brains and stamguip Yx because tha

is not the alphabetical order. The general rul@hien you write your owr
answer down yes | it should be in alphabetical ordé should come
before they but sometimes the order can be mixed up and irethaenple

that you are going to be doing the letters canvilpped around but whe
you write your answer yes | want you to write iplabetical order. OK
does that answer your question? Thabo, you hassae.i
Thabo: no

it
Explanation

Lineo: ok, last one, projects

Writing
algebraically

Reading/writing

Transformational

Mathematics
(rules &
conventions)

Commutative
property of
multiplication
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Representing

4 . 2 Empirical
2.4 4.2
4.2

This one just explains, if | chose¢to be 2 andy to be 4, 2 times 4 and 4 Explanation

times 2 the same difference.

What does that dot mean? (points at the dot bet@ea 4) Mathematics | Mathematical
23:20 | Learners: times Questioning Transformational | (rules & notation/convent
- Lineo: times, you have seen that before? Symbol conflict conventions) | ion
23:49 | Learners: some say yes, others say no Reading/writing

Lineo: yes, no. those people who possibly have not gdegiore, again to

prevent confusion instead of writing the timeséiese that might be Explanation Empirical

confused with th& we just write a dot (write ® 4) as soon as you see|a

dot, it will mean a times. So 2 times 4, 4 timeth2, same difference.

Last one
23:51 | Lineo:projects
24:38 > a b=

a a2
b2 ab
b
2 a
ab a ba Representing Mathematics | Collecting like
Work out the answer to this. The last one and thercan do some notes Recognizing like (rules & terms
on your theory books. terms Representational | conventions)

Lineo: Lefu, it's a question ... no no.... it's an importaptestion. What is

Lefu: now, because you say 2 point 4 (inaudible)
Lineo: yeah with a dot

Lefu: inaudible

Lineo: with a comma?

Lefu: yeah

Lineo: Ok that's why in South Africa we use a commad.Want a decimal

Working with
learners’ ideas

Transformational
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place | will put a comma. Ok, it's a good questibat’s why | wanted you

Explanation

Experience

to ask it (writes2®  4) that would mean times. Meaning of Reading/writing (professional)
symbols
Curriculum
Empirical
Ok, who can give me the answer there?
24:39 | Lineo: [silence] you are still busy. You are done. Diskyhaven't heard
- from you today.
28:06 | Disky: three ab plus three a squared plus two lrsguplus one b plus two
a. Collecting like
Lineo: (writes Teboho's response on the bodrd) terms
3ab+3a% +2b? +1b+2a. How many got that one write? Théuestioning Mathematics
majority of you. One technical question before wetlte notes. How could (ules &.
| improve that right thing? (Draws a line below tlegpression) one . conventions)
technical question, what could | do to improve taswer, Thato? Transformational
Thato: put brackets
Lineo: brackets, no they would make it more complex, hwta make it
neater. Khau?
Khau: Mam, you could have four ab plus 3 a squaiad 2 b squared plus
a
Lineo: wait... answer (writesAab+3a® + 2b” +1a) so you combined Conjoining
that b and a from there to get ab. Ok, right orngr®
All talk (some say correct, others say wrong) Working with
Lineo: Dave, you are quite convinced, share with me learners’ ideas
Dave: you can't just add because this isn’t theesttimg. Three a squared
and two b squared, you can't say is five a b sglare
Lineo: Ok, let's pick up on what Dave is saying, Daveaging why can't \working with
we combine those two 3 a squared and 2b squaré@gvéd ), what did| |earners’ ideas
you say 5af? Like that? Tell me more. So he is right? Who glisas?
Anyone to argue? Bob argue. Conjoining Transformational

Bob: inaudible

Lineo: Ok from what does that mean? Ok (writes Sab5*a*b) now
coming back to you

Dave is that the same as that?

Dave: no
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Lineo: no can you see even visually it doesn’t look samibut | liked your
approach ... Rob?

Rob: | can argue against that.

Lineo: [unclear] (circles ab on 4ab) so | am not plughmya and the b.
perfect, Robert, good argument (crosses the incoesgression) ok back
to my question, you get full marks, | am not quegythis answer, what is
the technical thing that | am querying [interrugtedthe simplifying is
correct, all I am saying is (removes 1 the coedfitiof b). Ok, avoid saying
one x, we always just write x because we assumgust one Xx.

explanation

Mathematics
(rules &
conventions)

28:07

33:16

sorry, take out your rules books, let's do somesur your theory books.

Wily switch on the lights.

Lineo: Ok, brand new page, brand new heading (writes xien the
board)

Lineo: Ok, algebra is the last section we are going tddming with until
we write exams. It's the last section, we will lmating with algebra for the
rest of this week, next week we’ll be doing revisfor the exam.
Dlamini: is it in the exam?

Lineo: Ok, it is in the exam.

Lineo: Ok, first things first, let's make a note of whatriables are (writes

17

on the board variable). Ok, it's the first defioit, what do | mean by a

variable?

Thabo: something that can change

Lineo: something that can change. Tell me a bit morab®hif you can ...
now that is English, it's a variable because thirea variation, not
mathematically, | gonna still pick on you Thabo hshatically it says you
can ... give me some more

Thabo: inaudible

Lineo: Ok, Henry

Henry: inaudible

Lineo: Ok all of you are right, let's talk mathematigalin algebra when

Questioning

Defining

Representing

am talking about a variable | am talking abouttteleof the alphabet thatExplanation

can assume any value (writes a, b, c, d, ..., x,)ys0zany letter of the
alphabet and | make you write down your curly xdimupted] ... all your
letters should be with a cursive.

Mokhele: why do they use....

Lineo: | think, but | stand to be corrected, for me thand they are used

Defining

Reading /writing

Mathematics
(definitions)

Variable
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more often because when it comes to plotting yaimtp what do we use?
The x-axis and the y-axis so we will be developingvhere we have
everything in terms of the axes. So | think in thiefront of my brain | am
always thinking x’s and y’s but there is no reafom stopping me from
using the p’s and the g’s. If so, listen hereséy x is 3 then you have to
stick with that 3, if say to you hold on x is 3 yoan't work with it as a
variable and say | gonna make it 10. If | givenitybu as a value you need
to stick to that value.

Explanation

33;17 | What do we call all the numbers then? (writes 13,24, 5 ...) without any Questioning Reading/ writing Mathematics
- attachment to the x or the y, the p’s and the ¥4t do we call those? |t Defining (definitions) Constant
33:55 | start with a C. those guys who have done algelstayé&ar Representing
Lineo: constant, why? because its constant valames not change, it's | Define empirical
not dependent on something changing. It'll alwag3b
Lineo: coefficient, have you guys come up with diocefnt before?| Questioning Reading/writing Mathematics
34:06 | [silence] (Writes the definition on the board) Haaglish. Your question i$ (definitions) Coefficient
- before what? Let's do an example and see whethmeakies sense. If | sayDefine
37:07 | to you what is the coefficient of x in the follovgrexample. It is the stuff Defining
before the variable Empirical
In 3x is 3
In —15x is -15
In 10ax is 10a
Lineo: if | gave you this question and | said wisathe coefficient of
10ax, what is sorry x in 10ax? It would be 10a.
Lineo: Ok term, what do | mean by a term? Anyonmeacross that word Questioning
37:05 | before? Term
- Lineo: Ok, let me give it to you before you comehnall your English
38:26 | definitions (writes the definition) an example witle better; they are Defining Mathematics
separated by pluses and minuses. Reading/writing (definitions)
Thabo: can | say (interrupted) Defining
Lineo: Ok give itto me
Thabo: 10x plus 7 equal (interrupted)
Lineo: (writes 10x + 7) | am going to stop you bg tequal, equals will
give me an equation, so | am not going to makegutaéanything, | am just
doing... what is the difference between..., | am pigkipon you Duncan,
he wanted to say equal and | stopped him, | saitisthn equation so what Questioning
am | dealing with then?
It also starts with an E. Reading/writing Mathematics
38:28 | Learners silent (definitions) Expression

173




39:11

Lineo: | am dealing with an expression. An exprasgloesn’t have you
answer equal to anything. What we are dealing aighexpressions or ov¢
here we can say algebraic expression next term \lle deal with

equations. How many terms are in10Ox + 7

Mpho: 2 terms

r
srexplanation

Questioning

Defining

39:13

39:49

Lineo: (writes (216Xy — 3Xy — 5xy). How many terms have | got there
Mohapi: 3
Lineo; three even though | have got Xy Xy | still have 3 term.

Questioning

Defining

Reading/writing

Mathematics
(definitions)

Counting terms

39:50

40:36

Lisebo I'm picking on you again, in question 1, whaould be the
coefficient of x in that expression?

Lisebo: inaudible

Lineo: question 1, let me read the question again

Lisebo: 7

Lineo: why?

Lisebo: inaudible

Lineo: Ok, what is the meaning of coefficient?

Lineo: aah aah, going back to the definition | daichn be a variable or
constant, tell me more

Lisebo: a variable for x

Lineo: it's a variable or constant before X, itetstuff before x. Ok?

Questioning

aQuestioning

Defining

Defining

Identifying
constants

Reading/writing

Mathematics
(definitions

Coefficient

40:37

41:17

Lineo: in question 1, Wily what is my constant?

Wily: silent

Lineo: it's just the number by itself

Thato: Mam why

Lineo: because it's not dependent or attached itoixpy itself

Questioning
Defining

Explanation

Defining

Identifying
constants

Reading writing

Mathematics
(definition)

Constant

41:18

42:48

Lineo: Now, last one (writesﬂf(x+ y)) tell me about that one, how ma

terms are there? [silence] Ok, Mpho?

Mpho: 2

Lineo: Mpho, 2, tell me,

Mpho: x and y

Lineo: x and y you got plus between them. | woulthtto agree with you
but (giggles) it is wrong. How many they are, Hldmop

Hlompho: one, ther is 4 times [inaudible]

Lineo: ok, let's go through it again if | have nuendimes something, thd

njRuestioning

it

Defining

Identifying terms

Reading/writing

mathematics
(definitions)

Counting
number of terms
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something could have plusing and minusing insidétst going to be 1
term.

Lineo | will go through that again (puts bracketeund 4(X+ y)) this is

1term

Wily: madam in 4x + 4y there will be 2 terms
Lineo: In that expression you are 100% correcteheill be 2 terms but in
that given format if | say how many terms therel wé 1 term. Henry and
Oscar you are not concentrating. Ok, let's go thhothat again, if | have 4
times something, that something may have plus euminside it, it is
going to bel term.

Lineo: ok, there is 4 times something; we don’tecarhat is inside the
bracket, 4 times something how many terms? 1 term

+=

explanation

42:49

43:46

Last example (writes— 3(X+ y)—2(2x+ y)) take this down. Take it Questioning

down and tell me how many terms are there. Dorduskt out. Close you
eyes everyone, memorize that example and haveaymwer in your head
close your eyes, we need to go and put your hantlsei air tell me with
your fingers. How many terms? Put your hands inaih¢hose people wh
said two may go those who said 3 we need to hareat | will deal with
this tomorrow.

O

Identifying termg

Reading/writing

tMamatics
(definitions)

Counting
number of terms|

00:00

01:54

Lesson 2
Lineo: ok, yesterday we looked at algebra; we sthwtith looking at some
terminology associated with algebra. We lookedaat fve group umm...
the variables. In the meantime take out your théwmigks we are just goin
to do a couple more notes and for the remaindéreofesson | am going t
you the worksheet to start working with some exs&si While you are
taking out your theory books, let's just quicklycap a few things, Thab

(looks at the learner) talking. (writdsx® + 3x* — 2X + 8 on the board

silently) Ok, first things first, is that an expsémn or is that an equatior
Hands up, Thato?
Thato: an expression
Lineo: an expression. What is the difference betwase expression and 3
equation?

Thato: an equation has an equal ...(interrupted)

Lineo: Ok

Thato: an expression (inaudible)

Lineo: Ok, an equation equals something; there hélla value, so thg

[ R ANe N (]

2 o
‘Questioning

lr‘buestioning

tWorking with
tearners’ ideas

Defining

Reading/writing

Mathematics
(definitions)

Empirical

Expressions &
equations
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expression will equal something and it turns intoeguation. So that is dnExplanation

expression.
01:55 | Lineo: second question, what is the value of thestant? What is the Questioning
- value of the constant, Mpho? Defining Reading/writing | Mathematics | Constant
02:22 | Mpho: 8 (definitions)

Lineo: 8 remember your constant (circles +8 in eélxpression and writes Identifying

constant) does not depend on the variable, theme i¥ attached to it or Explanation constants

being multiplied by it.

Lineo: next question, how many terms are in tharession? How many Questioning Reading/writing
02:23 | terms are in that expression, Lefu? Defining Terms
- Lefu: 4 Identifying terms Mathematics
02:56 | Lineo: 4, give me the definition of how we countr ¢éerms. How did you (definitions)

come up with the value of 4?

[silence]

Lefu: | counted the terms separated by the plusdgtee minuses Defining

Lineo: so the terms are separated by the plusesangses (underlines the

terms) so there are 4 terms there.

Next question, what is the coefficient &f . What is the coefficient of> | Questioning .
02:57 | in that question, Neo? Coefficient
- Neo: 5x squared and 3 (Lineo interrupts) - . .
03:54 | Lineo: let's back track, what is the definitionatoefficient? Defining Reading/writing .

Neo: before the number o Mathgmatlcs

Lineo: before, Ok, let me clarify that because bwalking about the stuff . Ident_|f)_/|ng (definitions)

before. When | am talking about the stuff before Wrariable or the EXPlanation coefficient

constant is what is being multiplied by the . what is the coefficient of

X% in that guestion, eeer , Neo?

Neo: [inaudible] ... before

Neo: Ok, let's back track, what is the definitiohaocoefficient?

Neo: inaudible Working with

Lineo: Let me clarify it because | was talking abthe stuff before, when
am talking about the stuff [unclear] the so valeaty the constant is wha
is being multiplied by the variable. So when | salyat is the coefficien

of X*>? What will be the answer, Neo?
Neo: 3

| learners’ ideas
At

Lineo: 3 perfect, so 3 is my coefficient (pointsith an arrow and write
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coefficient)

04:00 | What is the coefficient ot , Mathe? Questioning
- Mathe: 2 Defining Mathematics | Coefficient
04:44 | Lineo: have a look at the expression again, make sou are 1009 Reading/writing | (definitions)

correct. What is the coefficient &f? Identifying

[Silence] coefficient

Lineo: we want to give Mathe a little more ccharltés negative 2, we are Mathematical

going to talk about now, that negative who dodselbng to? You see thatQuestioning Reading Mathematics | notation

negative who does it belong to? It's not just sitiin the middle. It's _ algebraic (rules &

attached to the 2 so that the coefficientXofhere would be— 2 (circles | €XPlanation notation conventions)

— 2 and writes coefficient). Happy with that? So yoaliide the sign as

well.

Thato: do you include the plus then? Working with Reading Reading/writing Mathematics | Mathematical
04:45—| Lineo: correct, plus 3 but when we say plus 3 varatwe (interrupted) it's learners’ ideas | algebraic (rules & notation
04:58 | 3 but if it's negative 2 obviously we need to sagative 2. notation conventions)

05:00 | | ineo: last question what is the coefficientot, Dumi? Questioning . _ O Mathematics | coefficient
o05.08 | Lineo: 5, ok. Its coefficient, constant variablecexpression. Defining Reading/writing | (definitions)

The thing that we ended with yesterday waéa + b) - 6(a - b) | don’t Counting
95'12 know what the question was but it was something that and | said how Identifying terms | Reading/writing number of terms
06:03 | Many terms are in that expression and you got tisver correct and yOJQuestioning Mathematics

' were able to go home, if not you had to stay tls¢ oéthe afternoon. How Readin (rules &

many terms are in that expression, Vusi? 9 :

Vusi: 2 algeb_ralc conventions)

Lineo: 2 and explain why for those people who giteret certain. - notation

Vusi: because what happens is you are saying Aptedt by everything in Questioning

the bracke_t that's one term and then minus 6 migdy a — 6 Explanation

Lineo: (writesX between the 2 and the opening bracket and bet&esn

the opening bracket) so there are 2 terms sepdgtachegative sign

Ok let us do some more notes in your theory booksthen you can do Reading Reading/writing Mathematics | Number of
06:11 | some exercises. algebraic (rules & terms
- Mokhele: that will be negative 6 multiplied &— 6 Working with notation conventions)

06:25 slearners’ ideas

Lineo: yes it is negative 6, but to count how m&emyns, we have got thi
individual pieces
Mokhele: inaudible
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Lineo: correct, correct

Lineo: under your terms we ended with counting &rjust some words Defining Defining Reading/writing Mathematics

you must be familiar with (writes on the boardaiéxpression contains one (definitions) Monomial
06:40 | term we call that a monomial. (Interrupted) yeatket it down in yourn
- theory books. Give me an expression with one tetatala
07:41 | Halala: -5

Lineo: (writes — 5 on the board) so — 5 we couldehsaid — 5xyp but i

would still be 1 term.

Let's do two terms, who could guess what 2 termaldibe? Questioning

Learners: chorus binomial Defining defining Mathematics | Binomial
07:43 | Lineo: binomial you know that as in bicycles- tweels. Edward give Reading/writing (definitions)
- me an example of an expression with 2 terms.
08:44 | Edward: 2 + 2

Lineo: 2+ 2, umm, let's do a different example; let's introdusome

algebra, some variables. Ye&abthat's one term, give me another tefm

(writes2ab —6ab) or we could sagab—-6pqQ.

Lineo: Three terms (interrupted) Questioning defining Mathematics
08:45 | Morena: Trinomial (definitions) Trinomial
- Lineo: trinomial, Lebo give me an example of 3 term Defining Reading/writing
09:12 | Lebo: Three bc minus one pq plus 2

Lineo: (writes3bC— pg+ 2on the board), hundred percent, instead of

saying 1 | am just going to say pq,
09:14 | Now we are going to have a name for 4 terms. Novargegoing to have aQuestioning Defining Mathematics
- name for 4 terms, anything bigger than 4 termgras, 5 terms, 6 terms (definitions) Polynomial
10:38 | ... All the way to infinity. If you have got 100 tesror 4 terms, anybody Reading/writing

knows what we would call that, Chipa?

Chipa: polynomial Defining

Lineo: perfect, a polynomial, poly --------- manjohn give me an examp|eWorking with

of a polynomial (writes5cd +8fg —6ab+ 3as John dictates it) welearners’ ideas

don't necessarily have to hawab, 2 letters next to each other, we colild

have 6athat also would have been fine but John wab@d, that's your

example.
10:39 | Chris? Reading Mathematics | Mathematical
- Chris: doesbabmean 6 times a times b? Working with algebraic (rules & notation
11:01 learners’ ideas | notation Reading/writing conventions)

Lineo: correct 6 times a times b. just to clarifyrid’s question6ab means
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6 times a times b, it does not mean 6 times a tBrt@ses b. ok its only thg

D

6 times a times b. Explanation
Ok, last thing in your theory books for the mometeading (writes adding Collecting like
and subtracting) we saw this yesterday, so thisulghde fairly terms
11:02 | straightforward for you guys but let's see what pegs. (Writes group
- “like terms) ok whenever you are to add or subtract you haxgzaup like
13:24 | terms. You remember yesterday on the Geometertslgkad you hadX
and X* and you put all th& together and thex? together. That was
grouping your like termsX Belong to one group and the?in another. Questioning Transformational
your instruction will always be simplify [pause]W(¢ites simplify Mathematics
3X+5x+2X) Let's star with a straightforward one. Thre¢ plus (rules &
another five X another plus twox, Mpho, what do you think the answer conventions)
could be?
Mpho: 10x
Lineo: explain to the class how you got that i i .
Mpho: umm | (inaudible) Interpre_tlng Reading/writing
Lineo: 10X, Ok, so all the x’s belong with each other (ciscBx, 5x, and Explanation E{ggg%g
2x). | am including the signs before the numbeg, sign always belongs
with the number. 3 plus 5 plus 2 is ten x, Mpho?
13:25 | Mpho: Mam, if you have more than one x, 3 and 10e/a Working with Substitution Transformational Empirical Evaluati
- Lineo; yes, if | said to youXis 2 then you would say 3 times 2, 5 times [Barners’ ideas expressions
13:37 | and 2 times 2. Explanation
13:38 | Mahomete: mam, if it's like 3x plus 5x plus 2b wduhe answer be 10xQuestion
- (inaudible)
15:27 | Lineo: let's do that example, you said [writ&X +5X+2b =on the Mathematics
board], do that by yourselves, if you are not dertgou can do that ir Transformational | (rules & Collecting like
pencil and come up with your answer. (silence) Asigwhat do you think o conventions) | terms
your answer could be? It does not matter if it ®ng. Conjoining
August10xb
Lineo: 10xb tell me how you got the answer.
August: umm Mam, x and b can be the same valuer(intted).
Lineo: can they?
August: no . .
Lineo: Ok, you are happy they are going to be diffie values. Let's haveQuestlonmg Transformational . N
someone different, Mohapi? Mathematics | Collecting like
(rules & terms
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Mohapi: 8X + 2b
Lineo: 8X + 2b (writes it on the board) convince me that you aghtr

Mohapi: we have 3x plus 5x, and 3x plus 5x is &nthanother term whic
is 2b

Working with
learners’ ideas

h .
Explanation

Lineo: Ok, Mohapi, this is right, th& on the board, remember when we

had the X and thex? or the X and they, the X you put in one group
and the Y in one group, the same thing here, ths belong with each

other and how many are they, there are 8lyand thatb is a completely|
different story, he belongs by himse8x + 2b, how many got that on

correct? (Learners raise up hands) Ok not too batis try another one

umm (writes— 2X + 5x — 3y + 2X + 6Y) let’s if you can come up

)

conventions)
Mathematics
(rules &

conventions)

15:29

17:31

Let's try another one umm (writes2X +5X —3y + 2X +6Y) let's if

you can come up with that answer. Tricky now beeausw | have some

negatives in there.
[Learners work silently]
Lineo: Ok Dumi, you had your hand up first, tell me

Dumi: 5X + 3y
Lineo: 5X + 3y, let’s see if that makes sense, | am going to gradlmy

x's and if you want, in your tests and in your exegs use colours, for th
X | going to choose orange and when | group my xjsihg to include the
number and sign before it. Three is x (circles xfeein orange) anothe
one and another. So minus 2 plus 5 is 3, 3 plus i Let’s do the y’s
minus 3y plus 6y obviously gives me positive 3ywHmany have got tha
one correct? Ok we are making progress.

Questioning

eExplanation

=

t

Reading
algebraic
notation

Transformational

Mathematics
(rules &
conventions)

Collecting like
terms

17:32

22:18

(Puts up6x® —8x —3x* + —2X — X) that's a long one.

[Learners work on this problem individually]

Lineo: how many of you are still busy with 4? QXily, you are closest tq
the board and do the groupings for me.

Wily: number...

Lineo: Ok, What are you going to group first? Okfgoit. Which one dog

you want to do first, the x squares or the x’s?atTiminus who does it

belong to (Wily say$8X) Ok
Wily: circle 6x*  and3x?leaving out the signs

Questioning

Reading
algebraic

Transformational

Mathematics
(rules &

Collecting like
terms
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Lineo: (makes some warning noise) that minus whesdbbelong to? notation conventions)

Wily: includes the signs but seems to be puzzled.

Lineo: 6x? minus 3x*, what's the answer going to b&X*minus 3x?,

looking at the numbers (Learner silent) 6 minus 3?

Wily: 3

Lineo: what's the answer going to be? What are weugng? (Lineo

writes 3x?)

Wily: x

Lineo: (x) square

Lineo: next colour. Ok, guys just bear with Wily.

Wily: circles -2x and —x

Lineo: minus 8 minus 2

Wily: minus 10 Working with

Lineo: minus 11 what? |earners’ ideas

Wily: x

Lineo: then what?

Wily: plus 4

Lineo: hundred percent. That 4 sitting by himsedfttad no one to pattefnyorking with

with so we must not forget him we write plus 4, ajueries on that one?|earners’ ideas

can you see how | strict | was with wily? Include tsigns always beforegyplanation

your number. Enoch? What did you come up with?

Enoch: minus 5

Lineo: Ok, let’s have a look. Did you group tixes like Wily did? Questioning

Enoch: where is the minus 11 from?

Lineo: We are looking at the signs as well minugsiBus 2 is...

Enoch: minus 10

Lineo: minus (points at the coefficient &f) what is the imaginary number

there? 1. Minus 11. Teboho? Start again.

Teboho: 2, it represents, it's like a letter... Witle square

22:19 | Lineo: Yes try the last oneApg—3gp— p+4p ), ok | will do this one. Questioning Transformational Collecting like
54:36 Still busy with question five. Ok, Mahomete is $iteg the question2 p(, terms

| am going to dopgin orange (circleq), are there any othep(’s?

Yes Kori?

Kori: qp Mathematics

Lineo: yes remember yesterddy and yx always came out to be the , , _ . (rules &
Explanation Reading Reading/writing conventions)
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same x times y, y times x so grouping my pq’s wiith sign before. ther
is my pq [circle2pg] and he belongs witlgp [circles —3gp], | group
with the minus 3, no morgQ’'s, pq is one term [interrupted]

Ntando: why can’t you change the (unclear) cantt yoake P and 4q to

be one?
Lineo: how are you going to do that?
Ntando: can’t you make it 5qp?

Lineo: What doespg mean? what's happening between q and p? (pguse)

Ntando: timesing

Lineo: timesing, timesing is different from sayin@plus . Two minus
three (referring ta2 pg — 39p),

Ntando: minus 1

Lineo: Minus one and instead of sayinglpQ! am going to just writeg
— PQgin alphabetical order

Khau: is =1pgwrong? Would you get the question wrong if you @i

—1pq
Lineo: no, is fine for now. Yeah, just try to geto the habit of ignoring
that 1. that minusp does he got anyone to belong to? We must not fq

rget

algebraic
notation

Recognizing like
terms

Conjoining

him and that plus4q is by himself. Is that Ok, not so bad, you can put

away your theory books, in the meantime take out y)ymework books,
24:37 | | have got a worksheet for you guys (distributes work sheet, learners
- talk ) firstly, Ok, let me tell you what | expedtstly | don’t want to seq
26:43 | any answers on the worksheet. You have to put ymswers in you

homework books. also | want you to write out theesjion equals the
your answer. Ok, so write the question and the anshvwill not take you
that much longer | promise. Exercise 1 umm Osead rout the questio
for me.

Oscar: how many terms are there in each of thdedgeexpressions?
Lineo: Ok in number one all you need is just tordahe terms. Number 2
umm Chris read out the question.

Chris: write out the coefficient of x in the follawg algebraic expression

Lineo: can you do that? Can you write down the ficiehts? Exercise 2

Rod?

=)

Rob: simplify if possible
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Lineo: can you simplify the expressions? Yep, sotstith exercise 1 an
then move on to 2 and then we can see how far gnget. Chris?

26:44

30:13

Chris: (unclear)

Lineo: will walk around if there are queries.

Retsy: Mam will this be 1 or none?

Lineo: you tell me. What do you think?

Retsy: | said is 1 but he says it's none

Lineo: if you have abc to argue, can you hear?

Retsy: a times b times ¢, and these are three temitts abc together. |
does not make a times b times c¢ so there will tegr8s

Lineo: Ok, what's the definition of a term?

Retsy: minus and plus

Lineo: they are separated by pluses and minusea.tites b times c, hoy
many terms? One or two or none?

Retsy: 1

Lineo: 1 term, now why did you say you needed aplu
Retsy: yes plus or minus

Lineo: if you have abc plus, you have got plus sthimg right?
Retsy: yeah

Themba: if there is plus or minus separating theitridnot a times b time
c

Lineo: it is

Themba: so there is no term, ooh, it's plus abc.

Lineo; it's a positive abc

Themba: will that separate

Lineo: Ok, let's do it this way + Y, how many terms?

Themba: two terms

Lineo: correct, if | take away that, how many terans there?

Themba: 1 term

Lineo: 1 term

Themba: so just letters can make terms

Lineo: yeah

Lineo: even, have a look over here umm that nunffjerx sitting by
himself its gonna be 1 term because also whatntlginary number befor
abc?

Themba: 1

Lineo will that make you feel comfortable?

Working with
learners’ ideas
[

Questioning

v Defining
Questioning

)

Identifying terms

Reading/writing

Mathematics
(rules &
conventions,
definitions)

Collecting like
terms
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30:14

31:10

Tobi: ... with bracket how many terms is that?

Lineo: you tell me

Learner: | am not sure.

Lineo: Ok that bracket basically we do not care tghgoing on inside thaj
bracket because we are saying it's 3 times. Ther@o plusing of
minusing. So it's just one term.

t Explaining

Identifying terms

Reading/writing

Mathematics
(rules &
conventions)

Counting terms

31:12

32:14

Moshe: 3 times that number, there will be no terms.

Lineo: | agree but umm Ok, let's go back to thiplus 2y, if | take away
the 2y, how many terms have you got?

Moshe: 1

Lineo: so why in abc did you say there were thezms?

Moshe: | said there was times (interrupted)

Lineo: but even x by himself is not timesing anyone

Moshe: ooh it's not next to another number

Lineo: what is the number before that x?

Moshe: | don't know, ooh 1

Lineo: 1 and again in the abc is one thing. Sangettack to your questio
which one was that?

Moshe: 3 times ... it will be 1

Lineo: Have a delightful moment.

Questioning

Questioning

Identifying terms
and coefficients

Reading/writing

Mathematics
(rules &
conventions)

Number of
terms

32:15

36:24

Lineo: there is on need but they have given youaaket (interrupted). O}
it would be but why did they give you the brack&vhat would be the
number outside the bracket? The imaginary numbesidel My guestion
to you is what would be the imaginary number befbreebracket? If ther¢
was to be a number, what would it be? Ok now | hayet

2X, 3%, 4X and if | wrote justXwhat am | meaning? (learner quie

Ix and thatlXx means 1 timesX so the same thing with that bracket 1
the imaginary number outside the bracket so if ywad written 1
immediately you would have said it's 1 term. It wilelp sometimes tq
clear your confusion but whether there is 1 or thetre will still be one
term.

Kurt: ... the coefficient, is ibp + 3 or is it just (inaudible)

Lineo: the coefficient is all the stuff is being hmplied before theX

Kurt: Ok

Mbuyi: when we were doing expression, is it adewith no coefficient?
Lineo: what is a coefficient?

Learner: shrugs his shoulders.

Questioning

D

2t)

iExplains

Working with
learners’ ideas

Identifying terms,
coefficients

Reading/writing

Mathematics
(rules &
conventions)

Coefficients,
terms
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Lineo: you have just told me now. What is the nuntiefore theX ?
Mbuyi: X

Lineo: the coefficient is 1

Mbuyi: 1x

Lebo: Mam, in x will the coefficient be 1?

Lineo: what did timothy think it was?

Lebo: zero

Lineo: what would zero times anything be?

Timothy: zero

Mbuyi: in this expressior2X + 1 the coefficient will be plus 2 (inaudible
Lineo: it's just the 2. It's only when | was talkjrabout multiplying the
stuff, 1 think, | people misunderstood me, it'ssfuthe stuff being
multiplied before that letter.

Questioning

Explanation

Semoli: (unclear) Mathematics | Number of
36:25 | Lineo: if | said X, what is the imaginary number before tk€ Identifying terms (rules & terms
- Semoli: 1 conventions)
36:55 | Lineo: 1, if | say... Ok, let's do it this way, in gstion number (p), how Questioning Reading/writing

many terms are there?

Semoli: 2

Lineo: two, so in question number (m)

Semoli: 1

Lineo: 1,

Henry: (unclear) Identifying terms, Number of
36:56 | Lineo: how many terms did you say they are in neini coefficients Mathematics | terms
- Henry: 1 Questioning Reading/writing (rules &
38:10 | Lineo: Ok, 1 umm (interrupted) conventions,

Henry: is that the 1 term? definitions)

Lineo: the whole thing is one term.

Henry: why the whole? Ooh it's 3a you don't takeagwthe brackets

Lineo: but that bracket groups it we are not seeirimat is inside thag

bracket, it's 3 times the bracket. So in numberwe)ha 3 on the outside,

what would the imaginary number (interrupted)

Henry: 1

Lineo: tell me why. Questioning

Henry: it must be 1 term because it's the 1 timésnow is it 1 times, not ]
plus or minus so you don’t consider the times t&s@

|
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Lineo: no

Henry: it doesn't (interrupted0

Lineo: remember terms are separated by plusesrorses.
Henry: so it's only 1 term?

Lineo: yeah

38:12

39:24

Lineo: there was a hand down here.

Thato; here | just wanted to know when we ha#X+5, for the
coefficient do we have to say plus 2?

Lineo: no, because when you write 2 we assumebitgasly positive 2
Thato: Ok, but if it's negative, then obviously ybave to put it

Lineo: yeah

Lineo exercise 1 and 2 to be completed

Working with

learners’ ideas

Identifying
coefficient

Reading/writing

Mathematics
(rules &
conventions)

Coefficients

00:00

03:30

Lesson 3
Lineo: ... two exams, both exams are examined orséimee content. OK
right from the beginning, data, geometry, the atgebyour number
patterning. You have to study the same amount éth Ipapers, one is
problem solving paper and the other one is justlsski will talk
[interrupted]
Mpho: unclear
Lineo: the problem solving one is your long onehihk is 1 hour and &
half, and then your skills is just one hour. Oknesnber the only thing tha
is not going to be examined is your constructiddk, anyone now want
to admit that they have not done their homework@se 1 and 2. Kele
No homework?
Kele: no I did 1
Lineo: why didn't you go to 2 then? ... anybody el$@R let's mark the
homework and then we can move on. Just from the gioint of view | am
going to read out some of the answers, | will tigeth you guys to rea
some of the other. Ok, are you ready? Ok, exertispiestion number 1
how many terms? Number (a) there are 2, (b) 12,(&)) 3, (e) 2, (f) 3, Am
I going too quickly? (h) 1, (i) 4, () 1 (k) 1, ®, (m) 1, (n) 2, (0) 1, (pO 2
(q) 2 and (r) is 3.
Someone knocks

D

]
18

N )

L

Reading/writing

Number of
terms

03:31

06:00

Lineo: come in. where has you bag been? Why yoldoduwou find the
bag? Quickly, you have just made it under the fiiautes deadline. Dig
you do your homework? Question number 2, the atefit of the variablg

i

X, number (a) 3, (b) 2, (c)3 ...and (i) is 7

Collecting like
terms

186




Hlompho: Mam, (inaudible) why like ¢ (not clear)

Lineo; .... It's everything that is being multiplidxy the X, I'll clarify that
with you just now, Thabo.

Lineo: exercise 2 let's go through all answerslécah learners to read o
their answers) number (a) Dlade?, number (b) Adam(his continueg
until all questions are marked)

Lineo: read out the question , the question @ plus ba first write

out the question every time.

Sam: mem, it's 2ab

Lineo: 2ab

Khau: mam, and if you say ab squared

Lineo: that's different we ‘Il talk about that no®wk 2ab
Mpho: Mam, can you write like ab slash ba?

Lineo: no, just 2ab, number (m), Wily?

Wily: Mam, is 4X+8y +2m

Setho: Mam can you say, likéX + or you can sa@x8y

Lineo: plus because if you put them together vdoats it look like?
Setho: times

Lineo: timesing, one thing. Number (n), Mpho?

Mpho: ab + bc

Lineo: number (0) Diski?

Diski: 9mnp

Lineo: 9mnp. Number (p) Ted?

Ted: bac

Lineo: the question was a + ¢ + ac what do youktttie answer would bef:

Have a look at it again. 188 the same a€ and Cthe same asf1Cor are
they all different? So what would the answer be?

Ted: a+c+ac

Lineo: number (q) Kori?

Kori: 4y

Lineo: r, Oscar?

Oscar: 8a

Lineo: ok I will go through queries just now.

Working with
learners’ ideas

?

Questioning

Reading
algebraic
notation

Conjoining

Transformational

Transformational

Mathematics
(rules &
conventions)

06:01

12:00

While you have got your homework books out, | justnt to do a quick
spot on test, just 5 questions. You carry on whene last stopped you
homework, 5 questions, sorry, Ok the test is nangyto count for marks

=
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but you need to do it by yourselves just put ithet back of your books.

Sorry?
Lineo: what's the date?
Lineo: | don’'t know, 13
Lineo: ok question 1 (writes on the board)
Simplify
1) 3x* —5x + 2x° = X
2) 8X—3x+ Xy
you don't need to write out the question, just traight to the answer
3) X. X . X

2)(4x)(2x)(x)
5) (2xy)(x2 y? )

3, 4 and 5, | haven't taught but | want to see what can make with them,.

[Learners work individually on the tasks]
Lineo: | will give you one more minute.
Lineo: you are still busy. [no response]

Lineo: Ok can we mark? You are still busy. No ofmbemba, you are

done.

Lineo: Ok you are going to mark your own work. Igieing to be right of
wrong, no half marks, no negotiations.

Question number 1, where do we get up to Kori? Wies your answe
for number 1?

Kori: minus 5x squared minus 6x.

Lineo: let's check yourX squares again [silence]

Lineo: what did you say?

Kori: 5x squared (interrupted)

Lineo: Sorry, I thought I heard a mint

(writes3x* — 5x + 2x* — X =5x® = 6X) right or wrong. You could
have put it in a different order if you wanted smme of you might hav

written — 6X + 5x? that would also be correct
Learner:5Xx? + —6X

Lineo: plus minusbX, eeeh it's right but its not simplified | would..|

give yourself a mark but just remember that plususibecomes a minus.

Questioning

r I
Questioning

s

U

Explanation

Writing
algebraically

Transformational

Reading/writing

Mathematics
(rules &
conventions)

Mathematics
(rules &
conventions)

Collecting like
terms

Expressing as
powers

Collecting like
terms

12:05

Lineo: question number 2, Themba?

Questioning

Transformational

Mathematicq

€xtlhg like
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- Themba: stays the same (rules & terms
12:16 | Lineo: stays the same, nothing gets grouped, tlyatis answer. conventions)
12:17 | Lineo: Ts’epo, question 3 remember 3, 4 and 5 kehaat taught so if you
- make a mistake that’s ok. Transformational
12:51 | Ts'epo: Mam, | got x cubed.

Lineo: X cubed. Almost, let’s see, what does th&trepresent? Questioning Interpreting Reading/writing Mathematics o

Learners: chorus x times x algebraic (rules & Simplifying

) ) 2 ] o notation conventions) | expressions

Lineo: (writes belowX”, X . X) so how manyX's are being multiplied Questioning

by each other?

Learners: 4

Lineo: so your answer will be

Ts'epo: x to the 4

Lineo: X to the power of 4 (writesX. X?.X = X4) right or wrong? That's

it.
13:04 | Lineo: mm...mm we gonna talk about that now. Questiomber 4, Tina? Transformational | Mathematics | Simplifying
- Lineo: ok let's have a look 4 times 2 is 8 (wrigswn 8) and then how (rules & expressions
13:35 | manyX's are being multiplied by each otheXaimes X times X, that will | Questioning Interpreting Reading/writing conventions)

be X to the power of 3 (writeS(3 next to 8) algepralc

notation

13:37 | Ok question number 5, who wants to volunteer arsivar? Am | getting Simplifying
- weary, Hakan? Transformational | Mathematics | expressions
15:17 | Hakan: | said it's 6x Questioning (rules &

Lineo: Ok, no, we will deal with this now, say 8am?

Sam: — 2%y*
Lineo: almost (writes down — 2) just check y&us for me
Sam: minus 2 x cubed [pauses] y to the power of

Lineo: (writes x®next to — 2) y to the power of 4 (Writyénext

to— 2X3). Ok, | am going to do the close your eyes. Thegitwe have
done in the past, except that | don’t want youalfimark out f 5, | am jus
going to say those who got question 1 right puyopr hand if you didn’t
get it right keep your hand down. So you need toember which one
you got right and which ones you got wrong. Okselgour eyes. Who gd
number 1 right, number 2, number 3, number 4, amiber 5? Ok not bag
thank you. Take out your theory books | want tdklab this timesing and

want to deal with Themba’s query as well and afsaking at Ts'epo’s|

conventions, )
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thing, which you picked up now.

15:18

17:50

Lineo: heading in your theory books, we have lookedhe definitions,
what does it mean to be a coefficient, what isréatée, what is a constant
We then looked at adding and subtracting. Nextgthirwant to look at ig

expressing as powers versus expanding (puts ulpeidging on the board).

Ok, | think the best; | am not going to give notesn just going to look al

examples. If | wroteX to the power of 3 Oscar (Writex;3 on the board
and | wanted you to expand it in other-words makkeidgger. What doe

3
X~ actually mean?

Oscar: X timesX timesX

Lineo: writes it on the board (Xj; =X.X.X
So going in that direction (left to right) | havegpanded it. If | gave you
XtimesXtimesX and | ask you to express it as a power you woalkl

said it'sx®. So expanding makes it bigger. What is the hidaeaning?
Expressing as a power simplifies it, make it smalle

’ Questioning

Interpreting
algebraic
notation

Transformational

Reading/writing

Mathematics
(rules &
conventions)

Expanding vs.
expressing as
powers

18:00

18:36

Lineo: (writes (2)><4y2 on the board)Xto the 4 and y squared, expa
that for me.

Learners individually work on the task
Lineo: Rob you had your hand up

Rob: X timesX timesX timesX timesy timesy

Lineo: (writes x4y2 = X.X.X.X.Y.Yyon the board) ok no problem §
far, | am assuming

n | &
%uestlonmg

5O

Interpreting
algebraic
notation

Transformational

Reading/writing

Mathematics
(rules &
conventions)

Expanding

18:44

19:27

Lineo: (writes (3)2 pzon the board) 2p squared, [short pause] Mathewf

N

Transformational

Mathematics
(rules &
conventions)

Expanding
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Mathew: 2 timesp times p

Lineo: (writes (352p2 = 2.p.p) correct, that square is only lookir

atp. If I wanted that square to look at the whole ¢hidp then | would
have to put in brackets.

%xplanation

Interpreting
algebraic
notation

Reading/writing

19:29 Interpreting Transformational Mathematics | Expanding
— . . 2 J algebraic (rules &
1956 Have a look at this example (writes (3)() ) and | ask you to expand it. notation conventions)
What would that answer be? Try, Mahomete?
Mahomate: 3Xtimes 3X
Lineo: 3xtimes3X. So the square is saying | need you to repeautinde | Explanation
bracket.
20:00
- Henry, coming back to your question when we wererkmg the
22:10 | homework | can't remember what it ... there was shingt with an
answer liked +b and you said it was... can you remember?
Henry: | said something about umm, but you said dnewer is 2ak
squared
Lineo: ok let's have a lookab® Henry, expand that for me. What does that Transformational Simplifying
mean? o - expressions
Henry: a multiplied by b multiplied by D
Lineo: (writes the answer as the Henry utterahf = abb . Multiplied
by 2 Mathematics
Henry: multiplied by 2 (rules &
Lineo: Ok have a look at the question, don't lobkvhat you have written, ~ Questioning conventions)
ab square, what does that square mean?
Lineo: Who is the square looking at?
Henry: b
Lineo: theb and is that a big 2 or a small 3 which means it& the power Meaning of Reading/writing
saying | need to repeab twice. (Writesab® = abb) is that going to bg symbols

the same a2ab? No, can you see the difference? Kele?
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Kele: Mam, if it was in bracket it would be ab bgb.
Lineo: if it was (ab) squared, yes it would be almes ab

Lineo: this two over here it's a power (pointsadnz). Its only role, its
function is to say | need to repdat this twice.
Learner: why only th® ?

Lineo: why only thdd ? Because if | wanted it to look at the whole th

then | would have to put up the whole thing intadkets. (Writeéab)z)

can you see the difference? The same thing th@iet(at(3x)2). So if
there is no bracket you assume that the powerlyslooking at that letter.

Explanation

Explaining
ng

22:12

24:31

Couple more
Henry: umm, mam in that

Lineo: I will do it in this example (writes (63X.2x> .4x* ) Ok, expand
it.
Learners work on the task individually [sileng

Lineo: it's a bit of an odd question with those raers lurking in betwee
[silence], Kele

Lineo: (writes as the learner respoBas2x’.4x> = 3X.2X XX AX.X)
Ok, the only thing | could do, can you expand that little bit more? Car

you break it down? What can 4 are broken down ?if
Henry: 2 times 2
Lineo: 2 times 2. So we can break 4 into 2 times L2&fu?
Lefu: can you break that 3X

Lineo: yeah you mean you just wanted a dot thewn{p between 3

andX). Yeah. Ok, are you all guys happy with expandi
Sephetho: can you put brackets on th
Lineo: this one here? (points at 3b
Sephetho: no, no, number 6, in the answer, shaujdn put brackets]
Lineo: where do you want to put brackef
Sephetho: between 3 and) X

Lineo: (writes(3X)(2X.X.X)( 2.2.X.X)) like that? That is correct becau

(interrupted), Henry~
i (uncleal)

?

Questioning

e]
|

N
ito

ng?
at?

you have expanded each portion but it's not necgssa

Transformational

Mathematics
(rules &
conventions)

Expanding
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24:33

26:07

Ok, couple more going in the reverse directiormlreow going to give you
the expanded form | want you to put it in termstleé power(writes (7
XXX Y.y
the answer, | don’t want to know what is 2 timetinZes 2 times 2 is. | jug
want you to put it as a power. [sileng
[Learners: silently work on the task individuall
Lineo: Kori, question
Kori: 2 to power of 4
Lineo: you are doing number 8 (writés2.2.2 = 2*) that's fine, 2 to thd
power of 4. For number 8, 2 is being repeated 4girand number 7
Limpho?

Limpho: X cubed
Lineo: X cubed timesy squared (writexsyz), x cubed y squared. An
guestion before we go on with timesing a bit (sikn

times y square

number e

(8) 2.2.2.2) | want you to work out question 8 but | wanfuestion

t
el

]
?

<

Interpreting
algebraic
notation

Transformational

Mathematics
(rules &
conventions)

Expressing as
powers

26:12

28:54

next heading timesing you got a heading with ad@ing subtracting noy
let's look at timesing,

Lineo: writes on the board
Simplify
(1)4x? 2X
Lineo: Ok let's have a look now at question numlerhere we are
timesing and | want you to simplify not to expamdliwant you to make
the answer nice and neat. The simplest way we sié@ence). Let meg

explain question number 1 and then you can try rasr2band the rest b
yourselves. That 4 and the 2 they are acting, tldésand 2’s, the big 4

and big 2 (points at the coefficients) are theynacas powers or number

as we traditionally know?

=

Questioning

h

_<<

Learners: numbers [chorus]

Interpreting
algebraic
notation

Transformational

Reading/writing

Mathematics
(rules &
conventions)

Simplifying
expressions
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Lineo: numbers, so looking at 4 and 2 what is hapyebetween them
am asking you to multiply them. What is 4 times 2?

Learners: 8

Lineo: 8. so dealing with the big numbers firstadd 2 act as prope
numbers.

Explanation
|

=

29:08
n Then here | have gotx? timesxX . How manyX’s are being multiplied b Transformational S
30:50 g W g P ) Simplifying
each other? . . .
Questioning Interpreting expressions
algebraic
Chomi:: 3 notation Mathematics
5 (rules &
Lineo: three, becaus€is the same thing astimesX. So | have got conventions)
XtimesX and anotheX, final answer is8x° Lisema, you have a frown
of a knod
Lisema: I'll get... you know after you do more
Lineo: you will get there, a couple more, Malawi?
Malawi: you always do the numbers then the var@ble
Lineo: correct, the way | traditionally do the miplying. Kori, Oscar you
need to have a look at the board. The processallyip, I first look at the Explanation Transformational
signs, is my answer going to be negative or pesivhen | look at my P
numbers, and then | look at my variables (writes
signs—~numbers-variables). First thing, is my answer going to losifive
or negative? Them | look at the big numbers and tHeok at each of the
letters separately.
30:53
- Lineo: writes  (2) (— 2X4)(— 3X5) Minus 2 x to the four times, _
33:00 ber b he brackets is ti . 3thedi h Transformational
;_emem er hetW(re]ent € brac eltj llos glmes minus 3 theidive. Who car Questioning Interpreting Reading/writing Mathematics | Simplifying
igure out what that answer could be* algebraic (rules & expressions
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Silence as they work on the task
Lineo: Wily | am going to pick on you.
Wily: 6Xto the power of 9

Lineo: 6Xto the power of 9. How many have got that one fightarners

raise up hands) ok, first let's look at the signegative and negative

positive answer (writes (2(— 2X4)(— 3X5) = +) you obviously do no
need to write that plus, the big numbers, 2 time8. R to the 4 time¥X to

the 5, if you are not so sure on this one, let's gsritesX.X.X.X)
Lisema what doe¥ to the 5 mean?

Lisema: X timesX timesX timesX timesX

Lineo: XtimesXtimesXtimesXtimesX. So how man¥’s are being

multiplied by each other? Nine. Couple more questiand then you can

practice

Lineo writes (3) (— 4p2q)(— 5pg’ )(— 2 p) who can figure out that on
out?

Silently work on the task
Lineo: John I'm going to pick on you
John: minus 40 (inaudible)

Lineo: minus 40, ok let's do the letters togethg¥,andqare different
letters so we need to look at them separatelyslletk at the first lot of
p what does p2 mean?
John: p times (interrupted)

t

Questioning

e
Questioning

Question

notation

Interpreting
algebraic
notation

conventions)

Mathematics
(rules &
conventions)
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Lineo: ptimesp them | have gotp over there and another one over th
all being multiplied by each other. How mapys? pto the [pauses

John: power of 4
Lineo; Perfect, let's see now if you can do @e for me?

John: g to the power of 4
Lineo: g the power of

John:4
Lineo: have a look

John: sorry, mam (inaudible)

Lineo: qto the power of 3 are you all guys getting it?

ere
Questioning

Working with
learners’ ideas

33:07

34:22

James: Mam is it minus 40 or 4
Lineo: negative and negatiy
James: positive
Lineo: and another negatiy
James: negative
Lineo: the last one what was that last questioaviegyou in the spot tes
What did you say?

Rob: | got negative 40p squared and then pg cubed mésied pqg
Lineo: pq, yeah

Rob: that pq is, | said times pq in the middle] got ppg cubed and then

have p squared. I said negative 40 p

Lineo: hold, hold on. Minus 40 p squared (writes 40") mm
Rob: pPg cubeg
Lineo: p q cubed (wites — 40p po) like that?
Rob: yes

Lineo: (compares Rob’s answer with the one givetieza- 40pq° . she
circles d in both answers) that's right (then circles — #@t's matching
up nicely but your p square and...your p’s look afbitny. Let's have 3

Working with
lJearners’ ideas
e
e

t.

squared

Working with
learners’ ideas

Interpreting
algebraic
notation

Transformational

Mathematics
(rules &
conventions)

Simplifying
expressions
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look, you worked with that p squared (ticksip the original expression)

and then you had this one (points at the lasttheérexpression) you said.
Rob: yes

Lineo: (points at the p in the — 5Pqwhat happened to him
Rob: | said the Qon the first place (interrupted

Lineo: yeah, Ok, wait Rob can you just wait, hofdfar two seconds, jus
let put up the next question, get the class goimghat. (Unclear) who go
the last question of the spot on test that | gésen? Ted, what was it
Ted: bracket minus 2xy bracket, bracket x to thevgroof 2 and y to thg
power of 2
Lineo: y to the power of 3

Ted: 3

O A v

34:52
- Lineo: (writes (4£_ 2xy)(X2y3) ) guys do number 4 when I look apuestioning Interpre_ting Transformational Simplify!ng
35:47 , . algebraic expressions
Rob’s query. What did you say? notation Mathematics
Rob: you see that  next to the firsto Working with (rules &
Lineo: yeah| learners’ ideas conventions)
Rob: that made pQg
Lineo: correct
Rob: That PpQ and the pg in the middle
Lineo: yeah
Rob: that gave pq3
Lineo: but the first p there was p squared
Rob: yes I get that like that
Lineo: you have got p2 and the last P
Rob: and I timesed that loy
Lineo: yeah
Rob: it gives mePQ
Lineo: I am happy with th
Rob: I added to that  pgin the middI:r
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Lineo: you didn't, where is you oth¢r?
Rob: whichp ?

Lineo: in the middle?

Rob: thatpQ is one isn't?

35:49

46:03

Lineo: ok Voyo, answer?

Voyo: | wrote minus two x cubed and then y to tlogvpr 4

Lineo (writes it on the board 2x3y4) was that so bad?

Learners: no
Lineo: no. Ok, for the rest of the time, you hawet gbout 12... 14 minutes
| am going to put up homework for tomorrow, you garwork on it now,
and the only thing, the only word of caution th&tle for you guys, at th
moment it's nice we are putting in boxes, we ardiragl you know the
rules, timesing know the rules, we gonna have tk lat what happen
when you mix it up. that's gonna be Ok

Khiba: unclear

Lineo; for exercise 3.l.have a look now, [writes on the board]Ok guys
let me have you attention one last minute, for toow exercise 3 and #
number 1. if you are under time pressure and fid3etoo long to write
out you can put up answers straight away. if thoigtill help to write it
out and to group then write it out that will givewthe choice. Ok exercige
3, exercise 4 number 1. | am Walking around dealiftyy queries, yout
coefficient queries.

Lineo, Chris you had a question?

Lineo: are you happy with that one you got wrong®ew| asked you 8
plus 3y plus..

Chris: ooh, yeah this [interrupted]

Lineo: the one you wrote when you were writing ybamework

Chris: but for this one (inaudible)

Henry: mam 2n plus 3x plus 4, can we add?

Lineo: but are they all the same? is ab the samaeas

Henry: no you cant add ab and ac

Lineo: no
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Lineo: if you want me to check ex.3 ask me now befgou get it wrong
for homework.

Lineo: Justice what you think the answer is gongia b
Justice: 4y plus y

Lineo: what'’s the answer?

Lineo: almost that 4y plus y, are they the samg andl y
Justice: no

Lineo: why not?

Justice: because 4y is 4 times y that is justy

Lineo: Ok, but remember | am adding we just wangtoup the samé
things into the same categories, why did put tisetagether into five x?
Lineo: yeah [moves]

Justice: because | got the same [unclear]

Jimmy: ... this in exercise 3 ... with that could yalda8 and 2 and then
to the power 37?

Lineo: Ok, if | said [interrupted]... what's the answ

Lineo: Kele?

Kele: will that one be the same as five to the .alyéive to the power of

two? [writes 5% on the homework book]

Lineo: tell me why

Kele: because that’s x and we add on here... [caheef in 5] that will
be 4y two

Lineo: but it's 4y plus y, what the imaginary numbigere?
Kele: 1

Lineo: and why did you say y squared?

Kele: | forgot there is one mam?

Lineo: and the y squared where did he come from?
Kele: | thought the and the y is y times vy, thest gguare
Lineo: but it's not timesing hee it's adding

Lineo: just before the bell goes let's make suw ffou have got at leas

the first 4 correct.
1) 5X+ 5y
2) 9a+5b
3)5c+7d
4)3x+8

| do not want you to get everything wrong. guys timmorrow minimum
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homework ex.3 has got to be done if you have goé tyou can do ex. 4
number 1. Pheko where is you diary?...

00:00

04:08

Lesson 4

Lineo: except Sephetho and Mathe, anyone who hat ocompleted
exercise 37

Ching: mam | didn’t do all.

Lineo: why not?

Ching | don’t know

Lineo: anyone besides MacNab?

Lineo: Gary, | will hold on for detention, you ageing for detention, firs
thing next term.

Lineo: take out your homework, let's mark exercseMinimum of your
homework exercise 3, some of you might have doeecése 4 questions
as well. Ok | am ready to mark, not repeating. @aesl 5X+ 5y
[interrupted] ... oh we already marked the firstirfothat’s fine. question
number 5, Edward, your answer for number 5 (learneads out answer),
number 6, who is there Poli?

Poli: 95+ 8

Lineo: if you put it in a different order its finéf you sayB+9s that
perfect. Number 7, Koari?

Koari: three xy plus 4xx plus 3 xz

Lineo: Ok, there was ... no no no no, it was venaclith the printing
printing so you read it as xx; some of you mightéheead it asxz, if that

was the case you would hal#z + 3Xy. Question number 8 Oscar?

Oscar: 7pq+12pr

Lineo: 7pg + 12pr perfect, | will deal with all tliieries at the end. Let|s
just get through the answers. eerr number 9 Tinfo(llyis continues until
all questions have been marked)
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Lineo: Ok, | will deal with queries individuallypf the rest of the time yo
work on exercise 4, once you are done with 4 youogb, once you are
done with 5 you go to 6, one you are done with 8 go to 7. If you finish
exercise 7 before the bell goes come and speaketd will sort some
revision for you, Ok.

Lineo: you guys question number 4... exercise 4, tipeshumber 1,
where it says write as the product of powers. Qoegt). First of all, what
does product mean?
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Learners: chorus timesing

Lineo: timesing, what times what give us 4? If yawe going to
(interrupted)

Lerato: 2 to power of 2

Lineo: 2 times 2. So question 1 (a) (writes on loard4 = 22) will be
written as 2 to the power of 2.

definition)

05:09 | Lineo: let me speak with to Mahomete he had a qaed then | will be
- with you, Sam. Working with Mathematics
07:25 | Mahomete: mam | had a query about the 4... [inteedipt learners’ ideas (rules & Expressing as
Lineo: you are answered? Transformational | conventions) | powers
Goes to another learner
Lejone: mam [unclear] Reading Reading/writing
Lineo: where is yours? algebraic
Lejone: | left it at home notation
Lineo: you are borrowed and you return it with [l&ae] conditions [moves
to Sam] Writing
Sam: how do you ..you, you write that three three x? algebraically
Lineo: then when | am to read that what | am | gdmread that as...
Sam: because the x [interrupted]
Lineo: no no if I'm going to read that how am | ggito read it as?
Lineo: Ok, no no what do | see when | see that?
Learner: thirty-three
Lineo: thirty-three, is this thirty-three?
Sam: it's three, but you have got two threes
Lineo: correct, but how do you write them as powdpause]
Lineo: three to the power of two. Isn't three te fower of two three timess
three?
Sam: ooh, three to the power of two, x to the povfehree
Lineo: correct [moves] Henry?
Henry: | was just wondering that some of the ans\iienclear]
Lineo: you need to check with somebody else [moves]
Jimmy: would you put two to the power of two? Questioning Transformational Expressing as
07;28 | Lineo: mm, do you see what | put on the board wyaun were talking to powers
- Chai? [moves] Mathematics
12:30 | Lineo: Jimmy, why have you got ribbons on your Bdiearners laugh] Interpreting Reading/writing (rules &
MacNab: how long will the detention be, mam? algebraic conventions)
Lineo: two hours, | [unclear] at my records, yotstjmeed to do your notation
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homework for next week and you will be fine. butydu are like ching
who does not do the homework [interrupted]... then geed to write you
homework in your dairy.

Lineo: Mahomete doesn’'t want to watch the videoabise he is being

caght on camera

Hlompho: mam when are you going to help with somuel lstuff?

Lineo: next week, it will be your time, | have lotd time next week
[moves]

Khang: ... to say four times four?

Lineo: But you want to write it as powers, so hoanc. shhh, the four

how can you write 4 as a power? 2 times 2 .... SoBtimes 2 times 2, sp

it will be 2 to the power of 3

Goes to another learner

Lineo: do you want to catch some of the questigne®/es]

Lineo: no noo, it's just that they are easy, dowotry about that its from
textbook, once you have done this exercise you tmedtch up with you
theory. borrow the rules books from someone [moves]

Motong: unclear

Lineo: it's fine, or you can even write cccccc....

Jack: mam, with question five, simplify | was jusbndering something

like [interrupted]

Lineo: now do the numbers, 3 times 2 is
Jack: ooh 6

Lineo: so you write it as 6xy

Tim: mam would this be %or ...

Lineo: Let's back track and see if you are right,gave you 2x?what am
| meaning? If you are to expand it... with the twalye

Lineo: | am coming Edward

Eli:... number b how do you simplify 3x times 2y?jone

Lineo: these numbers the 3 and the 2 they are unigbers, they are likg
normal numbers, right? what would the answer thefz

Henry: can | just put x times x times X timesirféds ...

Lineo: | think what they want you to do insteaddofng that, though that i
correct | agree with, is just to say is this tinitself three times, so ti wil
be 3Xy? times 3%y? times 3Xy® but | mean you are also right [interrupte
... that’s real..ly expanded [moves]

s

D

[2)

d]
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Lineo: Question number...

Lejone: m

Lineo: m, 2 times 2 times 2... write in the prodatpowers
Lejone: it's 2 to the power of 4

Lineo: mm is the same instruction.

12:31

12:58

Lineo: Mahomete, you are working, mm, question?

Mahomete: no

Lefu: mam how do you write [unclear]

Lineo: you tell me what do you think about this?

Lefu: two x squared equal ... | do know, | do notwno

Lineo what is being repeated?

Lefu: two x

Lineo: correct, it's x times X that is being rephtwice

Lefu: so there will be two x to the power two.

Lineo: mm, if | say to you ... if | gave you two x the power of two, you
would know is 2xx [moves]

John: Ok mam, 20abxy

Lineo: 20abxy [unclear] hundred percent. are yopplgawith all the
others?

John: number 4 if it's three [interrupted] ... it iile 24Xy?

Lineo: mm [moves] coming

Henry: three xxyy three xxyy

Lineo: mm [moves]

Khau: number 4 mam, | don’t understand thiimes X times...
(inaudible)

Lineo: ok you were not here yesterday you missadnouhe whole lesson
if | said to you ummX to the power of 3 what am | meaning?

Khau: any number to the power of 3

Lineo: what does the power of 3 mean?

Khau: times itself 3 times

Lineo: ok, X to the power of 3 meanX timesX times X so this is going
in the reverse direction, you need to catch up thiehtheory, heee, borro
Kele's book over the week-end. [moves]

Lineo: xtimes y you want to make it into a neataywef writing it. just do
number 2 for me, number b

Jabu: it's three x twoy

Lineo: Ok, the numbers can be multiplied by eattien
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Jabu: so it's 6xy

Lineo: mm [moves]

Lefty: three to [unclear] times y to the power tand then brackets wil
that be like five x’s and five y's

Lineo: no how many... because what does this powtrreé mean?
Lefty: it means whatever is inside the brackettefirupted]

Lineo: three times heee so | am gonna havg’3éy” 3x°y?

Jabu: but then you won't have to... when you areimgjt expand the
notation like 3 times x times x times y times ...

Lineo: have fun [moves]

Sephetho: can we say it's 6xy

Lineo: hundred percent [moves]

Thando: unclear

Lineo: like [interrupted] yeah, just do number btlat | can see you are ¢
the right track.

Thando: 3x 2y

Lineo: it's correct but they want you to simplify; is there anything thd
you can work out in that sum? [learner silent] walabut the numbers? r
no do not listen to him. what is happening betwdenthree and the tw
[learner silent] timesing what is three times two?

Thando: ohh 6 [lineo moves away]

Lineo: Rob, are you Ok?

Rob: yeah

Lineo: what happened to the hair today?

Rob it has always been like that, didn't you nd?ice

Lineo: from the back it looks different. you didivtush you hair.

Chang: inaudible

Lineo: with the power [moves]

Lineo: question

Ling: do we say a times b squared or [interrupted]

Lineo: what does square mean?

Ling: a times a times b times b [Lineo knods and/@soaway]

Lineo: question?

Hatla: two times a times ¢ squared

Lineo: so that becomes? [pause] no if you warntedbtit like that hee tha
means xy xy xy how many x’s do | have? if you veshto you could say
xy to the power of 2 but I think what they want énés simplify it, you

O o —

—

don’t want any brackets. [moves]
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Tau: to simplify ¢ would you say x cubed y cubed

Lineo: no no y squared, x squared y squared [moves]

Ching: when you do this x p to the power 4 is nai p

Lineo: no no..no... [moves]

Lineo that perfect excerpt i don't want the dot ndecause we ar
simplifying it so x times y is just xy

Jack: is there anything we can do with this?

Lineo: we can ... is there anything you can do with three and the tw
there?

Jack: unclear

Lineo: what’'s happening there? timesing what'setimes two? ... 6xy
Shata: this will be two to the power 4

Lineo: mm

Lineo can you ask from there?

Thabo inaudible

Lineo: what would 16 to the power of 50 mean? 1Bet 16 times 16

times... is that the question?

Thabo: no

Lineo think abpout it or Rob will tell you [moves]
Lineo: yeah

13:02 | Goes to another learner Transformational | Mathematics
. Lineo: X times Yy what is the neater way of writing it? Questioning Writing . Reading/writing (rules &. Slmpllfy!ng
13:23 ) algebraically conventions) | expressions

Lefty: it's two x three y Explaining

Lineo: The numbers can be multiplied by each other.

Leaner: umm it's ..6Xy

Expanding

13:24 | Goes to another learner
- Lineo: what doesX to the power of 3 mean? Three times, hee, so | am
18:00 going to havé3X2y2 3x2y 3x2y2 Explaining

Lineo: do another number (b) so that | can seeareuon the right track. Transformational

It's correct but... Mathematics

Ntando: three X two y... (rules &

Lineo: it's correct but they want vyou to (interrag Interpreting Reading/writing conventions)
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Lineo: | don't want the dot now because we are $fyipg. Is there

anything you can do with the 3 and the 2 there? tWhhappening theref:

Questioning
o

algebraic
notation

Timesing, what is 3 times 27

Ntando: ooh 6

Lineo: 6xy
18:04 Expanding
n Lineo: X to the 4, like that, what does that mean? (Wria8 on the . .
19:36 , y . (Wrikgs Transformational | Mathematics

learner's book) like that? If | ask you to exparmdhtt what would tha P

Questioning (rules &
mean? If I asked you to expand conventions)
Learner: Xdoty doty doty doty

Lineo: (puts brackets aroundy so that it Iook:{xy)4) if 1 do it like that,
what would that mean®y Xy Xy Xy Let's see the trickpne (points
atx’y?).

Explanation

interpreting
algebraic
notation

Reading/writing

Table 5 transcript of the observed lessons
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Therefore, mathematics for teaching is composedarfing/writing activities i.e. it is
about mastering conventions in mathematics.

Hence one can conclude that in this practice Mfdlse transformational in nature.
While Lineo still engages with reading/writing adties we see that MfT is now
empirical.

MfT is now conventions.
In this case we see that MfT is empirical, transfational and conventions.

rather than in generalizing and justifying actes#tias argued by Kilpatrickt al
(2001). So far we see that for Lineo mathematicdelaching (MfT) is constituted by

conventions in mathematiesd empirical mathematical knowledge

as opposed to developing meaning for the underlgingcturesdoncepts symbols
and operations|[italics added] as argued by Kilpatrick al. (2001) [see section
1.3.3.3].

rather than mathematics as reasoning (Brodie, 2000)

| have shown that in Lineo’s practice MKfT or MfB icomposed of empirical
arguments, mathematical conventions and terminology

Although, it is a desired practice in the new aulim and reform oriented research.
For instance, in this study conjoining came upeasriers engaged in transformational

activities, where they were givedx + 5x + 2b to work out. Throughout the

observation week [see chapter 3], learners engagbadctivities which demanded
them to write algebraic expressions by manipulagiiger a given algebraic

expressions or a random distribution of terms as in

In this study, the mathematical problems that aontfrd the teacher occurred as a
result of engaging learners in representational tearasformational activities. Such
mathematical problems were categorized maanipulating algebraic symbols
problems. This category includes mathematical sl such asconjoining,
representing, symbol conflict, recognizing likemersplitting terms and substitution

[see Appendix 4].
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